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Preface 

Barge transport is known for being a slow, but reliable mode that is suitable for long-distance 
transport, and hence involves long journeys. The manner of accomplishing this thesis that 
deals with barge transport definitely bears a resemblance to this perception of the barge 
sector. It has been a long journey.  
Already in the early 1990s Hugo Priemus, my promotor, suggested to me to think about 
writing a thesis, but the idea needed time to mature. Since I got involved in several projects 
dealing with barge transport I became more and more interested in this rather neglected mode 
of transport. However, my first serious thoughts about writing a thesis about barge transport 
more or less developed in the late 1990s, when I was participating in the European research 
project TERMINET, which was initiated and coordinated by OTB. This research project 
focussed on ‘new-generation terminals’ for the exchange of intermodal load units and their 
performance, and on the bundling of freight flows through the network. At the end of the 
TERMINET-project there remained challenging terminal and network issues, which inspired 
not only me but also my colleagues Ekki Kreutzberger and Yvonne Bontekoning to elaborate 
these issues in a thesis. In her thesis, Yvonne Bontekoning focussed on advanced rail-rail hub 
exchange facilities as an alternative to shunting yards to support the implementation of hub-
and-spoke networks in intermodal rail transport. Ekki Kreutzberger’s thesis covered a 
systematic structuring and analysis of freight bundling networks that he elaborated for, and 
applied to intermodal rail transport in Europe. The topic of my own thesis can be positioned 
as complementary to the work of Ekki Kreutzberger, since I dealt with comparable issues in 
the barge sector. 
We were able to start our thesis projects within the framework of the multi-year (1997-2002) 
TU Delft research programme ‘Freight Transport Automation and Multimodality’ (FTAM) 
that was carried out under the flag of the TRAIL Research School. At that time, I was not 
only involved in the FTAM programme as a researcher, but I also had a co-ordinating role in 
this programme. I was pleased to carry out this task, but it also diverted me from focussing on 
the thesis work. In the years after the FTAM programme I was often tempted to get involved 
in contract research and it turned out to be difficult to say ‘no’ to colleagues when I was asked 
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to join new projects. These circumstances have definitely also contributed to the long journey 
I have made to finish this thesis. But I am happy to say that my boat has now moored, and the 
thesis is delivered. 

Although writing a thesis is something you have to do on your own, many more people were 
involved. So this is the moment to express my gratitude to them. First of all, I would like to 
thank my promotor professor Hugo Priemus. He was always there to provide me with advice 
and feedback on my work. His incredible speed of reading text and commenting on it has 
always surprised me. Considering his exceptional high productivity and my relative slow 
progression, it is clear that I also have to thank him for his patience. Furthermore, I greatly 
value him for offering new perspectives when they were needed.  
Some chapters in this thesis were written as articles together with colleagues. I wish to thank 
Marcel Ludema, Yvonne Bontekoning, Kees Maat and again Hugo Priemus for being co-
authors. 
Of course, many more colleagues should be credited as they have contributed to a pleasant 
and inspiring working atmosphere. To those colleagues definitely belong my former 
roommates Ekki Kreutzberger, Kees Maat, Jan Jacob Trip and Marisa de Brito, with whom I 
had pleasant conversations about our work and numerous other topics. My colleagues Jaap 
Vleugel, Milan Janic and Bart Wiegmans kindly gave their opinion on a draft of the thesis, 
and gave other helpful advice.  
Special thanks goes to Ekki Kreutzberger, who, being my colleague now for 20 years, 
introduced me to the field of transport research when I started working at OTB. I very much 
enjoyed working with him on many projects and I learned a lot from him. 
Furthermore, I thank professor Joan Rijsenbrij and Cornelis van Dorsser for the interesting 
discussions I had with them about the thesis and their constructive comments. 
Even when the thesis manuscript is approved there is still a long way to go before it can 
become a published book. I am grateful to Ineke Groeneveld, Dirk Dubbeling, Itziar Lasa and 
my personal ‘ICT helpdesk assistant’ Nam Seok Kim from OTB, and Conchita van der Stelt 
from the TRAIL Research School for assisting me in this final stage. 
Last but not least, I would like to thank those close to me: my parents, who have always 
encouraged me and given all possible support to me to study; and, of course, my home front 
Angélique, Merijn and Lucas. They play a very welcome and important role in distracting the 
mind from work and helping to put the importance of work into perspective. So, although 
they are not aware of it, they were invaluable to me to achieve the completion of this thesis. 

Rob Konings 
Fijnaart, September 2009 
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1 Introduction 

1.1 Transport growth and the need for sustainable transport 
development 

Over the last decades freight transport has been growing rapidly. From 1995 to 2005 transport 
volume in tonne-kilometres in the European Union (of 25 countries) increased by 31% 
(Eurostat, 2007a). This growth of goods transport has been much larger than growth in gross 
domestic product (25%) and passenger transport (18% in the period 1995-2004). Moreover, 
its development has been much more spectacular in international transport than domestic 
transport. This strong growth of international transport has been fuelled by economic growth, 
market liberalisation and economic globalisation and, related to that, a huge increase of 
international trade. Worldwide trade has been growing much faster than the world economy 
and over the last 25 years more than twice as fast as the world economy (Clancy and Hoppin, 
2006). The economic opening up of China has been a major accelerator in world trade growth 
and consequently has boosted freight transport. Although the worldwide financial crisis has 
resulted in a strong fall back in international trade and transport since 2008 the long term 
expectations for transport growth remain invariably high. 

So far transport has been a major contributor to economic growth, but now there are serious 
concerns on how to accommodate future transport growth. From a policy perspective, 
regional, national and at the level of the European Union, the objective is to achieve a 
sustainable transport system, which means a transport system that meets society’s economic, 
social and environmental needs. The bottom line of this general policy, initiated at EU level in 
2001 by the European Commission (2001) in its White Paper, is a much more and balanced 
concern for the different impacts of transport on economic growth, social welfare and 
environmental protection. 
This new policy has brought, among other issues, the present and future role of the road 
transport sector more and more into discussion. The road accounts for 44% of all freight 
carried in the European Union and if the sea transport mode is excluded, its share rises to even 
more than 70% (Eurostat, 2007a). Between 1995 and 2005 the road transport performance (in 



2 Intermodal barge transport: network design, nodes and competitiveness 

tonne-kilometres) went up by 38%, while total freight transport displayed a growth of 31% 
(Eurostat, 2007a), indicating an increasing share of road transport. Demand factors, such as a 
reduction in heavy bulk transport and the increasing importance of door-to-door and just-in-
time services have undoubtedly contributed to a strong growth of road transport. The vital 
role of this transport mode is beyond dispute, but its contributions to traffic congestion, 
polluting emissions and unsafety have caused increasing concerns.  

Problems arising from huge road traffic volumes become more and more manifest: trucks not 
only contribute to, but also experience the costs of increasing congestion on the roads as a 
result of capacity constraints in the infrastructure. Despite major reductions in harmful 
emissions of road vehicles (i.e. NOx), the problems of CO2 emissions and noise have 
increased and in the perspective of rising traffic volumes this will increasingly be a problem. 
Last but not least, the performance of road transport on safety remains a great concern as road 
transport still has the worst safety track record of all modes (Eurostat, 2007a). 
If these performances of road transport are compared to rail and inland waterway transport, 
these alternative modes appear to have some interesting assets. As regards transport capacity, 
in particular the capacity of inland waterways is still considerably underused in terms of 
infrastructure and vessels. They could handle much greater volumes of traffic than at present 
(European Commission, 2001). Furthermore, rail and inland waterway transport are very safe 
modes of transport and when used effectively they can in many cases offer a more energy-
efficient and less-polluting means of freight transport.  
Given these facts and the forecasted growth of freight transport by 50% in the period between 
2000 and 2020, the question arises, how, in addition to improving the sustainability of the 
road transport sector, rail and inland waterway transport could play a more prominent role in 
accommodating surface transport.  

This thesis will address this question to the possible role of the inland waterway transport 
sector:  

How can inland waterway transport increase its market share in surface transport? 

In order to derive the specific research questions from this general question first a brief 
overview of the inland waterway transport sector is given, which explains the current role of 
this sector in freight transport and addresses the main challenges to increase its market share. 
Based on this overview the specific problem definition and main research question of the 
thesis are formulated in section 1.4. 

1.2 Inland waterway transport in Europe: performance and 
characteristics 

Inland waterway transport in the European Union ranks third on inland freight transport after 
road and rail. In 2006 the total amount of goods transported on inland waterways in the EU-
27 was 503 million tonnes, which represents a 3% market share in volume. The total goods 
transport in tonne-kilometre (tkm) amounted 138 billion, which corresponds to a 6% market 
share in transport performance (Eurostat, 2007b). Although its transport performance 
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increased by 20 billion tkm or 18% from 1970 to 2005 in the EU-15 countries (European 
Commission, 2003; Eurostat: http://epp.eurostat.ec.europa.eu/), its modal share has gradually 
declined since 1970 (Table 1.1). The growth of freight transport has been mainly absorbed by 
road transport, at the cost of barge transport and rail transport in particular. 

Table 1.1  Modal split in inland freight transport in the European Union, 1970 – 2005, 
several years (% of tonne-kilometres) 

  Road Rail Inland waterways 
EU-15 countries: 1970 56 32 12 
 1980 65 26 9 
 1990 73 19 8 
 2000 78 15 8 
 2005 79 14 7 

EU-25 countries: 1995 72 21 7 
 2000 74 19 7 
 2005 77 17 6 
     
EU-27 countries: 1995 72 21 7 
 2000 74 20 6 
 2005 77 17 6 

Source: Author, derived form Eurostat data 

The importance of inland waterway transport in the different countries and their regions 
shows great variety, but the centre of gravity undoubtedly lies in the Rhine corridor (Buck 
Consultants International et al., 2004). The Netherlands and Germany accounted for 77% of 
the transport performance of inland waterway transport in the European Union in 2006, 
reaching 83% when Belgium is included1 (Eurostat, 2007b). The modal share of inland 
waterway transport in these countries amounted 32%, 13% and 15% respectively (Table 1.2). 

A precondition for a considerable market share of inland waterway transport is adequate 
demand, but above all the availability and quality of infrastructure in terms of waterways and 
ports. The size of the network of navigable waterways in Europe is about 52.000 km and 
about 50% of the total network represents the networks of France (14.900 km), Germany 
(7.500 km), The Netherlands (5.000 km) and Belgium (1.570 km) (De Vries, 2006), which 
explains the dominant role of these countries in barge transport in Europe. 

                                               
1  France contributed for 7% of the performance of inland waterway transport in the European Union and 

Romania recorded 6%. The remaining 4% could be observed in Hungary, Austria and Bulgaria (Eurostat, 
2007). 



4 Intermodal barge transport: network design, nodes and competitiveness 

Table 1.2 Modal split of inland transport (road, rail, inland waterways) by country, 
2006 (% of tonne-kilometres) 

Road Rail Inland waterways 

Austria 63 34 3
Belgium 71 14 15
Bulgaria 69 27 4
Denmark 92 8 - 
Finland  73 27 0
France 81 16 3
Germany 66 21 13
Greece 98 2 - 
Ireland 99 1 - 
Italy 90 10 0
Luxemburg 91 5 4
Netherlands 64 4 32
Portugal 95 5 - 
Spain 95 5 - 
Sweden 64 36 - 
United Kingdom 88 12 0
Cyprus 100 - - 
Czech Republic 76 24 0
Estonia 35 65 - 
Hungary 72 24 5
Latvia 39 61 - 
Lithuania 58 42 - 
Malta 100 - - 
Poland 70 30 0
Romania 71 19 10
Slovakia 69 31 0
Slovenia 78 22 - 
EU 27 77 17 6

(-) not applicable; (0) negligible. 

Source: Eurostat, 2008 

In looking over these networks the backbone of the European waterway network consists of 
the two largest rivers, the Danube, flowing over a distance of 2850 km from Germany 
through Austria, Hungary, Serbia and Romania to the Black Sea, The Rhine (total length of 
1.300 km), connecting Switzerland and important industrial regions in Germany with the 
seaport of Rotterdam in The Netherlands, together with the tributaries of the Rhine in 
Germany, i.e. the Mosel, Main, Neckar, the Ems, Weser, Elbe and Oder in the Northern part 
of Germany, the Meuse streaming through France, Belgium and The Netherlands, the Seine
and Rh ne in France and the Rhine-Scheldt canal linking the seaports of Rotterdam and 
Antwerp.2 These waterways make major economic areas in Europe accessible by inland 
waterway transport (see Figure 1.1). In addition, these waterways are complemented by 

                                               
2  In terms of transported volumes the Rhine is by far the most important waterway. It plays a part in more than 

60% of the inland waterway transport in Europe. The Danube is ranked second (market share of 13%), 
followed by the Rhine-Scheldt canal (8%) and the Seine (6%) (Central Commission for Navigation on the 
Rhine and European Commission, 2008). 
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lower-scale waterways, especially dense in The Netherlands3 and parts of Belgium, Germany 
and France, but much less elsewhere. The differences in quality of the waterways reveal itself 
in different maximum sizes of vessels that can be accommodated (see Figure 1.1) and hence 
this affects the economic conditions to offer cost-efficient barge services.4

The waterways have a particularly strong position in the transport of bulk goods. It has a 
leading role in transport of ores, coal, sand, gravel and chemical products. This can be 
explained by the typical characteristics of this transport mode. Barge transport is a mode that 
combines high mass transport capacity with low operating costs, i.e. the line haul costs (per 
tkm) are low. It is a mode that also provides a high level of safety, which is a favourable 
condition to transport dangerous goods. In addition, barge transport is known for its high 
reliability of transport services, because of the ample capacity of waterways that enables 
congestion free transport.5 On the other hand, inherent disadvantages of barge transport are its 
relative low speed and limited coverage of its infrastructural network compared to rail and 
road networks. In order to avoid relative expensive transhipment of cargo to other modes 
(road or rail), the latter usually restricts the transport relations for which barge transport is 
considered. The transport demand for ores and coal fits very well to the features of barge 
transport as it consists of large long-distance (international) transport flows at a limited 
number of transport relations, i.e. from seaports to steel industries and power plants, that 
enable cheap transport by using large vessels. Transport of chemical products, petroleum 
products in particular, shows a more or less identical pattern. Transports are often seaport-
related and involve large consignments, predominantly between refineries and chemical 
industrial complexes or as intermediate deliveries between chemical companies. Sand and 
gravel are generally not transported over very long distances, origins and destinations are 
much more dispersed and volumes are smaller, but still barge transport is the preferred mode 
here.  

The strong position of barge transport in the aforementioned transport markets seems 
undoubtedly related to the fact that most of the transport origins and destinations are located 
near a water site, which makes barge transport a very cost-effective choice. Policy Research 
Corporation (2006) shows that on such transport relations, without pre- or post-haulage by 
truck, barge transport could already compete with door-to-door transport on a transport 
distance of even 20 – 40 km.  

                                               
3  The Netherlands has by far the most fine-meshed network: its length is comparable to the size of the Dutch 

highway network (De Vries, 2000). 
4  Although France has an extensive waterway network (the largest network of Europe), many waterways can 

only accommodate small vessels, which partly explains the modest role of inland waterway transport in France 
(see Table 1.2). 

5  De Vries (2006) estimates the reserve capacity of the Rhine at 700% and of other waterways at 100%, which 
indicates a large potential to accommodate future growth. However, climate change, causing more extreme 
variations in water levels of waterways, could be a threat for both the capacity and reliability of the inland 
waterway transport system in the future.  
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Figure 1.1 Classification of waterways in Europe and the position of major waterways 
in relation to important economic centres 

Source: Via Donau and VNF (adapted from De Vries, 2006) 
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The demand characteristics and the way in which the barge sector can adapt to changes in 
demand seem of great importance for the possible role of the barge sector in freight transport. 
The overall decline of the modal share of inland waterway transport (see Table 1.1) can to a 
large extent be attributed to changes in the general composition of cargo towards types of 
goods that have historically less affinity with inland waterway transport. Economic structural 
changes have led to a faster growth of more highly processed goods rather than raw materials, 
i.e. bulk goods. On top of this shift between freight categories, in many industries new 
logistical concepts and changing customer demands have resulted in smaller as well as more 
frequent consignments of goods. These developments have strongly favoured and increased 
the role of road transport in the total transport system. On the other hand this changing 
environment has also challenged the barge sector to develop new markets. 

1.3 Intermodal transport: a growth market for inland waterway 
transport 

The shrinking of the traditional markets for barge transport and the strong growth of the 
finished and semi-finished goods market have triggered the sector to develop new services 
and to improve the basic conditions of inland waterway transport. In this process the 
introduction of the maritime container has played an important role as it created opportunities 
to enter the market of transport of finished and semi-finished products. 
The use of these load units has reduced the handicap of limited network coverage, i.e. the 
need for time-consuming and costly transhipment, and made it possible to combine the 
benefits of barge transport with the advantages of road transport, i.e. its high flexibility and 
accessibility to collect and distribute load units. This way of freight transport, using load units 
and a combination of modes, has emerged into a new and promising transport market, which 
is known as intermodal freight transport.6

A typical intermodal transport chain consists of a short haul by truck to pick up the load unit 
with goods at the shipper, a long haul by train or inland vessel and a short haul by truck to 
deliver the load unit with goods at the consignee (see Figure 1.2). 

Figure 1.2 Representation of an intermodal barge transport chain 

Source: Drawn by author 

                                               
6  Intermodal freight transport is generally defined as the movement of goods in one and the same loading unit or 

vehicle by successive modes of transport without handling of the goods themselves when changing modes 
(European Conference of Ministers of Transport et al., 1997). Loading units can be containers, swap bodies 
and trailers. 

barge transportpre-haulage transhipment transhipment post-haulagebarge transportpre-haulage transhipment transhipment post-haulage



8 Intermodal barge transport: network design, nodes and competitiveness 

Generally speaking the market for intermodal transport is restricted to specific segments of 
the transport market. It has to link zones of economic activity that can generate sufficiently 
large cargo flows and are sufficiently far apart that the advantages of rail or barge transport, in 
terms of costs per km, outweigh the additional costs of terminal operations and pre- and post-
haulage per truck, when compared to door-to-door road transport. Schematically the cost 
structure of intermodal versus door-to-door road transport can be represented as shown in 
Figure 1.3. 
It is evident that if either a pre- or post truck haulage is not needed the cost performance of 
intermodal transport immediately improves. This situation occurs in the seaport, where a 
container having an origin or destination overseas can be put directly on a train or inland 
vessel without a truck movement. This explains the relatively strong competitiveness of 
intermodal transport in hinterland transport as will be further discussed later on. 
The transport distance is another major factor that influences the competitiveness of 
intermodal transport. It is often stated that intermodal transport can only compete with road-
only transport on rather long distances. Van Klink and Van den Berg (1998) state that 
intermodal transport is generally competitive on distances in excess of 500 km. A study by 
Cardebring et al. (2000) found a minimum distance of 400 km. Alternative estimates by the 
Dutch government (Ministry of Transport, Public Works and Water Management, 1994) 
showed break-even distances for container transports having a deep sea leg (and so avoiding 
one truck haulage) of 200 km for rail and 100 km for inland waterway transport and for land-
based container transports (having both a pre- and post truck haulage) 400 km and 250 km 
respectively, while Macharis and Verbeke (2001) calculated a break-even distance of 95 km 
for intermodal barge transport to the hinterland of Antwerp. Given different assumptions in 
these studies, apparently specific conditions can influence the distance at which intermodal 
transport can compete with road-only transport (see also Kim and Van Wee, 2009). 

Figure 1.3 Cost structure of intermodal transport versus door-to-door road transport 

Source: Drawn by author 
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Data about the total volumes in intermodal transport in Europe are not comprehensive. The 
transported volume in intermodal rail transport carried by the International Union of 
Combined Road – Rail Companies (UIRR), representing the majority of operators in this 
intermodal transport sector, was estimated at 4,5 million TEU (Twenty-feet Equivalent Unit) 
in 2003 (Savy and Aubriot, 2005) and 6 million TEU in 2006 (European Commission, 2008). 
The estimated volume of containers transported on inland waterways in Europe in 2003 
amounted about 4 million TEU (Promotiebureau Binnenvaart Vlaanderen, Bureau 
Voorlichting Binnenvaart, Port of Rotterdam Authority, Voie Navigable de France, Via 
Donau, Inland Navigation Europe) and 4,5 million TEU in 2006 (Central Commission for 
Navigation on the Rhine and European Commission, 2008; Promotiebureau Binnenvaart 
Vlaanderen). These volumes are significant, but estimates show that intermodal (rail and 
barge) transport do not account for more than 5% of the total surface traffic (in tonne-km) of 
goods in Europe as a whole7 (Savy and Aubriot, 2005). 
The increasing role of the container in transport of goods, however, is beyond dispute. The 
globalisation of manufacturing and the increasing containerisation of flows, making transport 
of goods more cost-efficient, are major forces behind container transport growth and these 
trends are expected to remain responsible for a high pace of growth.8 Forecasts for global 
trade volumes in 2015 still indicate a growth rate of approximately 7.5% per year, compared 
to an average rate of about 9% per annum over the last twenty years (Lempert, 2006; United 
Nations ESCAP, 2007). 
Although the strong growth of container transport has its roots in deep-sea shipping most of 
the container flows have an inland origin and/or destination and therefore they create an 
important growth market for the inland transport modes and combinations of these modes, i.e. 
intermodal transport, as well. In addition, the use of containers is not restricted to transport in 
the hinterland of ports, but containers and also other intermodal load units can be an option in 
many other transport relations to combine the benefits of the truck with those of the train or 
inland vessel. 

1.4 Problem definition and research questions 

In looking over the development of intermodal barge transport, the volumes transported 
during the last two decades have substantially increased. In 1985 about 400,000 TEU were 
transported by barge, but since the early nineties intermodal barge transport has shown 
spectacular growth figures: total traffic in Europe crossed the 1 million TEU mark around 
1991, the 2 million TEU mark in 1996 and the 3 million TEU mark in the year 2000 (Deplaix, 
2002). The annual traffic volume in 2007 exceeded 4,5 million TEU. Apparently, the barge 
sector has been able to cater well to the ever-increasing demands of shippers by offering low 
cost container transport services with high quality in terms of frequencies and reliability. 
These significant numbers, however, do not alter the fact that the share of intermodal barge 
transport in the total surface freight transport in Europe has remained very modest (less than 
3%). 

                                               
7  Moreover, intermodal barge transport accounts for only 5% of the total river traffic (Savy and Aubriot, 2005). 
8  At the moment about 35% of all import and export goods in Europe are transported in containers, but this 

share is likely to increase in future to 40% or 50% (De Vries, 2006). 
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A closer look at the present role of intermodal barge transport reveals that the barge transport 
volumes are still concentrated in a rather limited number of waterway routes and in very 
specific transport chains: container barge transport is predominantly a hinterland transport 
system focused on the land leg of maritime container traffic.  
It has been mostly developed between the seaports of Rotterdam and Antwerp and their 
hinterlands: internationally into Germany along the Rhine river and domestically, and, due to 
the close relation of container barge transport to deep-sea traffic, also as a mode for container 
feeder traffic between the ports of Rotterdam and Antwerp. The total volume of barge 
containers handled in these ports amounted about 5 million TEU (2,6 million TEU in 
Antwerp and 2,4 million TEU in Rotterdam). These volumes include about 900,000 TEU that 
was handled in both ports as a result of traffic between these ports. 
In container hinterland traffic of the port of Rotterdam and Antwerp barge has a share of 
about 30%, while the market share of road and rail transport is respectively 60% and 10% 
(Port Authority Rotterdam: www.portofrotterdam.com; Port Authority Antwerp: 
www.portofantwerp.be). However, the position of barge transport differs between the specific 
hinterland markets. In international transport, i.e. between Rotterdam and Antwerp and 
Rotterdam and Germany, the barge share is 50% (Ecorys, 2008). In the Rotterdam – Germany 
corridor it varies between 20% for short distance destinations up to more than 70% for the 
upstream located regions along the Rhine river. On the other hand, in domestic container 
hinterland traffic of Rotterdam the barge share is just around 20% (Ecorys, 2008).  
In other major container seaports in the Hamburg - Le Havre range, the role of barge is less 
profound. In the port of Le Havre the share of barge transport increased from 3% in 2000 to 
about 9% in 2007. The vast majority of these barge containers, estimated at 159,000 TEU in 
2007 (Port Autonome du Havre: www.havre-port.net/pahweb.html), are transported here 
along the Seine to the Paris region.  
In Hamburg the modal share of barge is just about 2%, which corresponded in 2007 with a 
volume of 95,000 TEU (Hafen Hamburg: www.hafen-hamburg.de). These barge containers 
find their way to the hinterland via the Elbe-river and the Elbe-Seite- and Mittelland-canal. 
The position of barge transport in Bremerhaven, which serves the same hinterland as 
Hamburg, is very similar (market share: 3%). 
Regarding the smaller seaports in the Hamburg – Le Havre range the position of barge in the 
port of Amsterdam is striking. Its moderate barge volume of 140,000 TEU represents a 
market share of 43% in hinterland transport. This strong position of barge transport is related 
to its recent establishment as a deep sea container port. Since the deep sea carriers that call at 
Amsterdam in particularly serve a number of large clients in the hinterland it enables to 
operate barge services to the hinterland (Overtoom, 2009). 
In the port of Zeebrugge, which substantially increased its importance as a container port over 
the last years9, the number of barge containers and market share of barge (0,6%) are 
negligible (Port Authority Zeebrugge: www.portofzeebrugge.be). The bad quality of the 
inland waterways connecting Zeebrugge to its hinterland plays a great part here. This is in 

                                               
9 Zeebrugge, recording a throughput of 2,2 million TEU in 2008, is the fifth largest container port in the 

Hamburg – Le Havre range, after Rotterdam (10,8 million TEU), Hamburg (9,7 million TEU), Antwerp (8,7 
million TEU) and Bremerhaven (5,5 million TEU). Amsterdam is ranked six, but its throughput volume is 
significantly smaller (435.000 TEU in 2008). 
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contrast to the situation in Vlissingen where the waterways to the hinterland are well 
developed, but its development as a container port is still in its infancy. 
Outside the Le Havre – Hamburg port range container barge transport in West-Europe has 
developed most notably in the hinterland of Marseille. Its hinterland for barge transport is the 
Rhone river corridor connecting the Lyon region with the seaport of Marseille. The 
transported volume of barge containers recorded 59,000 TEU in 2007, which counts for 6% of 
the total volume of container hinterland transport in Marseille (Port Autonome de Marseille: 
www.marseille-port.fr). 

The conclusion of this brief review is that container barge transport developed successfully in 
some specific corridors, but there is a great challenge to further increase its market share both 
within and outside these hinterland corridors. The rapid growth of container throughput of 
ports is putting pressure on the capacity of their hinterland infrastructure, in particular the 
road infrastructure. The roads around the port are already often clogged and the local air 
quality is deteriorating (Geerlings et al., 2007; Arnd, 2006). A much larger share of barge 
transport (and rail transport) in this hinterland traffic would improve the accessibility of the 
port10, and moreover, in a more sustainable way. On the one hand this modal shift may be 
desirable, but also creates huge challenges for barge and rail since these alternative modes 
must be able to cope efficiently with additional transport volumes. For instance, the port of 
Rotterdam has the ambition to achieve a 45% share of barge in container hinterland transport 
from the port areas Maasvlakte and Second Maasvlakte in 203311 (Bakker en De Bruin, 
2007). Its share at the present Maasvlakte area in 2007 was about 37%, while for the entire 
port of Rotterdam barge transport had a share of 30%. Although a growth from 37% to 45% 
market share in 25 years seems not spectacular, it would correspond with a tripling of the 
current barge volume to over 8 million TEU in 2033. Moreover, during the last five years 
barge transport was not able to increase its market share but rather experienced a fall back due 
to a bad performance of container barge handling in the seaport. Therefore increasing the role 
of barge transport substantially seems only achievable if the performance of the barge 
hinterland transport system is significantly improved. 
In addition to hinterland transport of containers – and other goods where barge already has a 
strong position12 – there is the continental freight transport market for intermodal barge 
transport, which has to be promoted. Cargo in this market has no direct relation with the 
seaport and since the technical necessity to transship goods between modes is therefore absent 
the use of load units in this market is limited.13 Compared to container hinterland transport the 
continental market is even more dominated by road transport. Although barge transport does 

                                               
10 Hinterland accessibility has also become of strategic importance for port competition, because containerisation 

has increased the geographical market coverage of  seaports and hence transformed the hinterlands of seaports 
from captive to contestable regions (see e.g. Notteboom, 1997; De Langen and Chouly, 2004). 

11 The vast majority (65%) of container handling in the port of Rotterdam takes place at Maasvlakte and when 
the enlargement of this port area (Second Maasvlakte) is finished in 2013, this port area will get an even more 
dominant position in container handling. 

12 For instance in the port of Rotterdam hinterland transport of other type of goods (i.e. liquid bulk, dry bulk and 
other mixed cargo) is dominated by barge transport, having a market share of 50%, followed by pipeline 
transport (29%), road transport (17%) and rail transport (4%). The different modes have in these hinterland 
transport flows a more or less captive position. 

13 As far as loading units are used, the dominant type in this market is the swap body, which can be defined as a 
preferred unit for road-only transport and is also commonly used in intermodal rail transport, but is unsuitable 
for intermodal barge transport, because it can not be stacked. 
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play a significant role in some segments of this market (see section 1.2) there remains a large 
potential market here where intermodal barge transport could compete with road-only 
transport. However, the barriers to open up this market for intermodal barge transport are 
more difficult to overcome than in the market for hinterland transport of containers. First of 
all, there is usually a need for additional truck haulage (pre- or post-haulage) compared to 
hinterland transport, which is a disadvantage for the cost competitiveness to truck-only 
transport. Secondly, since the cargo flows in continental transport are more dispersed than in 
hinterland transport it becomes more difficult to achieve sufficient large freight flows to set 
up intermodal transport services: the bundling of freight flows is a more critical task in 
continental intermodal transport. Last but not least, the fact that cargo must be loaded in load 
units can be a detrimental factor for continental intermodal transport, because it can mean a 
less efficient use of loading capacity compared to the loading capacity of trucks in road-only 
transport. 

Considering the potential contribution of inland waterway transport to more sustainable 
freight transport, its strategic importance for transporting containers into the hinterland of 
seaports and the very limited possibilities for market expansion by traditional barge transport, 
there is a great challenge to expand its role in the intermodal freight transport market. Based 
on these observations the central research question in this thesis is as follows: 

What are the opportunities and conditions to increase the market share of intermodal 
barge transport in Northwest Europe? 

Increasing the market share of intermodal barge transport can be achieved by 1) improving its 
competitiveness in existing markets, i.e. the current transport services in the market of 
container hinterland transport, 2) penetration of barge transport in new geographical markets, 
i.e. expanding the geographical scope of container barge hinterland transport and 3) opening 
up the market of continental intermodal barge transport.  
In order to increase competitiveness in existing markets and to develop into new market areas 
the cost of intermodal barge transport should be reduced and/or the quality of services 
improved. Since intermodal barge transport is a chain process, consisting of barge services, 
transhipments at terminals and pre- and post truck haulage operations, these different 
processes should be part of the analysis. Barge service networks and terminals form the core 
of an intermodal barge transport system and its performance, but the pre- and post truck 
haulage will also contribute to the competitiveness of the intermodal barge transport system. 
Moreover, its competitiveness is ultimately also related to performances of its competitors, 
the road transport sector in particularly.  

These considerations give cause to elaborate the central research question along three main 
issues: 
1. Network design. 
2. Nodes. 
3. Competitiveness in chains. 
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Each of these issues is addressed by a specific research question: 

1. What are the major determinants for the performance of intermodal barge service 
networks and which kinds of networks are most promising to increase the market 
share of intermodal barge transport? 

2. What is the role of terminals in the cost and quality performance of intermodal barge 
transport and how can terminals contribute to a better performance? 

3. What are opportunities and threats to improve the competitiveness of intermodal 
barge transport at transport chain level? 

1.5 Scope and approach 

Intermodal freight transport is a research field that does not have a very long track record in 
scientific literature (see Bontekoning, Macharis and Trip, 2004). The rise of scientific interest 
in intermodal transport dates from the late 1980s when the intermodal transport industry 
matured and intermodal transport also started to gain policy interest. Despite this relative 
short space of time many studies have been carried out covering a variety of subjects related 
to the intermodal transport system. Besides the typical elements of the intermodal transport 
chain, i.e. short hauls by truck (pre- and post-haulage), the long hauls by train or vessel as 
well as the synchronisation of schedules of these hauls and transhipment, also other issues 
such as chain management and control, standardisation of equipment (e.g. load units), 
intermodal transport policy and planning and mode choice and pricing strategies have been 
subject of research.  
In reviewing the literature it can be observed that in particular intermodal rail transport, but 
also intermodal short sea shipping transport has received much attention. This contrasts 
sharply with the attention for intermodal barge transport. 
Considering that the different types of intermodal transport are faced with similar problems 
(i.e. a too low level of efficiency, profitability and competitiveness) and partly similar causes 
of these problems (see e.g. Konings, Priemus and Nijkamp, 2008), and given their comparable 
chain features (short hauls by trucks, long hauls by trains or vessels and transhipment), 
therefore first a brief general overview of literature addressing these chain features is given. 
Next, previous research that focused on the intermodal barge transport system is summarized. 

Substantive research has been carried out on service network design. Generally it refers to the 
main tactical issues and decisions relevant for transport service providers: the selection and 
scheduling of the services to operate, the specification of the terminal operations, and the 
routing of freight (see Crainic, 2000). For instance, decisions need to be made whether to 
offer a direct service from a particular origin to a destination or to move the freight indirectly 
through an intermediate terminal and consolidate flows from nearby origins or to nearby 
destinations. Crainic considers the service network design issue from a methodological 
perspective. He presents a review of service network design modelling and mathematical 
programming developments for network design. A more recent overview of the analytical 
models for service network design in freight transportation is provided by Wieberneit (2008). 
Others, e.g. Woxenius (2007), Kreutzberger (2008) and Konings and Priemus (2001) have 
dealt with this issue in a conceptual way. Woxenius (2007) presents a general framework for 
consolidation and routing principles in a transport network, which is based on the following 
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theoretical designs: direct link, corridor, hub-and-spoke, connected hubs, static routes and 
dynamic routes. These theoretical concepts are confronted with the rail network designs in 
intermodal practice. The work of Kreutzberger (2008) can be summarized as a systematic 
structuring and analysis of bundling networks for intermodal rail freight. In the end it looks 
for the directions of innovative intermodal rail bundling networks that are most relevant for 
improving intermodal efficiency and competitiveness. Kreutzberger also touches upon the 
role that terminals can play to support bundling of flows through the network. This function 
of terminals has been for the first time profoundly elaborated in the European research project 
TERMINET. In this project many studies on ideas for improving the performance of 
intermodal terminals have been reviewed (see Bontekoning and Kreutzberger, 1999). In 
addition, over the last decade a number of studies on intermodal terminals, rail terminals in 
particular, has been carried out (e.g. Ballis and Golias, 2002; Bontekoning, 2006; Rodrique, 
2008).  
The strong influence of the pre- and post truck haulage costs on the overall intermodal 
transport costs, and hence its competitiveness to the road-only transport, is confirmed in many 
studies (e.g. Morlok and Spasovic, 1994; Höltgen, 1996; Niérat, 1997, Nozick and Morlok, 
1997; Black et al., 2003; Resor and Blaze, 2004; Schwarz, 2006). However, its relevance 
stands in contrast to the rather limited amount of research devoted to this transport area (see 
also Kreutzberger, Konings and Aronson, 2006). Most studies have stressed the importance of 
the organisation of pre- and post haulage trips to influence its cost performance. For example, 
Walker (1992) and Morlok and Spasovic (1994) showed that substantial cost savings could be 
realised by either concentrating all traffic in one carrier or centralising the planning of pre- 
and post haulage trips. Transcare (1997) also emphasizes the effectiveness of central planning 
to reduce costs, but also points at opportunities to save time in the trips, which also 
contributes to costs reductions. In the work of Niérat (1997) pre- and post truck haulage is put 
into spatial perspective by the examination of the shape of the terminal service area and its 
size relative to freight characteristics. The ideas of Niérat have been further elaborated by 
Kreutzberger, Konings and Aronson (2006) in focussing on the relation between the cost 
performance of different kind of pre- and post haulage operations and transport landscape 
characteristics, i.e. the spatial and temporal pattern of transport volumes in a terminal service 
area. Building upon this work Konings (2008) discusses the meaning of the characteristics of 
a terminal service area for preferred land use policies to support the conditions for 
competitive intermodal freight transport. 

In reviewing scientific literature on intermodal barge transport the number of publications 
found is limited, and only a few deal with this topic in a comprehensive way. Macharis and 
Verbeke (2004) composed a handbook dedicated to intermodal barge transport. In this book 
they give a comprehensive overview of the general position of intermodal barge transport 
compared to road-only transport and describe the structure and the organisation of the 
intermodal barge transport sector in Belgium, including the development of terminals and 
service networks. A major issue discussed in their book is the optimal location of intermodal 
barge terminals for which an analytical tool is presented. This tool called LAMBIT (Locatie 
Analyse Model Belgische Inland Terminals) combines a transport demand analysis and a 
multi-criteria analysis (see also Macharis, 2000). 
The most comprehensive contribution to intermodal barge transport research that represents 
state-of-the-art work appears to be the thesis of Platz that was published in the summer of 
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2009. Platz investigated under which conditions barge transport could be more extensively 
and successfully implemented in continental transport chains in Europe. In assessing the 
market opportunities of barge transport he focussed on finding critical success and failure 
factors regarding innovative service development in continental intermodal barge transport. 
His scope of analysis included both the role of the logistical decision-makers of shippers and 
forwarders (micro level perspective), the transport/supply chain perspective (meso level 
perspective) as well as the influence of the political and institutional framework (macro level 
perspective). Based on studying successful and failed initiatives, Platz concludes that the 
following factors are crucial to implement barge transport services successfully: bundling in 
space and quantity (to benefit from economies of scale), backup transportation (to anticipate 
unreliability of barge transport when navigation is hampered), guaranteed lead times, easy 
intermodal transfer, complete transport-related service packages and the use of a load unit 
providing the capacity of a standard semi-trailer. 
Another major contribution to the theoretical knowledge on intermodal barge transport and 
container barge networks in particular is provided by Notteboom. Inspired by the spatial 
development model on rail networks, developed by Notteboom (2001), an analogical model 
has been constructed which describes how a container barge network could develop over time 
(Notteboom and Konings, 2004). The model distinguishes four phases in the historical growth 
pattern of the European container barge network, each with distinctive characteristics related 
to terminal development, barge service design, container volumes and market organisation. 
The model basically focuses on the growth, concentration and dispersion of inland container 
terminals in the network in connection to seaport system development. A recent extension to 
these theoretical thoughts has been provided by Fremont, Franc and Slack (2009). These 
authors highlight the repercussions that the development of barge service networks have on 
the organisation of hinterlands and on interport competition of seaports. Their model is 
applied to an empirical analysis of the development of intermodal barge transport in the 
French ports Le Havre and Marseille.  

The importance of organisational issues for the performance of intermodal barge (and rail) 
hinterland transport has been specifically addressed by Van der Horst and De Langen (2008). 
They emphasize the need for coordination in hinterland container transport chains. In this 
perpective Caris, Janssens and Macharis (2008a) did an exploratory research analysing 
whether cooperation between inland barge terminals may lead to denser freight flows and 
economies of scale to improve the performance of the hinterland network. 
The notion of the importance of cooperation between actors for network design has been 
elaborated by Groothedde (2005). He developed a design and evaluation tool for logistics and 
transportation networks in which participants collaborate, based on integral logistics costs, the 
service requirements of the users in the network, the type of collaboration and the possible 
economies of scale throughout the logistics network. To validate and test his methodology he 
used a hub network for intermodal barge transport of fast moving consumers goods on pallets 
throughout The Netherlands, known as the Distrivaart-project.14 Groothedde explicitly 

                                               
14 The aim of the Distrivaart-project was to develop a national transport network for pallet transport by barge to 

distribute consumer goods between the distribution centres of factories and supermarkets. Based on the 
positive results of technical and economic feasibility studies a pilot started (Groothedde and Rustenburg, 
2003), but this test was aborted because of insufficient cargo volumes and too high costs of pre- and end truck 
haulage as a result of too long trucking distances.  
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elaborates the role of the type and scope of collaboration between the participants as a factor 
influencing the feasibility of network solutions. His results show that the introduction of 
transaction costs in network optimisation can have a large impact on the network structure. 
Caris, Janssens and Macharis (2008b) have elaborated bundling concepts for container barge 
networks in the port of Antwerp. In order to realise a more efficient handling of barges in the 
port the effect of bundling flows is analysed. Based on the network concept proposed by 
Konings (2005) four bundling strategies for container barge transport have been investigated 
and compared with the current situation with respect to the operational characteristics of the 
network by using discrete event simulation. With this study the authors were able to 
demonstrate the potential efficiency improvements in the handling of barges at sea terminals. 
The improvement of handling container barges in seaports is also the subject of the thesis of 
Douma (2008). His research concentrated on the planning of barges visiting terminals, using 
the port of Rotterdam as a case of reference. Given the fact that a central planning system 
could be promising but has proved to be unacceptable for the parties concerned, Douma 
explored an alternative, so called distributed planning approach, that builds upon previous 
work in the APPROACH-project (Schuylenburg et al., 2003; Schut et al., 2004; Moonen et 
al., 2007). This approach is operationalized through a multi-agent system consisting of barge 
operators agents and terminal operator agents. In this system an interaction protocol is defined 
based on service-time profiles which supports an efficient negotiation between barge and 
terminal operators and enables to improve the planning of both types of operators. Douma 
succeeded in improving this intelligent planning system through enabling to plan in real-time 
and to deal with the dynamic nature of the problem.
In addition to this software-oriented solution for handling barges in the port several studies 
concentrated on ‘hardware’ solutions for the problem. Major studies in which the use of 
innovative equipment, i.e. barges and/or cranes, have been proposed include the Floating 
Container Terminal (Tutuarima, 1993), Automated Container Transhipment to Inland Vessels 
(Onneweer, 1995), Barge Express (Wijnolst et al., 1995; TRAIL, 1996), Rollerbarge 
(Huisman, 1995), the Floating Crane (Pielage et al., 2007) and the research and development 
programmes of INCOMAAS (INfrastructure COntainers MAASvlakte) (TRAIL, 1995a; 
1995b) and FAMAS (First All Modes All Sizes) (GEM Consultants et al., 1999).  
Furthermore there have been studies where orgware-oriented solutions, i.e. the re-organisation 
of handling barges in the seaport, have been leading. In addition to the already mentioned 
study of Caris et al. (2008), which focused on Antwerp, projects which cover this kind of 
ideas are Waterbakfiets (water carrier cycle) that was initiated by the study of RIL (1996) and 
was implemented, and the Container Exchange Point (CEP) study (RIL, 1997), which did not 
result into implementation. More recently studies into the so-called Container Transferium 
Rotterdam have been carried out (see e.g. Projectgroep Container Transferium, 2007; 
Froeling, 2008). This concept bears resemblance to the idea of the CEP, although the basic 
idea of this transferium is to give barge transport a role in the collection and distribution of 
containers to terminals in the port as a substitute for truck movements in order to reduce road 
congestion in the port. The first steps towards the development of this Container Transferium 
Rotterdam have been taken. Although basically it is now a terminal development project it 
also involves organisational issues. The importance of organizational arrangements between 
the actors in container barge transport to secure efficient hinterland access are further 
addressed by De Langen, Van der Horst and Konings (2006).  
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In contrast to barge handling in the seaports the handling of barges in the hinterland has been 
addressed less extensively. Relevant work that can be mentioned here include terminal design 
studies (e.g. Van den Wall Bake, 1998; Planco Consulting, 2000; Konings, 2000) and 
self(un)loading vessel projects (Savenije, 1997). Several of the studies mentioned above will 
be discussed later on in this thesis. 

In looking at the previous review many of the studies related to barge transport have focussed 
on specific parts of the intermodal barge transport chain. This thesis aims for an integrative 
and broader approach regarding the performance of the intermodal barge transport chain. It 
addresses the relations between the performances of the links in the intermodal barge 
transport chain and their meaning for the competitiveness to other modes. As such this thesis 
research builds upon the work that was carried out in the European Research project 
Terminals and Networks (TERMINET) running from 1997 to 2000. This project focussed on 
innovative terminals for the exchange of intermodal load units and their performances, and on 
the bundling of flows through the network (see Trip and Kreutzberger, 2002; Konings and 
Kreutzberger, 2001; Vleugel, Kreutzberger and Bontekoning, 2001 and Bontekoning and 
Kreutzberger, 1999). 
This thesis can therefore be defined as a system analysis of intermodal barge transport. The 
scope of such an analysis can range from very wide to rather narrow, dependent of the system 
definition (Jensen, 2008). In this thesis the system consists of the elements that enable 
intermodal barge transport operations, i.e. an infrastructural network of links and nodes and 
transport units (barges and trucks) to move containers along the links through nodes 
(terminals) from/to shippers/consignees. In other words, it covers the three chain activities of 
barge transport, transhipment and truck haulage from an operations perspective and considers 
their relevance for the improvement of the performances of the intermodal barge transport 
system and its competitiveness to other modes. Evidently, other subjects such as issues related 
to the labour market (e.g. the access to the profession and working circumstances including 
regulations about rest time, crew size and crew composition), the fiscal climate (e.g. 
investment subsidies for vessels and terminals) and technical, safety and environmental 
requirements and regulations for inland shipping will have impact on the competitiveness of 
container barge transport, but are not in the scope of this thesis. 
Intermodal barge transport is defined here as combined transport of containers by inland 
vessels and trucks. Throughout this thesis the term ‘barge transport’ is used as a synonym for 
‘inland waterways transport’. Although the thesis is focussed on container transport, the 
results will have a broader validity and, under certain conditions, also hold for transport of 
other intermodal load units (e.g. swap bodies, pallets).  
From a geographical perspective this thesis deals with barge transport in Northwest Europe. 
That is to say, case studies which have been carried out represent cases in this part of Europe. 
Since the presence of waterways is a pre-condition to increase market share of barge transport 
and by far the most waterways are found in Northwest Europe, this region is an interesting 
study area. Nevertheless, the ideas developed in this thesis to improve the intermodal barge 
transport system are intended to have a more universal validity for parts of the world with an 
advanced economy. Local conditions, however, may have an influence on the viability of 
innovations regarding intermodal barge transport, as shown by Van Binsbergen, Van der 
Horst, Konings and Veenstra (2009). 



18 Intermodal barge transport: network design, nodes and competitiveness 

Considering the central research question in this thesis the analysis of the intermodal barge 
transport system has been carried out mainly from an economic perspective. The thesis 
includes both business economic and micro-economic analyses. The transport engineering 
perspective is considered as a relevant discipline to design and evaluate technologies that may 
support improvements in the cost and quality performance of intermodal barge transport 
services, but this engineering approach is not profound in this study. In reviewing and 
addressing new technologies, i.e. terminal concepts, the conclusions and recommendations 
refer to the functional requirements rather than the technical design or the technical 
specification. 

Throughout the thesis several types of research were applied and consequently a multitude of 
sources were used. This is partly caused by the fact that this thesis consists of selected 
independent research papers of which some have been written based on defined research 
projects (see section 1.6). 
A conceptual and analytical framework for barge network design has been developed. To 
apply this theoretical model, cost models have been constructed to analyse the performance of 
different barge service networks. Regarding terminals their cost structure has been elaborated. 
Other cost models have been built to compare the costs of an intermodal barge transport 
concept with other modes and to evaluate the competitiveness of this concept. Data for these 
models were obtained from statistical offices, branch organisations, articles in professional 
journals, consultancy reports and through contacts and interviews with people from 
companies involved in the daily business of transport. One of the analyses that deals with the 
profitability of the container trucking industry has a strong theoretical approach: micro-
economic theory is used to explain and illustrate the behaviour of this transport industry in 
practice. Finally, some of the papers can be characterized as the result of explorative research. 
New concepts are presented and explained, but the claims made in these papers are based 
upon limited empirical data or even lack any empirical test. This approach mainly applies to 
the papers ‘Hub-and-spoke networks in container barge transport’ and ‘Integrated centres for 
the transhipment, storage, collection and distribution of goods’. Certainly more research is 
needed here. 

1.6 Outline of the thesis 

The thesis consists of a collection of related research papers on the issues of network design, 
nodes and competitiveness. The thesis is structured according to these main lines and consists 
of three parts, each dealing with one of these themes. Basically each paper addresses one 
particular research issue, but due to the mutual relationship between network design and 
nodes the papers in these clusters are not entirely limited to just one issue. This holds in 
particular for the cluster of papers dealing with the issue of competitiveness of chains, where 
the perspective on the performance of container barge transport is broadened and ultimately 
extended to a discussion on the perspectives of the performance of its direct competitor: the 
container road transport industry. The fact that the papers in chapter 2 to 10 were written as 
independent publications also explains some unavoidable overlap in the individual chapters 
and some lack of coherency between the chapters. In addition, small differences occur in the 
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spelling and reference style of the chapters. This reflects the preference of the journal in 
which the papers were published or were accepted for publication. 

1.  Network design: What are the major determinants for the performance of intermodal 
barge service networks and which kinds of networks are most promising to increase the 
market share of intermodal barge transport? 

A service network is actually the artifact or production model of transport services. It 
expresses how transport services are operated or scheduled and routed. The volume, spatial 
and time patterns of transport flows play a central role in the design of a service network. This 
suggests that a relation exists between preferred service network and type of transport market. 
It is important to clarify this relationship. Understanding this relationship enables to 
recommend which type of barge services could be best implemented, given the characteristics 
of the transport market, in order to capture market share. 
Chapters 2 to 4 are devoted to this issue of network design. It starts with a chapter in which a 
theoretical framework for barge network design is developed. This framework presents a 
definition of performance indicators and design variables for barge transport service networks 
and it demonstrates the relationship between design variables and performances. Next in this 
chapter this model is empirically applied in a case study to demonstrate the potential 
improvement in the performance of barge transport services as a result of revising the service 
network. The subsequent chapters covering this research issue go on to present and analyse 
different types of barge service networks.  
Chapter 3 investigates the opportunities to develop container barge transport on small 
waterways and particularly addresses the option of developing the trunk-feeder service as a 
promising type of service network to open up new geographical markets for container barge 
transport.  
Chapter 4 explores the conditions and implications for operating hub-and-spoke service 
networks in container barge transport. The typical cost, service and geographical 
characteristics of hub-and-spoke networks are discussed and illustrated with examples for the 
airline industry, which has a rich history in hub-and-spoke networks research and 
applications. These general features of hub-and-spoke networks are used as a framework to 
explore the feasibility of hub-and-spoke networks in container barge transport. 

2.  Nodes: What is the role of terminals in the cost and quality performance of intermodal 
barge transport and how can terminals contribute to a better performance? 

This question on the one hand addresses the issue of transhipment costs and possibilities to 
reduce these costs, as these costs seem inherent to the characteristics of intermodal transport, 
while on the other hand it refers to opportunities of quality improvement in exploring possible 
additional functions of terminals. In elaborating this question we can deal with the role and 
position of an individual terminal, but the issue can also be addressed at a broader 
geographical level. In that case it is more appropriate to speak about nodes. 
This cluster of papers, which focus on the issue of nodes, starts with a paper that discusses the 
possibilities to improve the handling of barges in the port of Rotterdam (chapter 5). This 
paper considers the node at the geographical level of the port area of Rotterdam. It elaborates 
the idea to improve the handling of barges through a re-organisation of the barge services. 
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This paper underlines the possible contribution of service networks to improve the handling 
of barges.  
Chapter 6 zooms in at the level of the terminal processes and the performance of terminals. 
The future requirements of barge terminals to improve their performance are explored and 
innovative barge handling concepts are assessed.  
The next paper, chapter 7, is devoted to a concept, which addresses the importance of a spatial 
and functional integration of container-handling activities with the storage and collection and 
distribution of goods as a way to establish a high-quality intermodal transport solution.  

3.  Competitiveness: What are opportunities and threats to improve the competitiveness of 
intermodal barge transport at transport chain level? 

In the elaboration of this research question the possible contribution of barge service networks 
and terminals to improve the competitiveness of intermodal barge transport are put in a 
broader perspective. Ultimately the performance of the whole transport chain plays a decisive 
role for the competitiveness of intermodal barge transport compared to road only transport. 
This perspective is elaborated in chapter 8 and 9. 
Chapter 8 examines at which geographical level intermodal transport services can be 
competitive to road-only transport. It discusses the possible degree of market coverage by 
intermodal transport, which touches on the issues of the density (intricate structure) of 
intermodal networks, the scale of intermodal terminals and the size of the terminal service 
areas for pre- and post truck haulage. Since pre- and post-haulage by truck is usually 
unavoidable, due to the limited coverage of the network of waterways, it is important to 
understand the relevance of these haul operations for the performance of the intermodal barge 
transport chain. In discussing the relations between network, terminal and pre- and post truck 
haulage operations the chapter deals with the question to what extent synergies or trade offs 
between these chain activities can emerge. 
Many of the general notions on transport chain performance discussed in chapter 8 are 
elaborated and applied in chapter 9, in which a special intermodal barge transport concept is 
examined and its competitiveness to other transport systems, including road transport, is 
tested.  
In general the competitiveness of the intermodal barge transport system will not only be 
determined by its own performances but by the performances of other modes as well. Other 
modes, such as road transport, are also continuously aiming to improve their performance to 
gain market share from the competitive modes. From this perspective the final paper (chapter 
10) investigates the low level of price setting in the container trucking industry, which 
– although an external factor for the barge transport industry – is an important issue for the 
competitiveness of intermodal barge transport.  

Finally in chapter 11 the main results of the research are brought together to answer the 
central research question of this thesis and to reflect on the research results. The chapter 
summarizes the conclusions of the selected papers, draws the general conclusions and gives 
an outlook on policy and research implications. 
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Abstract 

Over the last decade intermodal barge transport has been very successful in gaining market 
share in Northwest Europe. The barge sector has been able to cater very well to the ever-
increasing demands of shippers. It is now a leading mode of transport along the major river 
corridors and is opening new geographical markets. These successful developments are due to 
the beneficial cost-quality features of intermodal barge transport compared to its main 
competitor unimodal road transport. However, to remain competitive in existing markets and 
to expand into new market areas the cost-quality features of intermodal barge transport must 
be improved. Network operations are important to influence the cost quality performance. 
Which barge network operations provide the best performance, however, depends on the 
transport market to be served. This relation between barge network design, transport market 
and the performance of intermodal barge transport is the central issue of this paper. A general 
framework for barge network design is presented which describes the design variables for 
barge networks and shows their relationship to the performance indicators of intermodal barge 
transport. Given the quantitative relations between the design variables for barge networks it 
is possible to assess the performance of different types of barge networks for different 
transport markets. This tool is empirically demonstrated in a case study on the Rhine river. It 
demonstrates that changing the network operations will lead to further improvement of the 
competitiveness of intermodal barge transport in this corridor. 
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2.1 Introduction 

In a relatively short space of time barge transport has become a well-developed mode for 
transporting containers in Northwest Europe. Initially potential customers considered barge 
transport too slow, unreliable, difficult to integrate into logistic chains and only useful for 
long distance transport. However, the introduction of fixed and regular sailing schedules, 
better terminal facilities and additional services such as container storage and the organization 
of drayage operations changed the interest in container barge transport considerably. Since 
then transport volumes in container barge transport have grown steadily. The barge transport 
sector has further adapted itself to the demands of shippers and the specific requirements of 
container transport through the development of larger vessels and vessels optimally-sized for 
the dimensions of containers. This has further improved the cost performance and boosted the 
growth of container barge transport since 1985 (De Vries, 2000). Over the last decade barge 
transport has shown annual growth figures of 10 to 15%.  
Due to the position and quality of inland waterways (rivers and canals) barge transport is 
concentrated in the North-western part of Europe. The Rhine river, with its tributary rivers, is 
by far the most important European waterway. The Rhine river connects Dutch and Belgium 
seaports to inland destinations in Germany and up to Switzerland (Basel) over a distance of 
900 km (see Figure 2.1). The river can be partitioned in three sections, which has operational 
backgrounds, but also reflects some quality differences of parts of the Rhine river. The Lower 
Rhine, covering the river basin between Rotterdam and Cologne (about 350 km), offers the 
best conditions. It can accommodate the largest motor vessels or self-propelled barges as well 
as push tug barge combinations with six barges in a tow (185 m length by 33.20 m width or 
260 m length by 22.80 m width). There are no locks and the minimum height under bridges is 
9.10 m. The Middle Rhine section covers the river basin between Cologne and Karlsruhe 
(about 330 km). The conditions on this section are comparable to those of the Lower Rhine, 
but from Mainz upstream some restraints apply to the size of vessels. The Upper Rhine 
section, covering the area between Karlsruhe and Basel (about 200 km) shows most 
restrictions, because of the presence of locks (11) and much lower minimum heights under 
bridges, which limits the load capacity of vessels. Despite of this, vessels with dimensions of 
110 m length and 11,40 m width can be accommodated. This type of vessel, which has a 
maximum capacity of 208 TEU (containers four high stacked), is still the most common used 
vessel type in Rhine barge transport, but the size range is gradually widening. 
Due to the high quality of the waterway and the fact that intermodal barge transport is still 
mainly related to deep-sea container traffic, container transport by barge has been mostly 
developed between the seaports of Rotterdam, Amsterdam (The Netherlands) and Antwerp 
(Belgium) and the hinterland along the Rhine river. In 2001, total container traffic on the 
Rhine exceeded 1.2 million TEU (Twenty feet Equivalent Unit). In this river corridor the 
market share of barge transport varies from 20% in the Lower Rhine river basin to 35% in the 
Middle Rhine river basin and around 70% in the Upper Rhine river basin. These market 
shares reflect the increasing competitiveness of barge transport to road transport on longer 
distances. The barge services are predominantly line network operations, connecting several 
terminals in the seaports with the terminals of a river section, i.e. the Lower Rhine, the Middle 
Rhine or the Upper Rhine.  
In addition to Rhine river transport, another major barge transport route exists between 
Rotterdam and Antwerp. In 1999 about 750,000 TEU were shipped between these ports. 
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These barge container movements, however, represent a different kind of market, since the 
flows are the result of feeder traffic between these mainports. 
For a long time these international traffic flows have set scene for the container barge 
transport market, but recently new geographical markets are now also being opened up (see 
Table 2.1). In particular in the Netherlands barge container transport has developed 
spectacularly, demonstrating that barge transport can also compete with road transport on 
much shorter distances than previously assumed. Gradually national container barge traffic is 
now also being developed in Germany, Belgium and France. The spatial distribution of the 
inland barge terminals for container transhipment along the European rivers and canals is 
presented in Figure 2.1. 
 

Table 2.1 Development of container transport by barge in major corridors/ markets 
(in TEU), 1994-1999 

 1994 1999 Growth (%) 
International Traffic:    
- *ARA ports- Rhine 600.000 1.025.000 70 
- Delta Region  
(Rotterdam ↔ Antwerp) 

400.000 755.000 90 

-Netherlands – France 
(Rotterdam ↔ Lille) 

n.a. 25.000 - 

    
National Traffic:    
- The Netherlands 70.000 525.000 650 
- Germany n.a. 67.000 - 
- France n.a. 55.000 - 

* ARA: Amsterdam, Rotterdam, Antwerp 
n.a.: not available  
- : not calculable 

Source: CCR; NEA/CBRB, 1995 

 
Despite the spectacular growth figures of container barge transport there are reasons to 
assume that its performance can still be increased. The rising transport volumes create 
opportunities for improvements in efficiency, but at the same time they call for actions to 
maintain the high cost-quality level of barge transport. On the other hand, expanding into new 
geographical market areas requires the development of transport services that can compete 
with road and rail transport. It is here that network operations play a part. The cost and quality 
of transport services are closely related to the network operations within which they run. 
Which networks are most favourable depend on the markets to be served. Obviously, markets 
with concentrated large transport flows will require different network operations than markets 
with dispersed small flows. 
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Figure 2.1 Location of container barge terminals in the European inland waterway 
network 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Notteboom, 2001 

 
In this paper we elaborate on network operations in barge transport and, in particular, we 
explain the relation between barge network design, the transport market and the performance 
of intermodal barge transport. In the second section a general framework for barge network 
design is presented, which describes the design variables for barge networks and shows their 
relation to the performance indicators of intermodal barge transport. A possible application of 
this framework is then demonstrated using the Rhine river as a case study. In the final section 
some general conclusions are drawn and some suggestions are given for some more complex 
network operations to be investigated in future research.  
 

2.2 Towards a framework for barge network design 

The attractiveness and success of container barge transport can largely be ascribed to the 
relatively low price of its services, made possible by low-cost operations. In order to 
maintain, and possibly improve, the cost level, two major factors need to be considered: the 
vessel size (scale of operation) and the circulation time of the vessel. However, the way in 
which they influence the costs differs. Improving the circulation time of a vessel can only 
lower the cost per load unit by reducing the fixed cost share, while increasing the scale of 
operation may result in a lower cost per load unit due to reduced fixed and variable costs per 
unit. 
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The scale of operation and the circulation time of a vessel are not independent decision 
variables for a barge operator, but are related to quality features, such as the frequency and 
transit time of services. In fact, barge operators have to trade-off costs and quality features as 
well as considering relevant external conditions, such as the dimensions and quality of 
waterways. We will briefly explain the trade-off issues between costs and quality in relation 
to the vessel size and the circulation time.  

2.2.1 The vessel size  

In discussing the advantages and disadvantages of increasing the scale of operation, we will 
refer to three vessel sizes corresponding to loading capacities of respectively 90 TEU, 208 
TEU and 398 TEU. These vessel sizes are considered as representative of medium, large and 
very large vessels in container transport.   
The vessel size is determined by: 

Available transport volume. 
Cooperation / opportunities for bundling. 
Minimum service level: frequency of services. 
Fit of circulation times to sailing schedules. 

Available transport volume 
To recover the costs of a service a sufficient loading degree is required. A reduction of the 
loading degree, therefore, may have a significant influence on the cost-effectiveness of a 
service, due to the cost structure of barge transport. As most of the costs are fixed, a reduction 
in the loading degree will have a minimal effect on the costs, but a significant effect on the 
revenues (see Figure 2.2). Operators estimate the break-even loading degree to be 75%. This 
estimation is based on the present barge operations, which are characterized by rather long 
circulation times of vessels. If circulation times are improved the break-even loading degree 
will decrease. 

Figure 2.2 Relationship between costs, revenues and loading degrees in barge 
transport 

Figure 2.3 explains the relationship between vessel size and the annual transport volume for 
different transport frequencies. It shows both the annual transport volume required to achieve 
a loading degree of 75% (as a minimum value) and the maximum transport volume, based on 

revenues

75% 100%

costs

loading degree
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a loading degree of 100%. The conclusion is that, if available transport volume is small, it is 
better to use smaller vessels. 

Figure 2.3 Relationship between vessel sizes, annual transport volumes and transport 
frequencies (75% loading degree = minimum; 100% loading degree = 
maximum) 
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Cooperation / opportunities for bundling 
The required transport volume for using larger vessels could be achieved by operational co-
operation between barge operators. These collaborations have already taken place, especially 
in barge transport on the Rhine river. They are based on a vessel-sharing agreement, in which 
the barge operators can preserve their commercial corporate identity. In addition to this way 
of bundling flows, flows which feeder the trunk route may support an increase in the scale of 
operation.  

Minimum service level: frequency of services 
As can be seen in Figure 2.3, a theoretical trade-off seems possible between vessel size and 
transport frequency for a certain available transport volume. However, since shippers wish to 
have sufficient sailings per week a certain minimum frequency needs to be offered. Therefore, 
growth of transport volumes can be used first to increase the number of sailings and later on 
to increase the size of the vessel. This is a well-known strategy in the barge transport sector 
(Konings and Kreutzberger, 2001). 
If we assume a service level of five services per week, which conforms to the shippers’ 
requirements, annual transport volumes above 100,000 TEU might provide an argument for 
using a 398 TEU vessel rather than a 208 TEU. However, as Table 2.2 shows, it might be 
advantageous first to increase the transport frequency, because the difference in transport 
volume required between a 208 TEU vessel and a 398 TEU vessel is substantial. 
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Table 2.2 Transport volumes (in 1,000 TEU) for different vessel types with different 
frequencies (loading degree: 95%) 

Frequency per week 
208 TEU vessel 398 TEU vessel

5  100 200
6  120 235
7  145 270

Fit of circulation times to sailing schedules 
In addition to volumes and frequencies there is another consideration for choice of vessel size, 
i.e. the circulation time also known as roundtrip time. The circulation time is defined as the 
time between the departure of a barge at a terminal and the following departure of the same 
barge from that terminal. There is a preference for circulation times, which are a multiple of 
twenty-four hours, in order to keep regular sailing schedules i.e. the same departure time for 
every service. Circulation times usually include some idle time for barges to absorb possible 
delays and to keep the multiple of a twenty-four hour pattern. If the requirement for regular 
sailing schedules was dropped and so-called ‘future times’ operations could be introduced, the 
idle time within a circulation could be reduced. Consequently, the circulation time would 
decrease and the number of annual roundtrips could then be increased (see also Kreutzberger, 
p. 87 a.o.). The way in which a sailing schedule incorporates possible idle time of barges in a 
circulation time determines the reliability of barge services. 
Increasing the size of a vessel will increase the total loading/unloading time and therefore a 
large vessel will spend a greater proportion of time at the terminals. This may especially arise 
when more terminals need to be served in order to get the larger vessel filled. The circulation 
time will increase and it might become unfavourable to maintain an efficient sailing schedule. 
As a consequence, the number of possible roundtrips may decrease, which would have a 
negative effect on the transport costs per load unit.  

2.2.2 Improvement of the circulation time of vessels 

A reduction in the circulation time of vessels results in: 
cost savings because of better utilization of vessels. If more roundtrips can be made within 
the same period of time, the fixed costs are spread out over more transport services, 
therefore costs per load unit decrease. Since fixed costs are a major cost component in 
barge transport, this is an important factor in reducing costs. 
improvement in the transit time of vessels. If the circulation time is shorter, the transport 
time of a barge service also reduces.  

In general the circulation time of a vessel depends on: 
• sailing distance 
• sailing speed 
• duration time at the seaport 

- number of calls 
- average call size 
- handling time at terminals 
- waiting time at terminals 
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- opening times at terminals 
• duration time in the hinterland 

- number of calls 
- average call size 
- handling time at terminals 
- waiting time at terminals 
- opening times at terminals 

• agreements about time windows for loading and unloading 

Sailing speed and distance are important for the barge operator and the client of the barge 
service, the shipper, because together they determine the time required by the barge service. 
In reality, the possibilities of changing these variables are limited. It is unfavourable to 
increase the sailing speed substantially, because of an exponential increase of fuel costs.  
Duration time at the seaport and duration time in the hinterland are determined by the type of 
services, such as point-to-point services or line-services, because the type of service 
determines the number of calls and indirectly also the call size. On the other hand the duration 
time depends on the characteristics of the terminals involved – the capacity and quality of the 
equipment and opening times. The vessel size is also relevant here, because it influences the 
loading/unloading time of vessels.   
Agreements about time windows for loading and unloading enable terminal operators to plan 
their handling activities better and therefore get optimal utilization of terminal equipment. If 
vessel operators cannot meet these agreements, the duration time at a terminal may be 
extended. This is primarily a problem for seaport terminals such as in Rotterdam, where the 
planning of handling barges is still problematic. That means, if delays occur at one terminal in 
the port they will be transferred to the next.  
Figure 2.4 presents a framework of the factors that influence the performance of intermodal 
barge transport. This framework shows the determinants for the main factors, – the vessel size 
and the circulation time of vessels – and shows their relationship to the performance 
indicators of intermodal barge transport from both the barge operators’ and shippers’ 
perspective. This general framework can also be used as a tool to explain and evaluate the 
relation between barge network design, the transport market and the performance of 
intermodal barge transport. A simple application of this tool is empirically demonstrated in 
the next section. 
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Figure 2.4 Framework for barge network design 

2.3 Case study Rhine river: Rotterdam – Duisburg 

In order to demonstrate possible improvements in the performance of barge transport by 
redesigning barge networks, this section presents the results of a case study on Rhine river 
transport, concentrating on the link between Rotterdam and Duisburg. 

2.3.1 Data and results  

The data used reflects the situation before the DeCeTe and ECT barge terminals were merged. 
Located side by side in Duisburg, DeCeTe and ECT operated as independent terminal and 
barge operators. DeCeTe offered barge services between Duisburg and Rotterdam five times a 
week, Antwerp twice a week and Zeebrugge once a week. The services between Duisburg and 
Rotterdam were sold as direct services, i.e. point-to-point services, but vessels had to call at 
several terminals in Rotterdam. Services between Duisburg and Antwerp also called at 
Rotterdam. For all the Rotterdam and Antwerp services, DeCeTe used three vessels with 
capacities ranging from 120 TEU to 208 TEU. In addition, ECT offered four services per 
week between Duisburg and Rotterdam, with calls at Rotterdam Waalhaven and Rotterdam 
Maasvlakte. 
In general, both DeCeTe and ECT barge services had more or less the same sailing schedule: 
barges arriving at Duisburg in the morning and departing from Duisburg in the evening. By 
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way of illustration, Figure 2.5 shows the sailing schedule of the ECT services between 
Duisburg and Rotterdam. Two vessels, Ina (capacity 81 TEU) and Groenendaal (208 TEU 
capacity), were used to offer a service four times per week.  

Figure 2.5 Sailing schedule for barge services between the ECT-Duisburg terminal and 
Rotterdam 

Although the waterways between Rotterdam and Duisburg have hardly any restrictions on 
vessel size, the largest vessels that were deployed by ECT and DeCeTe were 208 TEU 
vessels. The transport volume between the seaports and the terminals of DeCeTe and ECT, 
90,000 and 30,000 TEU respectively in 1999, could very well explain the preference for 
smaller vessel sizes. Of course, some form of operational co-operation could have been 
beneficial, but did not occur. DeCeTe benefited to some extent from opportunities to bundle 
flows, since it combined services to Antwerp with those to Rotterdam. However, ECT 
envisaged an annual transport volume of about 180,000 TEU by 2005, which, combined with 
DeCeTe’s volume (90,000 TEU), would provide opportunities to increase the scale of 
operation whilst maintaining service frequencies that conform to the shippers’ preferences 
(see Figure 2.3).  
As Figure 2.5 shows the sailing schedules are based on vessels having a circulation time 
pattern of 72 hours. This leaves much room for improvement considering that the actual 
sailing time is about 33 hours for a roundtrip and the actual loading/unloading time for a 208 
TEU vessel is about 16 hours (8 hours in Rotterdam and 8 hours in Duisburg). Therefore if 
barge services could be changed to pure point-to-point services with minimal waiting times of 
1 hour at the terminal and including a sailing margin of 1 hour per direction, a circulation time 
of 53 hours could be achieved for a 208 TEU vessel. These kind of network changes would 
result into a circulation time of 44 hours for a 90 TEU vessel and 68 hours for a 398 TEU 
vessel. For regular sailing schedules, i.e. the same departure time for every service, the vessel 
size that leads to a cycle time close to a multiple twenty-four hours will be most attractive, 
because there will then be minimal idle time. For this particular scenario, the 90 TEU and the 
398 TEU vessel are therefore the most favourable sizes (see Figure 2.6). The 208 TEU vessel 
would give a very unfavourable cycle time, because of a large amount of idle time. Under 
these conditions there would be an incentive on the Rotterdam – Duisburg link to increase the 
scale of operation from 208 to 398 TEU vessels. Two of these large vessels could offer the 
same service level of four services per week as the two smaller vessels currently being used 
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by ECT. However, the transport volumes required for these 398 TEU vessels need to be 
present for maximum efficiency. 
To demonstrate the possible cost savings of increasing the scale of operation on the 
Rotterdam – Duisburg link, we calculated the costs for different vessel sizes based on a 
sailing schedule of two roundtrips per week (see Figure 2.7). From these calculations we can 
conclude that doubling the vessel size will reduce the costs per TEU by 20 – 30%. 

Figure 2.6 Relationship between vessel size and cycle time on the route Rotterdam – 
Duisburg, for an ‘ideal’ situation: pure point-to-point services and minimal 
waiting times at terminals 

Figure 2.7 Indicative costs per TEU on the route Rotterdam – Duisburg for different 
vessel sizes with varying transport volumes (i.e. loading degrees); 
circulation time: two roundtrips per week 

Considering the lengthy circulation time of 72 hours in the existing operations, we examined 
its components in more detail to evaluate the real possibilities for improvement. We observed 
that the duration times in the ports of Rotterdam and Duisburg are relatively long (20 hours) 
compared to the effective time required for loading/unloading a vessel (8 hours). As we 
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discussed, these time windows are a result of the desire to maintain the regular daily and 
weekly service pattern, but other circumstances also play a part. The duration time in 
Rotterdam includes a transfer between the terminals in the Waalhaven and Maasvlakte area 
(which takes 6 hours altogether) and, in addition, it offers time buffers for delays at terminals, 
which often happen. This problem of delays is increased by the fact that, usually, several 
terminals have to be called at. The negative impact on the circulation time of vessels of 
calling at a large number of terminals in the Rotterdam seaport is very well illustrated in 
Table 2.3. The large number of calls leads to small call sizes, increases waiting times and 
therefore extends the duration time in the port. As Table 2.3 shows, these facts hardly 
changed over the decade 1988-1997. 
 

Table 2.3 Handling characteristics of inland vessels in the port of Rotterdam 

 
Findings of GHR (1988) Findings of RIL/CBRB 1997) 

 
Average nr. of calls per trip 7,6 8,1 
Average nr. of moves per call 16,6 16,5 
Average time in the port 29 hrs 28 hrs 
Average call-time per trip 12 hrs 13 hrs 
Average move time per trip - 7,5 hrs 
Barge on time 30% 19% 
Barge too early - 43% 
Barge too late - 38% 
Moves per call 53% less than 5 containers 43% less than 6 containers 

Source: Savenije e.a., 1998 

 
The long duration time in Duisburg resulted from the desire for a regular service schedule and 
the aim to adjust the arrival and departure times of vessels to the preferences of shippers, i.e. 
receiving containers in the morning and dispatching containers in the late afternoon. Of 
course this results in long periods in which the vessels are idle, and this has a negative impact 
on the circulation time of vessels. The large time-window for unloading and loading in 
Duisburg was, to some extent, to be used for transhipping directly from truck to barge and so 
avoiding temporary stacking of containers on the quay and reducing the number of terminal 
handling activities. 
Due to the problems of calling at many terminals in the port of Rotterdam, we studied the 
effects of limiting the number of calls per vessel and changing the services into point-to-point 
services – direct services between Duisburg and Rotterdam Waalhaven and Duisburg and 
Rotterdam Maasvlakte. It revealed that the average vessel circulation time could be reduced 
by around six hours and the transit time of services to and from Rotterdam Maasvlakte on 
average by three hours. These results appeared insufficient to make these circulation time 
improvements effective for 208 TEU vessels, unless the performance of the terminals is 
improved or the regular sailing schedules are dropped (see Konings, 2000).  
To illustrate the effects different circulation times have on costs, calculations were made, 
varying the number of roundtrips per week (Figure 2.8). Increasing the current number of two 
roundtrips to three was found to lead to cost savings of 10 to 30%.  
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Figure 2.8 Indicative costs per TEU on the route Rotterdam – Duisburg for different 
number of roundtrips per week and varying transport volumes (i.e. 
loading degrees); vessel type: 208 TEU vessel 

2.3.2 Case study conclusions 

From the results the following conclusions were drawn: 
Increasing the scale of operation on the trunk route Rotterdam – Duisburg could reduce 
the costs by 20 – 30% per TEU. However, to satisfy a major condition of increasing the 
vessel size – sufficient transport volume to maintain the current service level – would 
require co-operation between the barge operators DeCeTe and ECT and a further growth 
of their joint transport volume. 
A reduction of the circulation time of vessels, which enables a vessel to make more 
roundtrips a year, appears to be a possible strategy to save on the fixed costs of barge 
transport, but can only be achieved under specific conditions: 
- In case of point-to-point services and minimum waiting times at terminals, the 

circulation time of a 90 TEU vessel could be improved to make an additional 
roundtrip per week (three roundtrips instead of two). The sailing cost savings amount 
from 10 to 30%. 

- Due to the time spent on the network between Rotterdam and Duisburg, comparable 
circulation time improvements for the 208 TEU vessel are only possible if the terminal 
handling time of vessels could also be reduced. This requires additional cranes and/or 
a new type of cranes with higher performance. 

The waiting times at terminals in the seaport Rotterdam are a very serious bottleneck to 
improving circulation time.  
The actual cost savings of improving the circulation time of vessels depend on the match 
within the sailing schedule of the vessel. However, as long as barge operators are 
confronted with highly unreliable, and therefore varying, duration times at terminals in 
Rotterdam, it is more interesting to aim for pure point-to-point services between Duisburg 
and Rotterdam, instead of considering additional (intermediate) terminals to optimize the 
circulation time within the sailing schedule. 
An additional advantage of improving the circulation time of vessels is a reduction in 
transit time. However, the real benefits of these savings and the possible time savings are 
limited in the current sailing schedules. 
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2.4 General conclusions 

In this paper we presented a conceptual model for barge network design which describes the 
design variables for barge networks and their relation to the performance indicators of 
intermodal barge transport from a shippers’ and operators’ perspective. 
With this model we explained that the vessel size and the circulation time of vessels are major 
factors for this issue. The vessel size and the circulation time directly influence the cost and 
quality performance of barge transport. However, these factors are determined by the network 
design, the transport market – to be characterized by transport volume and distance – and the 
waterway infrastructure reflected by the dimensions and quality of waterways, e.g. width and 
depth of waterways and the presence of locks and bridges.  
The relations between the variables in this model seem simple, but there are several 
interdependencies which makes it more complex. Firstly, the model shows the existence of 
trade-offs between the cost and quality of barge transport services, which are the result of a 
relation between the vessel size and the circulation time of vessels. Secondly, the network 
design, the transport market and the waterway infrastructure are not independent variables, 
but the decisions on network design are conditioned by the characteristics of the transport 
market and the waterway infrastructure. 
To generalize these findings, the framework for barge network design as we presented in 
section 2 can be transformed to a more general and summarizing diagram (Figure 2.9). 

Figure 2.9 Generalized framework for barge network design 

In the case study presented in this paper we considered a rather simple network: a line service, 
i.e. a service between Duisburg, Rotterdam Waalhaven and Rotterdam Maasvlakte, which we 
transformed into point-to-point services, i.e. Duisburg – Rotterdam Waalhaven and Duis- 
burg – Rotterdam Maasvlakte. This network adjustment showed considerable potential 
benefits, provided that some conditions are fulfilled. 
In a broader perspective some more complex network concepts are conceivable. These 
concepts can influence many transport services on the Rhine and therefore can have a large 
impact on the performance of barge transport. 
One of these concepts is uncoupling of the collection and distribution services in the port of 
Rotterdam from the trunk haul services to the hinterland. This implies that Rhine barges only 
have to call at one terminal in Rotterdam, so reducing their duration time in the port and 
consequently improving their circulation time. In the past some solutions for this typical 
network problem of the port of Rotterdam have been proposed, but have not been 
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implemented (Tutuarima, 1993; RIL, 1997). In view of growing barge traffic in Rotterdam 
and its effect on terminal waiting times, it would be worthwhile to reconsider such a network 
innovation. Another interesting innovation can be the development of a limited number of 
hubs (two or three) – possibly one for each Rhine region – which have direct services to 
Rotterdam and which are feedered by services to/from the other Rhine river terminals. 
Alternatively, there can be one main hub, which is feedered by a limited number of point-to-
point services to terminals upstream the Rhine river, that due to waterway restrictions can 
only be reached by smaller vessels. Such a network design can combine the scale advantages 
to the main hub with improvements of the circulation time of vessels to the hub and the 
terminals located upstream the Rhine river. Of course in these kind of network configurations, 
which imply an intermediate exchange of load units between barges, terminal operations 
become more decisive for the integral cost and quality performance of barge services 
(Konings, 2000). 
The model we presented here can be a useful tool to explore and evaluate some of these 
promising network reconfigurations for Rhine barge transport. Of course the model can also 
be applied for barge network design for other transport markets. 
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Abstract  

During the last decades the scale of operation in container barge transport has continuously 
increased in Europe. Large vessels producing lower operational costs per load unit have been 
the major cause of this trend and, since low costs have traditionally formed the competitive 
edge of inland shipping, this development has become a self-fulfilling process. Exploitation of 
these scale advantages has contributed to a strong position of container barge transport on 
large waterways in Northwest Europe. Along these transport axes barge transport has gained a 
substantial market share. The opportunities to develop container barge transport on small 
waterways have been highly overlooked and its development has also been discouraged by 
transport policies. However, to further increase the market share of container barge transport 
would require a penetration of new geographical markets. In this process the use of small 
waterways plays an important role. In this paper the possibilities to develop and improve the 
competitiveness of container barge transport on small waterways are discussed. In discussing 
these options special attention will be given to the role of adapted network operations as one 
of the promising strategies. It is shown that both technical and logistic innovations can 
provide interesting opportunities to develop container barge transport on small waterways. 
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3.1 Introduction 

In a time span of just thirty years container barge transport has developed into a full mature 
industry in Northwest Europe. Relative low cost operations, which are a traditional 
distinguishing feature of barge transport, formed the initial trigger to start container barge 
transport services. Since then the barge sector has continuously adopted new logistic concepts 
(including the provision of additional services) to further increase the attractiveness of 
container barge transport and with great success. A major element in the development strategy 
has been a continuous increase in the scale of operation in order to improve its comparative 
cost advantage. 
Initially vessels were operated with a capacity ranging from 24 to 54 TEU. In this period, the 
early seventies, vessels were not well equipped for container transport yet. Dimension of 
vessels were not attuned to the dimension of containers and vessels could only load two 
layers, because a movable cockpit did not exist. However, supported by increasing transport 
volumes in a short time of span the vessel size increased and container dimensions became 
decisive for the dimensions of new vessels to be built. In the mid eighties still many 
conventional vessels (80 x 9,5 metres; capacity: 70/80 TEU) were used, but soon the 
maximum allowed size of a Rhine vessel (110 x 11,4 metres) having a capacity of 208 TEU 
became the most common type of vessel for container transport on the Rhine river. In addition 
to conventional vessels, also push barge-vessel units (a motor vessel with one push barge) 
were introduced in the early nineties, raising the potential vessel capacity to even 400 TEU 
(De Vries, 2000). This trend of increased scale of operation has been more recently (since 
1998) reinforced by the emerge of some large vessels (135 x 17 metres; capacity: 398 TEU). 
In this category of very large vessels there are several vessels forthcoming now. In future 
even much larger vessels are expected to come. Serious ideas exist for a vessel of 135 by 20 
metres measuring 476 TEU (4 layers) or 560 TEU (5 layers). This vessel may be introduced 
in the market in 2006. In the long term even vessels having 800 TEU capacity seem 
conceivable. 
It is without doubt that cost advantages due to increased scale of operations has attributed 
substantially to the current strong position of container barge transport. In both the seaports of 
Rotterdam (The Netherlands) and Antwerp (Belgium) barge now has a share of about 35% in 
hinterland transport. These market shares are the result of a very strong position of barge 
transport at a rather limited number of waterway routes, the Rhine river in particular (see also 
section 4). There is still room for improvement on these major axes to gain market share and 
to expand the natural catchments area of barge transport along these axes. However, to further 
increase the market share would also require an expansion of the geographical scope of 
container barge transport. This is an interesting option to develop hinterland transport, but 
would be even more useful to open up the market for intermodal barge transport of 
continental cargo.  
The density of waterway networks is a basic requirement for a potential large geographical 
coverage, but it also requires possibilities to develop barge transport on small waterways in a 
competitive way. Consequently small vessels have to play a part in it.  

In this paper we will discuss the possibilities to develop and improve the competitiveness of 
container barge transport on small waterways. The paper is organised as follows. The next 
section gives a definition of a small waterway and presents the role of small waterways in the 
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inland waterway network in Northwest Europe. Then the current market position of small 
vessel is discussed in view of internal and external developments affecting the barge sector. 
The competitiveness of small vessels is discussed from a sector-wide perspective. After that 
the present role of small waterways in container transport is described. Based on these 
observations options to expand and improve container transport on small waterways are 
discussed. In this overview special attention is given to the strategy of adopted network 
operations. The paper ends with a brief evaluation of the different strategies. 

3.2 Position of small waterways in the European inland waterway 
network 

In West-Europe there is ample supply of inland waterways. The total length of the inland 
waterway network in the countries of the European Union amounts nearly 30.000 km, which 
is in sharp contrast with Central Eastern Europe measuring a waterway network of just 9.000 
km. Great differences also exist between the lengths of national networks. Table 3.1 presents 
the top 4 of West European countries. France (8473 km), Germany (6391 km) and The 
Netherlands (5046 km) have by far the largest waterway networks. It is also striking to notice 
that the Dutch network is relatively very dense, which gives the inland shipping sector in The 
Netherlands a comparative advantage. 

Table 3.1 Length and density of inland waterway networks 

Country Total length (km) Length per 100 km2

France 8473 1,1
Germany 6391 2,1
The Netherlands 5015 12,2
Belgium 1540 5,0

Source: AVV Transport Research Center, Ministry of Transport, Public Works, and Water Management 

In addition to a variation in length of networks there is also a wide range in quality or 
navigability of waterways between and within European countries. Differences in navigability 
are being indicated by an international standard waterway classification system developed by 
CEMT (Commission European de Ministres des Transport). The class of a waterway is 
determined by the horizontal dimensions (length, width) of a vessel or push barge 
combination. In view of the draught of a vessel, which relates to the horizontal dimensions of 
a vessel and which might be subject to local conditions, each waterway class can also be 
identified by a characteristic tonnage. The classification system covers seven classes (see 
Table 3.2). 
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Table 3.2 CEMT classification of waterways 

Source: AVV Transport Research Center, Ministry of Transport, Public Works, and Water Management 

According to general used definitions, small vessels are vessels with a tonnage less than 1.000 
tonne. This means that waterways for small vessels comprise waterway class I, II and III. 
According to the CEMT-classification these are so called waterways of regional importance. 
Based on the normative vessel dimensions of different waterway classes Table 3.3 gives an 
overview of the container capacity of vessels for different waterway classes. It should be 
noted that in container transport the minimum height under bridges is of special importance. It 
determines the number of layers that can be transported. In general small waterways suffer 
more from height restrictions. 

Table 3.3 Relation between waterway class and container capacity of vessels  

Waterway class - type of vessel Container capacity (in TEU)
length x width x height

II / III 6 x 2 x 2    = 24
Neokemp 8 x 2 x 2    = 32
IV 10 x 3 x 3   = 90
V 13 x 4 x 4 = 208
VI 17 x 5 x 4 = 340
Jowi/Amistade 17 x 6 x 4 = 398

Table 3.4 gives an overview of the share of different waterway classes for the Netherlands, 
Germany, Belgium and France. About 50% of all waterways in these countries consist of 
small waterways. In France the share of small waterways is even nearly 75%. These figures 
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demonstrate the importance of small waterways in strategies to expand the role of barge 
transport.   

Table 3.4 Length of waterway network by CEMT waterway classification (1999) 

Netherlands Germany Belgium France CEMT 
Classification Km % Km % Km % Km %

I 1156 23 707 11 348 23 1896 22
II 1251 25 247 4 248 16 4175 49
III 212 4 659 10 - - 414 5

IV 636 13 1499 24 520 34 86 1
V 1095 22 2173 34 142 9 296 3
VI 665 13 1106 17 282 17 1606 19
Total 5015 100 6391 100 1540 100 8473 100

Source: AVV Transport Research Center, Ministry of Transport, Public Works, and Water Management 

3.3 Erosion of the market position of the small vessel 

Since two decades the market position of the small vessel has been gradually eroded due to 
internal and external developments affecting the barge sector. 

Spectacular increase in scale of operations 
Motivated by economic triggers (reducing operational costs, improving competitiveness with 
other modes , acquiring new transport flows), and supported by legislation, there has been and 
there still is a continuous drive to increase the scale of operation. This trend has been 
accelerated by the spectacular growth of container barge transport. 
Figure 3.1 very well illustrates the general increase in scale of operations. During the last 
fifteen years the number of vessels in the Dutch fleet decreased by almost 25%, while the 
fleet capacity hardly changed. The number of small vessels (less than 1000 tonne) decreased 
by nearly 50%. 

EU scrapping policy (‘old-for-new’ regulation)
In 1990 a European scrapping policy was implemented to reduce the structural overcapacity 
in the barge sector and to encourage renewal of the fleet. This policy was extended with a so 
called ‘old-for-new’ regulation. Due to these policies relative many small vessels have been 
withdrawn from the market, which also reinforced the trend of increased scale of operation. 

Overdue maintenance of waterways 
In many countries, the Netherlands in particular, for many years maintenance of waterways 
has been highly neglected, because of limited budgets and high costs of improving 
waterways. Large waterways have been prioritized in investment and maintenance programs. 
Substantial improvements of small waterways failed to materialize. 
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Figure 3.1 Number and capacity of vessels in the Netherlands (active fleet) 

Number of vessels in active fleet Capacity of active fleet ( x 1000 tonne)

Source: Centraal Bureau voor de Statistiek (Central Office for Statistics in the Netherlands) 

Efficiency improvements of road transport 
Road transport has achieved considerable improvements in transport efficiency 
(improvements of utilization rates and reduction of empty hauls). As a result it has become a 
stronger competitor for, in particular, small vessels. In addition, a shift in commodity 
structure and changes in logistic requirements have also been more advantageous for road 
transport. This situation not only caused loss of market share in existing market segments, but 
also hindered entrance of new ones. Illustrative is that until recently it was assumed that small 
vessels could not compete with trucks in container transport. 

3.4 The present role of small waterways in terms of container transport 
volumes 

In a time span of thirty years container barge transport has developed into a very professional 
and mature transport industry. Its successful development is very well illustrated by the 
enormous growth of transport volumes, in particular since the mid eighties, showing annual 
growth figures of 10%. Total annual volume transported by barge in North-West Europe is 
estimated now at about 3 million TEU. 
From a geographical perspective it is clear that container barge transport is still a very port-
based system with a major role of Rotterdam and Antwerp and the Rhine river. In 2002, 
Antwerp handled a barge transport volume of around 1.7 million TEU incoming and 
outgoing. About 50% of this (850,000 TEU) was generated on the Antwerp-Rotterdam route. 
In Rotterdam the total number of barge handlings approached 2 million TEU in 2002 
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(Notteboom & Konings, 2003). In terms of modal split barge has a share in inland container 
transport of 31% for Antwerp and 43% for Rotterdam – Maasvlakte. In view of these volumes 
the role of barge transport in other European ports such as Hamburg and Le Havre (< 100,000 
TEU) is still very modest. 
Accommodating a transport volume of more than 1.2 million TEU the Rhine river is the most 
important barge route for Rotterdam and Antwerp. So roughly 40% of all container barge 
traffic in Europe is Rhine river traffic, about 30% is Rotterdam – Antwerp traffic and another 
30% is barge traffic which consists of more dispersed traffic, i.e. mainly port-related traffic to 
different inland destinations. The latter has been the most recent growth market and has been 
accompanied and facilitated by the emergence of many new barge terminals increasing the 
scope of container barge transport. 
In the development of barge transport on the Rhine and Rotterdam – Antwerp route the 
presence of large waterways (class VI) has played a major role, but due to new services to 
new inland destinations also smaller waterways have demonstrated their potential. However, 
as Figure 3.2 indicates the role of small waterways is still modest. 

3.5 Endeavours to develop container barge transport on small waterways 

In order to develop container barge transport on small waterways some opportunities have 
been elaborated in the past with different results.

3.5.1 Low-cost inland terminals 

Transhipment (and also pre- and end-haulage) costs have a substantial share in the total costs 
of intermodal container barge transport. Considering the cost structure of barge transport this 
is even more the case for barge transport on small waterways. Moreover conventional barge 
terminals require substantial transport volumes for a cost-effective exploitation.  
In 1998 a study was conducted into a barge terminal design which aimed to improve the cost 
performance of intermodal barge transport for small (continental) transport flows and so 
would contribute to a better use of small waterways. This design was focussed on low-cost 
and small-scaled operations. Characteristic features of this terminal included: 

Unmanned terminal (self-service terminal): the shipping crew performs crane operations 
and terminal transport (to reduce exploitation costs); 
Light-weight crane; 
Cheap quay facilities / shore protection; 
Stacking on wheels: decoupling of terminal processes and truck visits; 
Scalable for larger transport volumes (introduction of terminal staff, re-organisation of 
terminal processes). 

Total investment costs of this terminal are estimated at 50% of the costs of a conventional 
barge terminal, which provides favourable conditions to develop competitive barge transport 
services. 
The feasibility study of this terminal concept was promising (Van den Wall Bake, 1998). Far 
advanced plans for a pilot existed, but because co-finance of the government was cancelled 
market actors withdrawed. 
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Figure 3.2 Container barge transport flows in relation to waterway infrastructure 
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3.5.2 Adapted vessels 

Self-unloading vessels 
To achieve a high level of flexibility in possible locations for (un-)loading container vessels, 
independent of transport volumes, self-unloading vessels would be pre-eminently suitable for 
rather small-scaled and dispersed container transport. In the past several studies into self-
unloading vessels have been conducted, in which different technical designs have been 
elaborated (Savenije, 1997; Willems; 1998). Such vessels are technically feasible, but the 
economic feasibility is questionable. The crane on board consumes space at the cost of, 
already limited, loading capacity. 

Neokemp 
To overcome the unfavourable characteristics of the existing fleet of small (waterway class 
III) vessels to transport containers, a new type of vessel within this class was introduced in 
2000 by the Dutch company Neo Logistics Services. In this type of vessel, called Neokemp, 
the following innovative characteristics have been implemented: 

The cockpit is located in front of the vessel, which reduces the required height of the 
cockpit; 
Optimal use of space to maximize loading capacity. At dimensions of 63 by 7 metres its 
capacity is 32 TEU (two layers); 
A large motor power provides the vessel a relative high speed. 
Two propulsion propellers and a bow thruster are installed, which make the vessel very 
manoeuvrable. 

This design has shown its effectiveness and has given a new dimension to barge container 
transport. However, the present role of the Neokemp in the container barge transport market 
should not be overestimated. The total fleet of Neokemps now consists of nine vessels. The 
Neokemps are not exclusively being used for transport on small waterways, but generally they 
are operated in rather short-distance services. 

Push barge concepts 
There is a wide range in the dimensions of existing barges. In addition, the investment costs 
of barges are relatively low and the exploitation risks are limited. This provides interesting 
opportunities to use barges having dimensions perfectly matched with the dimension of 
waterways. So barges are very suited to offer tailor-made solutions, which can be useful to 
develop transport on very specific waterway routes.
Examples are found in France (Lille) and the Netherlands (province of Brabant). Initiated by 
the port of Lille a special container barge has been implemented for transport services in 
Northern France. This push barge measures 95 by 9,60 metres and including the push boat the 
length of this transport unit is 110 metres. Transport capacity of this new barge is 78 TEU 
(with two layers containers), which is an increase of 40% compared to the equipment that 
could be used in this region so far. 
In the Netherlands experiments with using barges on the canals of Brabant have been carried 
out to test and demonstrate possible increases of scale on these small waterways. 
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3.6 Alternative strategies: revision of network operations 

Instead of offering direct barge services to destinations along small waterways, it may be 
interesting to change such a service into a trunk-feeder service. Such a service assumes that 
the feeder service is implemented at the small waterway and connects to the trunk service 
which is offered at a large(r) waterway. This network design offers potential cost advantages 
on both the trunk and feeder part of the route through a better utilisation of vessels. 
In general the productivity of a vessel depends on the distance about which services are 
offered. At increasing distances the vessel productivity decreases, but this affects the 
performance of a small vessel in particular. Although small vessels have shorter roundtrip 
times than large ones, this advantage is at increasing distances increasingly cancelled out by 
scale advantages of large vessels. Therefore small vessels will be most economically 
implemented on rather short distances. This supports the presumption of a useful role of a 
small vessel in the feeder part, i.e. the short distance section, of a trunk-feeder service. 
Possible cost advantages on the trunk route can be achieved by additional transport volumes 
generated at the feeder route, which enables economies of scale15 that can be made possible 
because of good waterway conditions on the trunk section of the barge service. Evidently, 
these cost advantages not only accrue to containers with destinations along the trunk route, 
but also to containers destined for terminals along the feeder route.  
Due to an additional transhipment from the trunk to feeder route some of these costs savings 
will be absorbed, but the net benefit might be an improvement of the total cost performance of 
barge services.  

3.6.1 Numerical example 

The potential benefit of substituting a direct service into a trunk-feeder service might be 
illustrated by an example. Let us assume a waterway route between A and C of 300 km 
length, which covers a section of 250 km of class V waterways and a section of 50 km which 
can only accommodate vessels of class II/III waterways. The 50-km section is a branch of the 
larger class V waterway. Both waterways come together at point B, where a terminal is 
located.16 At the small waterway, vessels can load containers in only two layers. A service of 
at least three times a week should be offered between point A and C to comply with the needs 
of clients, i.e. shippers. Vessels can be hired on the spot on a per-journey basis because of 
abundant vessel capacity in the market. As a result vessel costs are determined per journey. 
Vessel costs are deduced from an average annual performance. The costs include the 
following cost categories: 
- Personnel costs; 
- Material costs: capital costs (depreciation, interest), insurance, 50% of repair and 

maintenance costs (50% is assumed variable costs), miscellaneous (certificates, 
communication etc.); 

- Fuel costs; 
- Repair and maintenance costs (variable part). 

                                               
15  Instead of increasing the size of operation the additional transport volumes originating from the feeder route 

could also be used to increase the frequency of services on the trunk route. 
16  The presence of a terminal exactly at the crossroads of waterways is not a must. A terminal located along the 

large waterway at some distance form the branch could still facilitate trunk-feeder services.  
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Considering the restrictions regarding vessel size on the last 50 km of the journey to reach 
point C, it can be assumed that a Neokemp is used to offer direct services between A and C at 
a frequency of three times a week. Figure 3.3 shows the indicative costs of this service for 
varying annual transport volumes. Costs per load unit (TEU) decrease continuously at 
increasing transport volumes until the maximum capacity of a Neokemp with a frequency of 
three times a week is reached. Larger annual transport volumes require additional sailings, i.e. 
an increase in the service frequency. As Figure 3.3 shows, this increase influences the cost 
level. 

Figure 3.3 Transport costs of direct services (costs per TEU) 

In contrast, a trunk-feeder service can be considered in which a Rhine vessel operates between 
A and B and the Neokemp operates only between B and C. The frequency should remain 
three times a week. It is assumed that containers cannot be directly transhipped from the 
Neokemp to the Rhine vessel, but must be temporarily stacked at the quay, and that the 
average loading degree of the Rhine vessel at the route between A and B is 80%. This loading 
degree reflects the transport volume generated by B and C together. In Figure 3.4 the 
indicative costs of both the direct and trunk-feeder service are represented. The costs per load 
unit (TEU) are lower in a trunk-feeder service, independent of transport volumes. However, 
the cost advantages are much larger in case of small transport volumes. 
The benefits of a trunk-feeder service will be greater if transhipment costs can be reduced by 
board-to-board transhipment, which saves one handling. In addition, the loading degree on the 
route A and B can be higher if B generates a large transport volume itself and if it can benefit 
from the additional volumes generated at C. Figure 3.5 contrasts the costs between a direct 
service and a trunk-feeder service under these more favourable conditions. 
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Figure 3.4 Transport costs of direct and trunk-feeder services (costs per TEU) 

Figure 3.5  Transport costs of direct and trunk-feeder services (costs per TEU) 
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The potential benefits of a trunk-feeder service also depend on the configuration of the trunk-
feeder network. Figure 3.6 shows a cost comparison between a direct and a trunk-feeder 
service, where the trunk route is 100 km and the feeder route is 50 km. In this situation, the 
cost advantages on the trunk route are insufficient to compensate for the additional handling 
(transhipment) costs. 

Figure 3.6 Transport costs of direct and trunk-feeder services (costs per TEU) 

3.6.2 Practical experiments: Rhein-Westfalen Shuttle 

A good example of a situation in which the trunk-feeder model is being tested is the Rhine 
Westfalen Shuttle. It consists of a feeder service connecting Dortmund with Duisburg/Krefeld 
(distance: 47 km), which offers direct access to trunk (container shuttle) services from 
Duisburg/Krefeld to the seaports of Antwerp and Rotterdam (distance: 240 km). 
Although market studies indicate at considerable container transport volumes between the 
region of Dortmund and the Benelux seaports, barge transport has never been seriously 
developed so far. Dortmund is located along the Rhine-Herne canal which can accommodate 
class V vessels, but vessels only can load two layers because of low bridges. So the loading 
capacity is restricted to 50% of its maximum capacity. 
In view of potential transport volumes, barge operator CCS and Duisburg Container 
Terminalgesellschaft (DeCeTe) started this new container service on the Rhine-Herne canal 
last year. In this feeder service a vessel having a maximum capacity of 108 TEU (effectively 
54 TEU) has been implemented, that offers two sailings per week to Duisburg and one to 
Krefeld. At these terminals containers are transferred to barge shuttle services to the port of 
Rotterdam and Antwerp, possibly by board-to-board transhipment, otherwise through 
temporary quay stacking. 

25

50

75

100

125

150

1500 4500 7500 10500 13500 16500

Transport volume (TEU)

C
o

st
s 

(E
u

ro
)

Direct service (Neokemp)

Trunk-feeder service (Neokemp + Rhine vessel)

Total distance: 150 km

Trunk route: 100 km

Feeder route: 50 km

Indirect transhipment

Loading degree trunk service: 80%

25

50

75

100

125

150

1500 4500 7500 10500 13500 16500

Transport volume (TEU)

C
o

st
s 

(E
u

ro
)

Direct service (Neokemp)

Trunk-feeder service (Neokemp + Rhine vessel)

Total distance: 150 km

Trunk route: 100 km

Feeder route: 50 km

Indirect transhipment

Loading degree trunk service: 80%



58 Intermodal barge transport: network design, nodes and competitiveness 

The Rhine-Westfalen shuttle has been initiated as a 3-year pilot and is financially supported 
by the regional government of Noordrijn Westfalen in the framework of a modal shift policy. 
So far the loading degree of the vessel varied on average between 45% and 65% (24 – 35 
TEU per trip), but according to CCS/DeCeTe it should become around 80% to be profitable. 
During its first year of operation about 5,000 TEU were transported. Planned volumes for 
2003 and 2004 are 10,000 and 15,000 TEU respectively. 
In addition to the Rhine-Westfalen shuttle in Germany other examples exist of endeavours to 
develop barge transport on tributaries of the Rhine by implementation of trunk-feeder 
services, e.g. on the Neckar river. 

3.7 Conclusions 

In this paper we have addressed the challenge for the container barge sector to increase its 
market share by increasing its geographical scope. Since many years container barge transport 
has been a strong growing business, but due to a strong focus on increasing the scale of 
operation container barge transport has been mainly developed on large and middle-sized 
waterways. The opportunities to develop container barge transport on small waterways have 
been highly overlooked and its development has also been discouraged by transport policies. 
Considering that about 50% of all waterways in The Netherlands, Belgium, France and 
Germany consist of small waterways this indicates on a potential large market to further 
increase its market share. For reasons of accessibility small vessels obviously have to play an 
important role in opening up these new geographical markets. This strategic role of small 
vessels is more and more recognised and has resulted in new vessel designs better adapted to 
current customer needs and to the dimensions of waterways. Some recent projects with 
revised small vessels might here act as an example and stimulus for wider implementation. 
However, in addition to this technical solution we have argued the opportunities for logistical 
solutions to develop and improve the competitiveness of container barge transport on small 
waterways, i.e. the revision of network operations.  

We have shown that substituting a direct barge service into a trunk-feeder service can 
improve the cost-quality performance of barge services to destinations along small 
waterways. However, there are many factors, which influence the network performance. The 
network configuration, i.e. the length of the feeder route related to the length of the trunk 
route, is an important factor. However, in addition to available transport volumes, there are 
many other external conditions (e.g. sailing speed regulations, presence of locks, height 
restrictions under bridges, terminal performance) and operational decisions (e.g. type of 
vessels used, service frequency and schedule, possibility of board-to-board transhipment) that 
influence the performance. Therefore the evaluation of the commercial feasibility of a trunk-
feeder service to open a small waterway requires a tailor-made approach. 
So far the trunk-feeder service concept for container barge transport is still rare, and, if 
applied, it is not really used for small waterways. Considering the potential benefits it would 
be worthwhile to further elaborate this concept for small waterways. 
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Abstract 

Container-on-barge transport has developed very successfully in Europe during the last two 
decades, but this transport business has been primarily focused on maritime container flows 
and therefore developed as a typical hinterland transport system. This paper postulates that to 
increase the market share of container-on-barge transport, and in particular to open up new 
geographical markets, would require new types of transport services in addition to the existing 
line and point-to-point barge services. The central question this paper deals with is whether 
hub-and-spoke services could be a fruitful tool to improve the performance of container-on-
barge transport and so to gain market share. The typical cost, service and geographical 
characteristics of hub-and-spoke networks are discussed and illustrated with examples from 
the airline industry that has a rich history in hub-and-spoke research and applications. These 
general features of hub-and-spoke networks are used as a framework to explore the feasibility 
of hub-and-spoke networks in container-on-barge transport. The conditions and implications 
of operating these networks in barge transport are discussed. The discussion indicates that a 
hub-and-spoke network can result in efficient barge services, because it can make a vessel 
most productive through optimized sailing schedules and more efficient use of vessel capacity 
in case of differences in waterway dimensions. A major precondition however is a cheap, fast 
and reliable exchange of containers in the hub terminal. 



62 Intermodal barge transport: network design, nodes and competitiveness 

4.1 Introduction  

In a relatively short space of time barge transport has become a well-developed mode for 
transporting containers in Northwest Europe. Reliable and low cost barge services together 
with the provision of additional logistic services, such as the organization of drayage 
operations, have increased the interest in container-on-barge (COB) transport as an alternative 
for road transport (De Vries, 2000). Over the last decade COB transport has shown annual 
growth figures of 10 to 15%.  
Geographically the development of COB transport has been dictated by the position and 
quality of inland waterways and the fact that this transport business is strongly related to 
deep-sea traffic. Container transport by barge is predominantly a transport mode to move 
maritime containers between the seaport and its hinterland. It has been mostly developed 
between the seaports of Rotterdam and Antwerp and the hinterland along the Rhine river. In 
2004, total container traffic on the Rhine accounted for 1.8 million TEU. In this river corridor 
the market share of barge transport varies from 20% in the Lower Rhine river basin (from 
Emmerich to Bonn, Germany) to 35% in the Middle Rhine river basin (from Koblenz to 
Wörth, Germany) and around 70% in the Upper Rhine river basin (from Strasbourg, France, 
to Basel, Switzerland) (see also Figure 4.1). These market shares reflect the increasing 
competitiveness of barge transport to road transport on longer distances.  
In addition to Rhine river transport, another major barge transport route emerged between 
Rotterdam and Antwerp. The development of COB transport here can be attributed to the 
main porting policies of deep-sea shipping lines. The container flows consist of feeder traffic 
between these mainports. In 2004 about 950,000 TEU were shipped between these ports.  
For a long time these international traffic flows have set scene for the COB transport market, 
but the last decade new geographical markets are now also being opened up. In particular in 
the Netherlands barge container transport has developed spectacularly, demonstrating that 
barge transport can also compete with road transport on much shorter distances than 
previously assumed. Today in the Netherlands even more than 30 different services exist. In 
2004 about 880,000 TEU were shipped by barges, predominantly between the port of 
Rotterdam and inland places. These domestic hinterland services are now also being 
developed in other countries. From 1998 the development of new inland terminals and barge 
services in Belgium increased from just two terminals to currently ten (Macharis and 
Verbeke, 2004). About 400,000 TEU were transhipped at the inland terminals in 2004. The 
transport volumes recorded in Germany (170,000 TEU) and France (120,000 TEU) are 
relatively modest, but hinterland container transport by barge is also on the way up in these 
countries. An overview of these major flows is presented in Figure 4.2. 
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Figure 4.1 Partition of the Rhine river according to the turnaround time of vessels  

Lower Rhine section: two roundtrips per week. 
Middle Rhine section: one roundtrip per week. 
Upper Rhine section: one roundtrip per two weeks.
RHK = Rhine-Herne canal. 

Despite the flourishing development of COB transport there are reasons to assume that its 
performance can still be improved to increase its market share. The rising transport volumes 
create opportunities for improvements in efficiency, but at the same time they call for actions 
to maintain the high cost-quality level of barge transport. On the other hand, expanding into 
new geographical market areas requires the development of transport services that can 
compete with road and rail transport. It is here that network operations play a part. 
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Figure 4.2 Cross border and domestic container-on-barge traffic in Europe (2004)

The cost and quality of transport services are closely related to the network operations within 
which they run. Which networks are most favourable depend on the markets to be served. 
Obviously, markets with concentrated large transport flows will require different network 
operations than markets with dispersed small flows. Literature on transport networks shows 
that hub-and-spoke networks are pre-eminently suited to capture market areas with dispersed 
small flows. This finding is supported by successful experiences with hub-and-spoke 
networks in practice in different transport modes. However, in COB transport such network 
operations do not exist. 
In this paper we explore the feasibility of hub-and-spoke networks as a fruitful concept to 
improve the cost-quality level of COB services and to enable an increase of market share of 
barge transport in existing and new geographical markets. In particular we discuss the 
conditions and implications of operating these networks in barge transport. The paper starts 
with some general notions on the role of service networks and goes on to discuss the specific 
features of hub-and-spoke networks as a framework to explore the feasibility of such 
networks in COB transport. Next the background and characteristics of existing networks in 
COB transport are explained. After that the conditions and implications of operating hub-and-
spoke networks in this sector are discussed. Finally an outlook on the feasibility and 
implementation of these networks is given. All in all, this paper presents the arguments for 
and against hub-and-spoke networks in container-on-barge transport, but it does not test these 
thoughts empirically. As such it provides a basis for a next piece of analysis in which models 
can be developed to test the feasibility of actual network configurations. 
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4.2 The role of service networks in transport business 

One of the major issues for every transport operator is how to use its scare resources to 
provide transport services. This is a delicate issue, because a transport operator is being 
confronted with a complicated interaction between demand (total revenues) and supply (total 
costs), which may strongly influence the decision process of allocating resources (De Wit and 
Van Gent, 1996). The fact that demand for transport services is irregularly spread in time and 
space has important implications for the utilization rate of transport services and hence for the 
type of networks in which transport services can be operated. Obviously a point-to-point 
service, which offers a direct connection between origin and destination of freight, fits to 
different type of transport flows then more complicated services such as trunk line with 
collection-distribution services and Hub-and-Spoke (H-S) services, which usually involve 
intermediate change of transport means. 
A service network is actually the artifact or production model of transport services. It 
expresses how transport services are operated or scheduled and routed. The volume, spatial 
and time patterns of transport flows play a central role in the design of a service network. The 
basis for a service network design consists of bundling of transport flows.  
Bundling can be defined as the common transport of freight belonging to different transport 
relations in common transport units (e.g. barge vessels) and/or load units (e.g. containers) 
during (common) parts of the routes (Kreutzberger, 2001). Basically the intention of bundling 
is to improve the cost-quality level of transport services, but the characteristics of transport 
flows (volume and spatial pattern) set the pre-conditions, and there will be a trade-off 
between the advantages and disadvantages of bundling. 
First, bundling can contribute to higher loading degrees of transport units, which could result 
in an overall cost reduction. Second, bundling gives opportunities to increase the frequency. 
This reduces the time intervals between two sequential transports and so the total transit time 
can be shorter. This results into lower costs of goods in rolling stock to shippers and potential 
savings in equipment costs to transport operators due to a shorter turnaround time of transport 
units. Third, if many relations with small freight flows can be bundled a large number of 
destinations can be served, which would be infeasible with only direct (point-to-point) 
services. This is in particular a strong argument for bundling in intermodal transport, because 
point-to-point services require relatively large transport flows in intermodal transport. 
On the other hand, bundling has a number of disadvantages. First, there is a need for extra 
transhipment, which makes a transport service possibly more expensive, slower and less 
reliable. Second, bundling causes detours, compared to a direct transport route. Third, the 
longer routes may require more transport units to be operated in the network. 
Dependent on the characteristics of the transport volumes and these specific (dis)advantages 
different bundling patterns may be useful. Many possibilities to bundle freight exist, but these 
can be reduced to four basic bundling or network models: 

Point-to-point network (direct connection, bundling for one transport relation); 
Line network; 
Trunk line with collection/distribution (or feeder) network; 
Hub-and-spoke network. 
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These theoretical bundling models are a useful starting point to investigate the merits of 
existing bundling concepts for COB transport and the feasibility of new bundling concepts, 
such as the hub-and-spoke network. 

4.3 A closer look at the specific features of hub-and-spoke networks  

Perhaps one of the most fascinating features of H-S networks is that it is an ultimate form of 
bundling, which generates a maximum bundling effect (Klaus, 1985). In the H-S network 
origins and destinations are connected with star-shaped transport links (spokes) via one or 
more centrally located points, i.e. terminals (hubs). Hence freight belonging to different 
transport relations is in principle always transported jointly.  
The major driving force for a H-S network is an economic one, although the potential benefits 
do not only relate to costs, but also to service characteristics as well as typical geographical 
features. These elements are highly interrelated. 
We will now briefly discuss these cost, service and geographical characteristics of H-S 
networks and illustrate them with examples from the airline industry that has a rich history in 
H-S network research and applications. Later on we will look at their meaning for COB 
transport. 

Multiplicator effect: increasing the supply of services 
One of the great advantages of a H-S network is that less number of direct links are necessary 
to connect all nodes, i.e. origins and destinations, in a network. Conversely with a given 
number of spoke links more origins and destinations can be connected than the same number 
of direct links can do. The increase of the number of links between origins and destinations is 
multiplicative to the increase of the number of spokes. If n spokes exist, n direct connections 
to the hub can be offered, but because of a hub transfer also n(n-1)/2 indirect connections are 
possible. Hence in total n(n+1)/2 connections can be offered. This means for instance that 4 
links can only connect 4 origin and destination pairs in a point-to-point network, while in a H-
S network it could connect 10, i.e. 4 direct links to the hub and 6 indirect links via the hub 
(see Figure 4.3). 

Economies of density 
Freight with different destinations is consolidated in spoke links. This enables a better 
utilization rate of transport means: the loading capacity of transport means can be better 
utilized or the number of roundtrips of transport means can be increased. The latter indirectly 
results in cost reductions, but also enables a better quality of services through an increase of 
frequency (see Figure 4.3). These cost advantages, which occur because of higher 
frequencies, are in literature often defined as economies of density. The existence of 
economies of traffic density in the airline industry is extensively discussed in the work of 
Tretheway and Oum (1992). 

Economies of scale 
In addition to increasing frequencies to accommodate consolidated transport flows on the 
spokes also larger transport means can be used. The average costs will reduce if larger 
transport means with a larger loading capacity are operated and these effects are known as 
economies of scale (De Wit and Van Gent, 1996) (see Figure 4.3). These advantages have 
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both a technical and operational background. Economies of scale have beneficial effects on 
both the fixed and variable costs of operations. Empirical evidence for these scale advantages 
that accrue from operating H-S networks is mainly found in the airline industry (Morrison and 
Winston, 1986; McShan and Windle, 1989; Antoniou, 1991). The size of aircrafts in flights to 
a hub generally increase, but particularly in networks with more than one hub the inter-hub 
flights are a major source of scale effects, because of aggregated transport volumes in such 
connections. The economies of scale however, do not only appear in the transport operation, 
but can also be reaped in centralized ground support and maintenance of an airline’s 
equipment at the hub (O’Kelly, 1998). 

Figure 4.3 Features of hub-and-spoke networks 
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Economies of scope 
Economies of scope arise if the costs of a joint production of services are lower than the 
separate production of these services. In general it is related to the fact that transport 
companies act as multi-product firms, where resources can actually be used to supply 
different kind of transport services. For instance, an airplane can transport passengers and 
cargo together. In this case passenger and freight transport services are the result of a joint 
production, in which the average costs of transporting passengers and cargo together can be 
lower than transporting them separately. There are many causes for economies of scope (see 
e.g. Korver et al., 1992), but their occurrence in transport networks is one of particular 
interest. 
Consolidation of transport flows on the spokes implies that passengers or freight with 
different destinations are jointly transported. A commonly operated network expresses the 
joint production characteristics. The economies of scope do not only consist of commonly 
used transport resources, such as transport units and staff, but also include common use of 
hub facilities (Mayer, 2001). 
Economies of scope differ from economies of density, because it does not address the cost 
issue of intensifying an existing transport network, but rather the cost effects of increasing 
this existing network. Expansion of a H-S network with one spoke results in decreasing 
average costs, but of course this additional spoke can also bring on economies of scale and 
density. 

Robustness to demand fluctuations 
The joint character of providing services on a H-S network implies a dependency between all 
the links in the network. The advantage is that services from spoke terminal A to spoke 
terminal B are less dependent on fluctuations in demand on this origin-destination pair of 
terminals. This means that even if demand drops the frequency of services linking A to B can 
usually still be maintained (see also Teuscher, 1993). 

Higher frequency of services 
In addition to cost reductions that might result from higher service frequencies (economies of 
density), higher service frequencies are acknowledged as an important quality feature of H-S 
networks. Higher service frequencies arise from the typical routing in a H-S network. Higher 
frequencies reduce the waiting time between a desired departure time and the available 
departure time and also increase the choice of possible departure times. Both aspects are part 
of the quality of services (Janic, 2000). For the airline industry evidence exists that this can 
strengthen the market position of a transport operator. For instance, Bailey et al. (1985) and 
Hanlon (1996) have shown that increasing the flight frequency on a specific link results in a 
more than proportional increase of the local demand for flying on this link. Butler and Huston 
(1990) indicate that due to these effects air transport could become more competitive to other 
modes of transport on shorter distances. Morrison and Winston (1986) state that the features 
of higher frequencies and more destinations in H-S networks have in particular attracted 
business travelers. Such customers show pre-eminently a rather time elastic instead of price 
elastic demand behavior. It is interesting to note that the flight frequencies and concentration 
of take-offs and landings can apparently compensate the time loss of transfers. 
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More efficient terminal operations 
One of the implications of a H-S network is a changing role of the nodes or terminals in the 
network. This is even more profound for dedicated freight H-S networks, such as those 
operated by integrators, than the H-S networks operated by most airlines. For the nodes or 
terminals acting as a hub the transfer and sorting function becomes of vital importance. The 
construction of hub facilities will generally involve large investment costs and also significant 
exploitation costs, which must be recovered by a high utilization rate of these facilities, i.e. 
large transport volumes. Large-scale operations will enable economies of scale, but eventually 
these additional costs of transferring and sorting should be compensated somewhere else in 
the network, i.e. at the spoke links and terminals.
The location of the hub may be a major cost factor as well. As a hub is basically an exchange 
point the ‘situational factors’ of a hub location may become of less importance than the ‘site 
factors’ of the location (see Fleming and Hayuth (1994) and Boyce and Ullman (1980)). This 
means that for a hub acting as a pure exchange point a cheap land location (away from heavy 
congested areas) could be an ideal location. However, this ‘freedom’ in choosing a hub 
location is very much related to required levels of services, price and demand. For freight H-S 
networks this hub location decision will be less restrictive than for passenger H-S networks. 
In freight traffic the attraction of a service for a client is not a function of the routing of 
freight, while in passenger traffic the inconvenience of intermediate stops can not be ignored 
(O’Kelly, 1998). 
Just like the operational advantages in hub transfer operations also operations in spoke 
terminals could become more efficient. Due to the specific routing the sorting of freight to 
different destinations becomes much simpler or even redundant. 

Congestion and capricious capacity use at hubs 
One of the consequences of routing transport flows through a hub is that it makes high 
demands to coordinate the arrival and departure times of inbound and outbound traffic. The 
time window for arrivals and departures should be relatively small to keep the time loss 
resulting from a transfer as small as possible, and so limiting the increase in total transit time. 
This means for instance in the airline business that many aircrafts have to land and take-off in 
a small time span, in which the infrastructural and personnel capacity at the hub becomes 
overloaded (Mayer, 2001). This endangers the reliability of services, and because of the 
interdependence of the connections, the total transit time of passengers or freight. This typical 
time pattern of inbound and outbound traffic also has a negative effect on the capacity use at 
hubs. The infrastructural and personnel capacity must be large enough to handle such peak 
demands, but on the other hand outside these peak periods capacity will be over dimensioned 
or even idle. This can be a major source of additional costs for operators running a H-S 
network (Wheeler, 1989), but it may also have consequences for other actors involved in H-S 
networks, for instance airport operators in the airline industry (Kanafani and Ghobrial, 1985). 

Vulnerability to disruptions 
An implication of the interdependence of connections in a H-S network is the vulnerability to 
disruptions. If a problem occurs on a particular spoke route (e.g. a serious delay), it may affect 
many services at other spoke routes and hence influences the performance of the total 
network. Of course, traffic congestion at hubs can be a cause for disruptions of services as 
well.  
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Detours: longer distances and larger transit times 
The indirect connections via a hub result in longer transport distances and consequently in 
larger transit times. In addition, the required transfer in the hub also has a negative effect on 
the transit time. In general these effects will have stronger implications for transport of 
passenger than freight. Time sensitivity is quite different in the passenger and freight transport 
market. Nevertheless, there are numerous examples from the airline industry where also rather 
time sensitive goods are transported in a H-S network (e.g. DHL, Federal Express and 
Emery). In a freight transport system operators may direct flows along paths that are optimal 
for the system with the lowest costs for the entire network by indirect routes and bundling 
flows (O’Kelly and Bryan, 1998). In passenger transport the acceptance of the traveller plays 
a role. In the case of air passenger transport systems, the ability of operators to exploit the H-
S network is tempered by the need to recognize the impact of the network design on costs as 
well as revenues (O’Kelly, 1998). However, the worldwide use of H-S networks in air 
transport is probably the best indicator that this disadvantage of detours can be offset by many 
advantages of this type of network design. 

4.4 Present service networks in intermodal barge transport  

Up to now COB transport has been primarily focused on maritime container flows and 
therefore developed as a typical hinterland transport business. As such, the development 
pattern of the barge network is strongly entwined with the development of the container 
seaport system (Notteboom and Konings, 2004). In addition, the characteristics of the 
different hinterland markets, as described in the introductory section, play a part in the type of 
transport services offered.  
In the Rhine river traffic the commonly operated transport service is the line service. A vessel 
sails between the seaport and one of the three regions in the hinterland (i.e. the Lower, Middle 
or Upper Rhine river basin), where about 3 to 5 terminals are visited in the hinterland region. 
This geographical segmentation of operations along the Rhine river is related to efficient 
sailing schedules of vessels (see Figure 4.1). At the moment there is only one Rhine terminal 
that has a direct connection to the seaport, i.e. the DIT-terminal in Duisburg. In addition to 
these services some trunk line-feeder services exist to offer services along tributaries of the 
Rhine river. Containers are shipped in regular (trunk line) services to ‘cross road’ terminals 
where these containers are transhipped to a feeder service to arrive at their destination 
terminal. These kind of services are operated to Trier (along the Mosel river), Frankfurt and 
Asschaffenburg (along the Main river) and Dortmund (along the Rhine-Herne canal, RHK) 
(see Figure 4.1). It should be noticed, however, that all barge hinterland services include local 
collection distribution in the seaport, due to the existence of several deep-sea and barge 
terminals in the port (Konings, 2005). 
In traffic by barge between Rotterdam and Antwerp the role of the shipping lines greatly 
influences the characteristics of the barge services. The batches of containers are very large 
which enables to have a limited number of terminal calls in the ports and to use large vessels. 
The barge services can be defined as point-to-point services that generally have limited local 
collection/distribution within the seaports. 
In domestic hinterland transport almost all barge services are offered as a point-to-point 
service, i.e. a direct service between the inland terminal and seaport without intermediate 
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stops. This has much to do with the transit time. The transit time should be kept small for 
these barge services on rather short distance (50 to 150 km), because of heavier competition 
with road transport. The fact that the exploitation of the barge service and the terminal are 
usually in one hand also explains a direct service.

4.5 Key aspects to consider in operating hub-and-spoke networks in 
container-on-barge transport  

The bottom line of a hub-and-spoke network design involves a decision on where to place the 
hub (a location decision) and how to route the traffic that is to flow between the origins and 
destinations over the resulting network (O’Kelly, 1998). 
The hub location is an important starting point, but the location decision also involves the 
question of how many hubs are needed. This choice has great effect on the complexity of the 
routing decisions. It is evident that in the one hub network the routing problem comes down 
to a decision whether all node-to-node flows will pass through the hub or not. In the multiple 
hub network additional choices come into play: should a node be connected to just one hub 
(the nearest by) or to several hubs and should the hubs be fully connected or not? (see also 
O’Kelly and Miller, 1994). 
We use these considerations as a starting point to discuss the conditions and implications for 
operating H-S networks in COB transport and point out which other aspects should be 
considered. 

4.5.1 Location of nodes  

A hub-and-spoke network in COB transport would enable operations according to what 
O’Kelly (1998) defines as a delivery system. This means that in principle the barge operator 
decides where to place the hub and spoke terminals and has complete control over the rules 
for routing containers in the network, because the attraction of the service for the shipper 
would not be a function of the routing of the containers. In such a system the cost of the 
transport service would be mainly a function of the location of the hub and spoke terminals, 
but in practice several conditions should be considered. 

Hub location 
The location choice for the hub will be strongly determined by the position and quality of the 
inland waterways. The hub terminal should be preferably located at or nearby crossroads of 
good navigable waterways. This is a basic requirement to enable a star-shaped network 
configuration. Although the main function of the hub terminal is to transfer containers it 
seems most interesting to locate the hub in a place that has the attributes of centrality and 
intermediacy. The importance is that these attributes help to feed the network with cargo. A 
COB terminal that has substantial own traffic-generating power due to its size, function and 
location makes it a lot easier to set up new barge services into new directions. A well-
developed linkage between a seaport and an inland terminal in hinterland traffic would give 
this inland terminal an asset to be a potential hub. This linkage would form a strong (starting) 
spoke in the network! In addition, the attractiveness of this potential hub location is increased 
if the location is en route in intermodal traffic flows. A location along a major hinterland 
corridor further helps the spoke development, but it would be useful if the hub location is also 
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part of a corridor of continental intermodal cargo flows. If maritime and continental container 
flows can be bundled, it lowers the threshold to start a new spoke service. 
Next to accessibility over water the opening up of the hub terminal by road is obviously 
important. This is a relevant issue for every intermodal terminal, but for a hub terminal, 
expected to feed the network with a base transport flow, in particular. Moreover, the closer 
shippers can be located near the terminal, the more attractive intermodal barge transport 
becomes. Around many existing COB terminals related business areas have been developed. 
The hub quality of a terminal, determined by the number of barge services to different 
directions, could reinforce the attractiveness of such terminal related locations for shipping 
companies. 
Another condition to be considered is the available space at the terminal site or the possibility 
to expand the space. This holds for both the water and land surface. Quay and storage space is 
needed to enable exchange of containers. 

Spoke terminals: number and locations 
In establishing a hub-and-spoke network not only the number of spoke lines matters, but also 
the relative location of spokes and the length of the spokes will influence the economic 
feasibility of the network. In a very dense network with many spokes the geographical 
coverage may be large, but the detours may also become large. So even if there is no 
alternative for a direct barge service, this is a critical condition for a slow mode like barge 
transport, because there is always the competition from road transport. 
The length of the spokes is also a factor of obvious importance. First, an intermediate 
transhipment in the hub causes additional handling costs, which must be compensated by cost 
savings in sailing. However, sailing costs are relatively small compared to transhipment costs 
(see Konings, 2003). So, if the sailing distance increases, the share of transhipment costs in 
the total costs of barge services decreases and there is more room to gain cost reductions in 
sailing. Evidently, the barrier of relatively high transhipment costs would be even harder to 
overcome in a multiple hub network. The length of the spokes also plays a role in the 
competition with road transport: the smaller the spoke distances are, the stronger competition 
with road transport is. 
Second, the length of the spoke connections will influence the productivity of the vessel. A 
relationship exists between the sailing distance and the service frequency that can be offered 
efficiently for a certain vessel size, which is based on the turnaround time of a vessel (see 
Figure 4.4). Differences in turnaround time between vessels having different sizes occur 
because of differences in total time consumption for loading and unloading vessels. For 
instance, a medium-sized vessel (capacity: 208 TEU) can make 3 roundtrips per week on a 
distance between 48 km and 225 km. On distances smaller than 48 km 5 roundtrips are 
possible and on distances longer than 225 km only 2 roundtrips can be made. In addition to 
time consumption at terminals the turnaround time is determined by conditions related to 
waterway characteristics e.g. sailing speed regulations and presence of locks. The distance 
classes have an impact on costs, as shown in Figure 4.5 for a small-sized (90 TEU) vessel. 
The larger the distance, the higher the costs are, but there are some leaps in cost levels with 
are related to the distance classes. As shown in Figure 4.5 costs are also related to the 
utilization rate of the vessel or the transport volume. Not only transport volume but the 
waterway characteristics as well condition the type of vessel that can be used, e.g. by draft 
limitations. In other words, the type of vessel can be tuned on one hand to the distance to be 
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covered to gain maximum economies of density and on the other hand to the characteristics of 
the waterways to gain maximum economies of scale. If a vessel is only operated in one spoke 
link, it is possible to tune the vessel size optimal to the dimensions of that specific waterway, 
given that there is potential demand for these barge services. It is here where the traffic-
generation of the spoke terminals comes into play. 

Figure 4.4 The relation between distance and frequency in barge services 

4.5.2 Routing of traffic  

As regards the routing of traffic through the network the situation in barge transport is quite 
different from other modes and air transport in particular. The network of inland waterways is 
a rather sparse network enabling less freedom to route traffic. In many situations the shortest 
path would be the common route, provided that, due to differences in navigability, this route 
is physically possible. To some extent a relatively sparse network might be considered as an 
advantage to implement a hub-and-spoke network, because a lot of traffic would more or less 
naturally flow through the hub. 
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Figure 4.5 The relation between costs and distance in barge services 

4.5.3 Hub operations: transhipment  

In the hub terminal an efficient exchange of containers between the different spoke services is 
needed. However, transhipment in barge transport is faced with some constraints that can 
endanger a fast and cheap exchange of containers. 

Loading/unloading times of barges are relatively long  
The main explanation for this is the large capacity of vessels, compared to for instance the 
capacity of trains. It takes much time to unload and load a vessel completely, about 6 to 8 
hours for the most popular type of vessel in Europe, which has a capacity of 208 TEU. Of 
course, the time consumption will depend on the number of units to be exchanged, the 
available crane capacity and possible waiting times. The time consumption of exchanging 
containers between vessels may have a negative effect on the total transit time within the 
transport chain. 

The difficulties of simultaneous exchanges
The exchange process requires vertical container handling operations by cranes. Direct 
exchange of containers between vessels is difficult to achieve, unless appropriate cranes are 
available and time schedules of vessels are tuned. If these conditions can not be met, 
temporary quay stacking and additional handlings are needed. This will increase the transit 
time and costs within the transport chain. It is conceivable that containers can be regrouped 
horizontally through the exchange of push barges, making the exchange process easier. 
However, this assumes that containers can only be regrouped batch wise in rather large 
batches, which make the hub-and-spoke system less flexible.  
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The importance of the loading/unloading order  
Much more than for trains, the sequence of loading/unloading and the positioning of 
containers is critical and complex for vessels. Loading/unloading operations have to take into 
account vessel stability and the containers’ position aboard in relation to its destination to 
avoid digging up containers, which results in additional handlings. Although excellent 
logistical planning may reduce this problem to some extent, this issue remains a huge 
challenge when applying complex bundling models in barge transport. 

Whether these circumstances, and the time and money costs involved, are a real barrier 
depends on the specific networks considered: costs savings on the network level (for instance 
by economies of scale) may overcompensate the additional costs resulting from exchanging 
containers between barges. 
Practical experiences show that barge networks with an intermediate transhipment can have a 
rationale. For example, CCS, a German-based barge operator, operates such networks to serve 
terminals along the tributaries of the Rhine river. These trunk line – feeder services are a cost-
efficient alternative for direct services. Since exchange of containers is only between two 
vessels, this is not a very complex process. Nevertheless, the containers are usually not 
transshipped board-to-board, but are temporary stacked at the quay. 

4.6 Conclusions  

The spatial and functional development of COB transport networks is strongly determined by 
geographical and operational conditions. The inland waterway network basically has a 
treelike structure with little lateral connections between the different branches. As a result the 
estuaries of the rivers are a natural place to feed the network with transport volumes, and 
since COB transport has developed as a transport system to ship maritime containers to the 
hinterland of seaports the development of barge networks has predominantly consisted of line 
and point-to-point services between the seaport and its hinterland. In addition, there is a large 
difference in the navigability of the waterways due to variations in draft limitations and other 
physical conditions (e.g. existence of locks). This explains why some (trunk line) hinterland 
routes could be developed very well, while other routes (e.g. along small waterways) have not 
been (extensively) developed yet. Moreover, inherent characteristics of the barge transport 
system also have favoured the more simple networks that do not need intermediate exchange 
or transhipment of containers within the barge transport system. Efficient and fast 
transhipment between barges seems only possible under very restrictive conditions.  
In view of the role of COB transport as a typical hinterland transport system and ever 
increasing maritime container flows, new network developments take place. In particularly 
the trunk line feeder service is increasingly being implemented. The trunk line feeder service 
however is still used in the market for hinterland transport. This paper postulates that a next 
step in network development could be the introduction of hub-and-spoke networks as a mode 
to capture new geographical markets, the market for continental cargo in particular. The hub-
and-spoke network is a type of network that is pre-eminently suitable to enhance the 
geographical coverage of transport services, because it is a ‘multi-directed’ (star-shaped) 
network. Moreover, owing to its typical features the H-S network is also very suited to 
implement new services between origin-destination pairs for which the transport flow is too 
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small to run a direct (point-to-point) barge service. Both these characteristics of H-S networks 
are therefore highly supportive to enable market expansion.  
Many circumstances will influence the feasibility of a hub-and-spoke network for COB 
transport. A key element is the organization of the container exchange in the hub. It will be a 
challenge to exchange containers efficiently, reliable and fast, taking into consideration that 
also the sailing schedules of vessels from different spokes should be tuned in order to offer 
acceptable total transit times. The additional handlings in the hub result in additional costs, 
but these costs may be compensated by the improved cost performance on the network as a 
whole. By implementation of point-to-point services between the hub and spoke terminals the 
turnaround time of the vessel can be kept relatively small in order to make the vessel most 
productive, i.e. achieving economies of density, and the vessel size can be fully adapted to the 
waterway dimensions of the specific spoke, i.e. maximizing economies of scale. However, a 
pre-condition for this concept is also the availability of space: in the port basin to enable a 
direct exchange, and on land for temporary stacking of containers.  
The conditions discussed suggest that such a network can only be developed on a large 
geographical scale level (pan-European), because the sailing distance should be large enough 
to achieve an economic feasible concept, which is also competitive to road transport. In 
addition, the backbone of the network should consist of crossing waterways that have 
reasonable navigable conditions. The well-developed services for COB transport in hinterland 
traffic should become a part of such a hub-and-spoke network. This can be useful to further 
rationalize these hinterland services, but it also provides a base cargo load to develop (new) 
spoke lines in which maritime and continental cargo flows can be bundled. This bundling of 
flows, which enables cost-efficient and frequent services, can be a self-reinforcing process. 
In looking over the map of Europe there are not many places where such hub-and-spoke 
networks could be developed. In view of the arguments mentioned, the Rhine river should 
play a part in it. Such a network would logically cover at least some spokes to different 
seaports: Rotterdam, Antwerp, Amsterdam as well as some tributaries of the Rhine river, such 
as the Meuse and Yssel river in the Netherlands and/or the Rhine-Herne canal (RHK), the 
Neckar, Main or Mosel in Germany. Figure 4.6 indicates the regions where the hub terminal 
might be located. 
If the details of the waterways, the operational characteristics of vessels and terminals as well 
as the container transport flows are known, models can be used to test the feasibility of 
specific configurations of hub-and-spoke networks in COB transport empirically. This will be 
the challenge in future research. 
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Figure 4.6 Indicative regions for a possible hub location 

Region 1: Nijmegen. 
Region 2: Duisburg. 
Region 3: Koblenz/Mainz. 
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Abstract 

This paper presents and evaluates an opportunity to improve the competitiveness of container 
barge transport in the hinterland of Rotterdam through a re-organization of container barge 
services. This re-organization improves the handling of barges in the port and consists of 
splitting existing services into a trunk line operation in the hinterland and 
collection/distribution operations in the seaport. A marginal cost model is used to demonstrate 
the potential net benefits of these revised services. The main conclusion is that these split 
services can improve the competitiveness of barge hinterland transport, but the effectiveness 
depends on several conditions. These conditions are first of all related to the design and 
organization of collection and distribution transport, but also to the characteristics of the trunk 
line operation in the hinterland. 
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5.1 Introduction 

The quality of hinterland transport has become increasingly important for the competitiveness 
of a seaport. Shippers and carriers value the attractiveness of a port on not only the 
performance of the seaport, but also on its hinterland accessibility. This holds for the 
container transport market in particular. Containerisation has changed liner shipping 
spectacularly and affected seaports and their hinterland transport systems (De Langen and 
Chouly, 2004; Hayuth, 1981, 1982, 1987; Notteboom, 1997; Slack, 1985, 1999). Container 
shipping has enabled new kind of liner service networks such as the hub-and-spoke formation, 
putting pressure on the performance of hub ports and the feeder networks to these ports over 
sea and land. McCalla (1999) and Haezendonck and Notteboom (2002) argue that 
containerisation has increased the geographical market coverage of seaports to the extent that 
the concept of a captive hinterland is no longer valid. Ports are much more in competition to 
serve the same inland areas. Especially in Northwest Europe, where the distance of container 
ports to major cargo generating inland areas is not a very distinguishing factor, this has made 
hinterland accessibility a strategic matter. 
The ever-increasing container transport volumes handled in seaports have put the issues of 
hinterland transport capacity and performance on the agenda of seaports. Substantial cost 
reductions in deep-sea container transport in the last decades have shifted the attention of 
shippers to inland operations: in many cases hinterland services have the largest share in the 
total transport bill. 
The development of intermodal transport has given a new dimension to the hinterland 
transport issue. It can help keeping the port accessible by shifting cargo away from the 
congested roads to the waterways and railways. On the other hand the large transport volumes 
in seaports generate scale economies to operate cost efficient hinterland services to different 
destinations, which enables seaports to strengthen their hinterland position. These merits of 
intermodal transport have been addressed and analysed by e.g. Hayuth (1982), van Klink 
(1995) and Van Klink and van den Berg (1998).  
In the port of Rotterdam intermodal barge transport plays an important role in hinterland 
transport. Since the mid eighties container barge transport has become a very competitive 
alternative to road and rail transport due to its ability to offer cheap and reliable transport 
services. Transport volumes in container barge transport have grown very rapidly over the last 
two decades. In the period from 1985 to 1995 barge traffic in the hinterland of Rotterdam 
grew from 200,000 TEU to about 1 million TEU. In 2005 more than 2 million TEU were 
transported, corresponding to a market share of 31% (www.portofrotterdam.com). Favourable 
natural conditions, such as the location of the port at the estuary of the Rhine River – 
Europe’s most important inland waterway – have been a major asset for the strong 
development of hinterland transport by barge in Rotterdam. In view of increasing container 
volumes and congestion on the roads barge transport is of great importance to keep the port of 
Rotterdam accessible. 
The strong position of container barge transport in Rotterdam is however not unchallenged. 
The quality of handling barges in the port greatly influences the performances of container 
barge services to the hinterland, and the present way of handling barges is far from optimal. 
The main cause for this inefficiency is that barges have to call at many terminals in the port 
when they visit the port of Rotterdam. This involves a lot of time, which could be used more 
productively, for example for sailing. In addition, it causes congestion and waiting times at 
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terminals, because many barges call at the same terminal. Moreover, seagoing vessels also 
call at these terminals and these ships have priority over barges in handling and hence the 
waiting time of barges can increase. An additional problem is that when a delay arises at one 
terminal the barge may not catch the agreed time window for handling at the next terminal. So 
barge operators need to include large margins when planning their terminal visits to ensure 
reliable transport services. Altogether the duration time in the port is relatively long, which 
has a negative influence on the transit time and total cost of barge services and hence on the 
competitiveness of barge transport. 
According to forecasts container throughput in the port of Rotterdam will increase from 9.3 
million TEU in 2005 to 15.9 million in 2020 (Gemeente Rotterdam, 2004) and this will also 
boost volumes transported by barge. Much more barges will visit the port and hence problems 
with handling barges are likely to increase. Even nowadays long waiting times of sometimes 
more than 24 hours occur, and during the summer of 2004 these were the rule rather than the 
exception. The consequences became grievously clear as some barge operators felt forced to 
introduce a temporary surcharge to compensate for waiting time costs. Confronted with 
higher rates some shippers shifted their freight from barge to road transport.  

Problems with handling barges in the port have not only occurred of late and so they have 
been studied before. In the research and development program INCOMAAS (Infrastructure 
Containers Maasvlakte), which focussed on the Rotterdam-Maasvlakte terminal area, 
opportunities to improve the handling of barges have been investigated (TRAIL, 1995a, 
1995b). These studies addressed the options of centralised and decentralised handling of 
barges at the Maasvlakte area and also studied possible designs of barge terminal cranes. As a 
continuation of this program the idea of large-scale container barge transport using automated 
terminals was proposed and investigated (Wijnolst et al., 1995; TRAIL, 1996). In the research 
program FAMAS (First All Modes All Sizes) focussing on a new terminal area at Rotterdam-
Maasvlakte area (Maasvlakte II) that is still to be constructed, the same issues were addressed 
and studied again. This program resulted in a design of a dedicated barge terminal (GEM 
Consultants et al., 1999). The proposed solutions in both research programs however are 
local-oriented instead of port-wide. In addition, some studies were carried out into new barge 
service systems: the floating container terminal (Tutuarima, 1993) and ‘Waterbakfiets’ (water 
carrier cycle) (RIL, 1996a), which could take over the collection and distribution of containers 
in the port from operators offering services between the port and the hinterland. The floating 
container terminal is never implemented and the Waterbakfiets is used for other purposes.17  
In order to reduce waiting times at terminals the attention recently has shifted to improving 
the quality of information exchange between actors, the introduction of fixed time windows 
for barge handling at seaport terminals and better route planning of terminal visits. Promising 
research is carried out into a decentral (distributed) planning system based on multi-agent 
technology (Van Schuylenburg et al., 2003; Schut et al., 2004). This project is now in a pilot 
stage. Of course a better planning can improve the transport reliability and reduce the waiting 
times at terminals. Expanding the terminal capacity to handle barges is also an effective 

                                               
17  The Waterbakfiets operations are carried out by two vessels operated by the company Van Uden Container 

Barging, which have a capacity of 81 TEU and 129 TEU respectively. These vessels are mainly used to 
reposition empty containers between terminals and empty depots, but not to collect and distribute containers 
between terminals. This happens only very incidentally. The total annual volume transported by the 
Waterbakfiets is about 70,000 TEU. 
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solution, just like the idea of fixed time windows to handle barges, although these measures 
can be adverse for the utilisation rate of the seaport terminals. Nevertheless, the time loss due 
to hopping from terminal to terminal will still remain in these solutions. Therefore, to 
accommodate container barge traffic more efficiently, it remains useful to look for alternative 
solutions regarding barge handling.  

This paper presents a concept to improve the handling of barges in the port through a re-
organization of container barge services. This idea assumes a split up of existing services into 
a trunk line operation in the hinterland and collection/distribution operations in the seaport. 
The paper discusses the conditions needed to successfully implement these revised barge 
services. It builds on previous work of Notteboom and Konings (2004), where the concept of 
revised network services has been presented. Here in this paper the merits of these new 
network operations are further discussed and tested by a model using empirical data. The 
approach is to explore the economic feasibility of these network operations rather than to 
evaluate concrete system solutions, such as the idea of the floating container terminal. 
The paper starts with a description of the characteristics of the present barge hinterland 
services. Then the idea of re-organizing these services is explained in terms of costs and 
benefits. After that a cost model is used to empirically demonstrate the potential net benefit of 
these revised services. Next the conditions for implementation are discussed. The paper ends 
with conclusions and recommendations for future research.  

5.2 Characteristics of the present barge hinterland services 

Three major markets or trades can be distinguished regarding container barge transport 
through the port of Rotterdam (A&S Management et al., 2003): 

Rhine river trade: transport of containers between the port of Rotterdam and large 
industrial and customer areas in Germany and parts of France and Switzerland. In 
2004 about 950,000 TEU were transported in this hinterland corridor of Rotterdam. 
About 30% of this transport volume is generated in the Lower Rhine river region 
(from Emmerich to Bonn), 50% in the Middle Rhine river region (from Koblenz to 
Wörth) and 20% in the Upper Rhine river region (from Strasbourg to Basel) (see also 
Figure 5.6); 
Rotterdam – Antwerp trade: transport of containers between the port of Rotterdam and 
Antwerp. This flow is a result of the main porting strategies of deep-sea carriers. 
Transported volume in this trade was about 950,000 TEU in 2004; 
Domestic trade: transport of containers between Rotterdam and inland areas in the 
Netherlands. In 2004 transport volume in this trade exceeded 700,000 TEU. 

In all three markets regular and frequent services are offered. The current network 
characteristics of transport services in the Rhine river trade are more or less identical. A 
vessel sails between the seaport and a dedicated region in the hinterland, i.e. the Lower, 
Middle or Upper Rhine river basin. In the hinterland region about 3 to 5 terminals are visited, 
while the average number of terminal calls in the seaport is about ten (see Figure 5.1). In 
domestic trade usually only one terminal is visited in the hinterland.  
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Figure 5.1 Typical pattern of barge transport operations in Rhine river hinterland 
transport 

The consequence of visiting a limited number of terminals in the hinterland is that numerous 
terminals must be visited in the seaport, unless a batch of containers from one hinterland 
terminal would be large enough to completely fill a vessel with containers that all have the 
same destination terminal in the seaport. However, this is unlikely, because containers from 
this batch have different overseas destinations and are generally transported by different deep-
sea lines. 
The port of Rotterdam has about 30 container terminals including empty depots. These 
terminals are spread over a rather large port area. Spatial clusters of terminals are found in the 
area of Eem/Waalhaven, Botlek and Maasvlakte (see Figure 5.2). The distance between 
Eem/Waalhaven and Maasvlakte is about 40 km, which corresponds to a sailing time of about 
2.5 hours. So it is evident that calling at several terminals can be a time-consuming process. 
According to a large survey on barge hinterland services held in the nineties (RIL, 1996b) and 
validated through some recent interviews with barge operators, the typical roundtrip time of a 
vessel that operates in the Rhine hinterland includes on average 60% sailing time, about 30% 
duration time in the port and at inland terminals and about 10% of time is reserved to absorb 
possible delays, mainly those caused at the terminals in the seaport. The share of sailing time 
is relatively small and this reflects some kind of unproductiveness, because sailing is the most 
important business to generate income to the barge operator. Since these are average figures 
the share of sailing time will be larger in sailings to the Upper Rhine region, because of the 
longer distances to the port of Rotterdam (about 650 to 850 km) and smaller for destinations 
in the Lower Rhine region, because of the smaller distances to the port (about 250 to 350 km). 
During a vessel's stay in the port of Rotterdam (30 to 36 hours), 150 containers on average are 
loaded and unloaded, which takes about 12 hours handling time. The other 18 to 24 hours are 
spent sailing from one terminal to the other and waiting at the terminals. 
The call size at terminals in the port varies a lot, but in 50% of all terminal calls, less than 6 
containers are loaded or unloaded. Of course such calls put a relatively high burden on time 
consumption. Another observation is that the call size at terminals in the Eem/Waalhaven area 
is generally smaller than in the Maasvlakte area. 
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Figure 5.2 Location of barge terminals in the port of Rotterdam 

Source: Adapted from port of Rotterdam 

5.3 Re-organisation of barge hinterland services: splitting of operations 

As Figure 5.1 shows, the present barge hinterland services are operated in networks, which 
partly have collection and distribution characteristics, i.e. in the seaport, and partly have a line 
network structure, i.e. in the hinterland. A vessel performs both kinds of operations. Splitting 
these functional operations into a trunk line and collection/distribution service could 
potentially improve the performance of the total service. The vessels that serve the hinterland 
can reduce their turnaround time and so improve their productivity. In the 
collection/distribution network container flows can be bundled for terminals of destination 
and origin in the port, which enables a more efficient and prompt handling of barges. 
However, the collection and distribution of containers in the port also involves time and costs. 
These revised services will be feasible if these so-called feeder costs can be sufficiently 
compensated by savings in the hinterland transport.

Service models for collection/distribution transport 
Splitting existing operations into a trunk line part and a collection/distribution part can take 
different forms. Dependent on the number of terminals the hinterland vessel has to visit in the 
port and the organizational structure of the collection/distribution transport, three basic 
models for collection/distribution transport can be distinguished: 

1. ‘Container Exchange Point’ service model: central handling of hinterland vessels and 
centralized organization of collection/distribution transport 
In this model the handling of hinterland vessels is completely centralized, that is to say, all 
vessels call at one terminal that functions as a container exchange point. Here containers are 
transhipped to other vessels operating in the port, which distribute (and collect) containers to 
their destination (and origin) terminal in the seaport (see Figure 5.3). The potential 
improvement in turnaround time of hinterland traffic vessels is maximal. A disadvantage is 
that every container is handled an additional time, which also makes high demands on this 
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exchange terminal in terms of capacity and sorting functions. On the other hand, because 
transport volumes are large, this offers opportunities to sort containers according to their 
destination terminal and to transport these containers in a cheap shuttle service. The idea of 
this model has much in common with the possible role of what Slack (1999) defines as 
satellite terminals. Slack postulates that setting up such terminals in the hinterland could be 
useful to consolidate individual shipments and hence to reduce congestion in the port through 
the provision of efficient connections between the satellite terminal and the mainline 
terminals in the port. So instead of a location in the seaport a nearby inland terminal could 
also be considered as a possible location for this Container Exchange Point. 

Figure 5.3 Collection/distribution transport via a Container Exchange Point 

2. ‘Barge Service Centre’ service model: decentralized handling of hinterland vessels and 
centralized organization of collection/distribution transport 
The Barge Service Centre model assumes that hinterland vessels call at a limited number of 
seaport terminals. This choice of terminals will be based on call size. Hinterland vessels will 
call only at terminals for which they have a large number of containers to load and unload. 
Small container batches for other terminals are brought to a Barge Service Centre from where 
these containers are transported to their destination terminal (see Figure 5.4). In this model the 
savings in turnaround time will be smaller, but also the operational costs of 
collection/distribution transport will be lower. Collection/distribution transport is organized 
centrally at the Barge Service Centre, so container flows can be bundled efficiently in 
collection/distribution services. 
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Figure 5.4 Collection/distribution transport via a Barge Service Centre 

3. ‘Multi-hub terminals’ service model: decentralized handling of hinterland vessels and 
decentralized organization of collection/distribution transport 
In this model, just like the ‘Barge Service Centre’ model, hinterland vessels also call directly 
at terminals for which the call size is sufficiently large, but collection/distribution of small 
container batches takes place locally (see Figure 5.5). This means that a hinterland vessel 
picks up and drops containers at a terminal which is the origin or destination terminal of these 
containers (‘large call-size’ terminal), but it also uses this terminal to drop and pick up small 
container batches for nearby terminals, which are not being visited by the hinterland vessel. 
These ‘small call-size’ terminals are served locally by vessels operating in a 
collection/distribution transport system. The organization of this transport can therefore be 
characterized as a decentralized process. In contrast to the previous models this model offers 
fewer opportunities for economies of scale and scope in collection/distribution transport, but 
the transport distances are smaller. In addition, this service model is more flexible to use. This 
model looks interesting for the port of Rotterdam, because the location of terminals in the port 
is spatially clustered. 

‘large call size’ terminal

‘small call size’ terminal

Barge Service Center

collection-distribution transport operations

trunk-line transport operations

SEAPORT

HINTERLAND

‘large call size’ terminal‘large call size’ terminal

‘small call size’ terminal‘small call size’ terminal

Barge Service Center

collection-distribution transport operations

trunk-line transport operations

SEAPORTSEAPORT

HINTERLANDHINTERLAND



Chapter 5 - Opportunities to improve container barge handling in the port of Rotterdam 89 

Figure 5.5 Collection/distribution transport via multi-hub terminal 

5.4 Evaluation model 

To show the potential advantages of splitting existing barge hinterland services into a trunk 
line operation and collection/distribution operations a model is elaborated. The principle of 
this model, derived from the work of Dekker and De Jong (1989), is a marginal cost/revenue 
analysis that enables a flexible and convenient way to calculate the feasibility of these split 
services under different conditions. 
The starting point for the analysis is the investigation of benefits. The benefits arise from a 
time saving in the port for the barge operator because of fewer terminal calls and, related to 
that, larger call sizes. These circumstances can be used to make a vessel more productive 
either by: 
1. increasing the frequency of services or 
2. increasing the vessel size. 

By increasing the service frequency the quality of barge services improves, but it also 
improves the cost performance (see Konings, 2003). Implementation of larger vessels is a 
direct way to reduce the costs of barge services, i.e. lower sailing costs per unit through 
economies of scale.18 Which option is preferred depends on the amount of time saving, but 

                                               
18  The effectiveness of these productivity improvements is straightforward in case transport volume increases, 

but this is not a necessary condition to save on fleet operation costs. If a vessel can increase its frequency of 
services, it can make more roundtrips per year saving on the total number of vessels needed in the fleet. 
Increasing the vessel size can mean a substitution of small vessels by a smaller number of larger vessels, 
because the time saving in the seaport allows compensating for a larger turnaround time of larger vessels 
without overrunning their sailing schedule. In other words, scale economies may arise without increasing the 
fleet capacity (in terms of container slots). 
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also on the turnaround time of a vessel in relation to its sailing schedule and vessel size 
(Konings, 2003). 
Container vessels sail according to a fixed schedule, usually related to a weekly pattern. In the 
Rhine river hinterland traffic barges make two roundtrips per week, one roundtrip per week or 
one roundtrip in two weeks (see Figure 5.6). In domestic hinterland traffic barges can usually 
make two roundtrips per week. It is obvious that substantial time savings are required to 
enable an increase in frequency. If the turnaround time of a vessel could be reduced by one 
day, this could have a large impact on short distance barge services, but it would not be 
effective for those services at long distances. On the other hand, there are limits to increasing 
the vessel capacity. Increasing the size of a vessel also means increasing the total loading and 
unloading time. Very large vessels may be unable to maintain their weekly pattern and the 
transit time of containers would become too large. 

5.4.1 Reference situation 

In the current situation, or the reference situation, we assume that a vessel that operates in 
hinterland services calls at 10 terminals in the port. Five terminals are visited in the 
Eem/Waalhaven area, two terminals in the Botlek area and three terminals at the Maasvlakte 
area (see Figure 5.2). We assume that these visits are scheduled in such an order that each of 
these port areas has to be visited only once, so that disturbances in the planning of terminal 
visits do not result in significant additional sailing time. For such a route through the port the 
time spent sailing in the port is about 8 hours. Data on the waiting times of vessels at 
terminals were obtained from a survey held among bargemen in 2003 (Koenis, 2003), which 
showed that the average waiting time per terminal is about one hour. This means that the total 
time a vessel spends on sailing and waiting in the port is about 18 hours. We assume a barge 
service in which a vessel makes one roundtrip a week, which corresponds to a hinterland 
service to the Middle Rhine region. The transport capacity of the vessel is 200 TEU. 
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Figure 5.6 Partition of the Rhine river according to the turnaround time of vessels 

Note: Rhine container terminals anno 2006 

Lower Rhine section:  two roundtrips per week. 
Middle Rhine section:  one roundtrip per week. 
Upper Rhine section:  one roundtrip per two weeks. 

Source: Adapted from Gemeentelijk Havenbedrijf Rotterdam, 1994
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5.4.2 Collection/distribution transport via multi-hub terminals 

Let us assume that according to this collection/distribution service model the number of 
terminal calls can be reduced from 10 to 4 calls. Now two terminals are visited in the 
Eem/Waalhaven area, one terminal in the Botlek area and one terminal in the Maasvlakte 
area. In addition, the waiting time per terminal is also smaller, i.e. 45 minutes, because of a 
lower risk of the accumulation of delays. The total time used sailing (5.25 hours) and waiting 
(3 hours) is 8.25 hours, and as a result the total time saving is about 10 hours. These 10 hours 
can be used for additional container moves. If we assume a crane productivity of 15 moves 
per hour, this means that 150 additional containers can be loaded or unloaded. Since every 
container transported must be loaded onto and unloaded from the vessel once, 75 extra 
containers can be transported. Based on the distribution of containers of different size (20ft 
and 40ft units) this corresponds to a transport volume of 120 TEU. To transport this extra 
volume additional vessel capacity is needed. Since in barge transport vessels are usually 
operated with high utilization rates, a substantial increase in transport volume requires a larger 
vessel. The potential increase in turnover, therefore, also involves additional vessel operating 
costs. The estimation of these costs will be derived from the costs of chartering a larger 
vessel. If we know that the charter costs for a vessel with a capacity of 200 TEU is about 
17,500 Euro per week, we can estimate that increasing the capacity by 120 TEU will raise the 
charter costs by 7,000 Euro. Finally, it is assumed that 25% of all the containers must be 
feedered, i.e. collected and distributed to other terminals in the port. This share seems small, 
but if about 50% of all terminal visits have a call size less than 6 containers, this is a realistic 
assumption. 

If we know the transport tariff of the barge hinterland service and the costs of the 
collection/distribution service, it is now possible to evaluate whether these split services are 
beneficial or not. The potential net benefit can be described in a general formula expressing 
the benefits (additional turnover) and the costs (additional charter costs and feeder costs): 

Net benefit = TVadd * Pht – MCchart – Sft * TVtot  * Pft

TVadd :  additional transport volume (in TEU) 
Pht :  transport tariff hinterland transport per TEU (in €)    
MCchart : marginal costs of chartering additional vessel capacity (in €) 
Sft :   share of feeder transport in total transport volume (%) 
TVtot :   total transport volume (in TEU) 
Pft :   tariff of feeder transport per TEU (in €) 

By setting this net benefit to zero break-even situations for the current and new (split) barge 
hinterland services can be presented as a function of different hinterland transport tariffs and 
feeder transport tariffs. The higher the feeder transport tariff is, the higher the hinterland 
transport tariff must be to make split services profitable. Figure 5.7 shows the results of this 
case study. The combinations of hinterland transport tariffs and feeder tariffs left of the break-
even line are profitable solutions. The combinations to the right of the line are not profitable. 
Currently feeder transport does not exist, except in very rare cases in which barge operators of 
hinterland transport outsource the collection and distribution of ‘late’ containers to a barge 
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operator active in short-haul operations in the port, so that they can keep their sailing 
schedule. The port activities of this barge operator (Van Uden Container Barging) consist of 
repositioning empty containers between terminals and empty depots. The tariffs for these 
barge operations are about 95 Euro and can be considered a good estimation of what the 
tariffs for feeder transport could be at the moment. This tariff, which is a cost for the 
hinterland barge operator buying these services, covers sailing and terminal handlings. If the 
feeder transport tariff is 95 Euro, the break-even situation for the present and new barge 
services would be realised with a transport tariff of 118 Euro per TEU for the hinterland 
service (see also Figure 5.7). Since we assumed that the vessel makes one roundtrip a week, 
this means that we have to consider the tariffs of barge services between Rotterdam and 
destinations in the Middle Rhine river section. The current tariff for services to these 
destinations range from 125 to 140 Euro per TEU, which is above the break-even tariff of 118 
Euro (see Table 5.1). So in this situation a reduction of terminal calls would be a profitable 
solution. 

The situation for services to the Lower Rhine river section is different. Here two roundtrips a 
week are made, so the additional transport volume increases from 120 TEU to 240 TEU, but 
the transport tariffs are much lower: the tariffs vary from 50 Euro for the short-distance 
destinations to 100 Euro per TEU for destinations at longer distance in this river section. In 
Table 5.1 can be seen that, given the estimated present feeder transport tariff, a hinterland 
transport tariff of at least 71 Euro would be necessary to be profitable. This means that the 
feasibility of split services is ambiguous: for distant destinations, such as Bonn, the hinterland 
tariffs are sufficiently high for profitable services, while for near by destinations, such as 
Duisburg, the solution will not be cost effective. 
The same analysis can also be performed for services to the Upper Rhine region. The tariffs 
of these long-distance services are of course higher (ranging from 160 to 190 Euro), but due 
to a greater turnaround time for the vessel (one roundtrip in two weeks) additional transport 
volume is also smaller (60 TEU) and so is additional revenue. As a matter of fact these 
revenues are too small to compensate for the feeder costs. Only a sharp reduction of the feeder 
tariff would make split services feasible to this Rhine river section (see Table 5.1). 
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Figure 5.7 Break-even situations of present and new (split) hinterland barge services 
according to the ‘multi hub terminals’ service model used in barge services 
to the Middle Rhine river section 

5.4.3 Collection/distribution transport via a Barge Service Centre 

In this collection/distribution model all small container batches are transhipped at the Barge 
Service Centre and are feedered in a collection/distribution network from and to their final 
terminal of origin and destination. Hinterland vessels still call directly at terminals when the 
call sizes are large.  
If we compare this service model with the multi-hub-model in this model the hinterland vessel 
has to visit one more terminal, i.e. the Barge Service Centre to drop and pick up small 
container batches. The major difference, however, is the organizational structure of 
collection/distribution transport. In theory collection/distribution transport can be organized 
more efficiently, because of a central collection/distribution centre. 
In the present situation interterminal transport of empty containers by barge is offered by Van 
Uden Container Barging as a flexible line service, i.e. the schedule of the barge services 
depends on the fluctuations in transport demand. These barge services cover the whole port 
area. The services have an irregular pattern and the tariffs are hardly related to distance: tariffs 
range from 15 Euro per TEU to 20 Euro per TEU for the longest distance, i.e. between the 
Eemhaven and the Maasvlakte area. Organising these services via a Barge Service Centre 
may reduce the sailing costs of feeder transport, but substantial savings cannot be realized 
because these tariffs are already quite low. 
The use of a central collection/distribution centre puts another asset of this service model 
forward: concentrating the exchange of containers between the trunk line and 
collection/distribution services in one centre or terminal offers opportunities for more 
efficient handling operations. As the share of handling costs in the total feeder costs is about 
80%, cost savings here would be most effective. 
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To summarize, if the Barge Service Centre model can realise a reduction of feeder transport 
tariffs, either by savings in sailing and/or handling costs, then this model would almost always 
perform better than the multi-hub terminals model. How much this reduction of feeder 
transport tariffs could be has not been extensively analysed in this study. However, as Table 
5.1 shows the difference between the break-even tariffs of the multi-hub and Barge Service 
Centre model are in favour of the multi-hub model (and are caused by one less terminal call in 
this model), but they are small. If the Barge Service Centre model can induce a feeder tariff 
reduction from 95 to 75 Euro, it would become the most preferable model in every situation. 

5.4.4 Collection/distribution transport via a Container Exchange Point 

The ultimate solution of splitting a barge service into a trunk line operation and 
collection/distribution operations would be the situation in which the hinterland vessel has to 
call at only one terminal in the port. This service model has been defined as the Container 
Exchange Point Model.  
A Container Exchange Point could be located near the landside entrance of the port, e.g. 
somewhere in the Eem/Waalhaven area. Hinterland vessels would then gain a maximum time 
saving in the port. Time spent in the port would drop from 18 hours to about 1 hour, assuming 
that the capacity of the Container Exchange Point is sufficiently large to avoid long waiting 
times. Again this time saving could be converted into additional revenue through the transport 
of extra containers. Knowing the transport tariffs for hinterland transport, the break-even 
situations can be recalculated again. Assuming a feeder tariff of 95 Euro per TEU the break-
even transport tariff for services to the Middle Rhine region would be 233 Euro per TEU, 
which is much higher than the present tariffs to this region (see Table 5.1). The increase of 
potential transport volume is large (204 TEU) and so is the revenue, but the fact that all 
containers must be transhipped and feedered at a price of 95 Euro per unit is prohibitive in 
this service model. As Table 5.1 shows, this model would also be unprofitable for services to 
destinations at the Lower and Upper Rhine river region. 

Table 5.1 Summarized results on the feasibility of new (split) hinterland barge services 
using different service models in the port (HUB, BSC, CEP*): break-even (or 
minimal required) hinterland transport tariffs at different feeder transport 
tariffs (in €/TEU) 

Hinterland services to: Lower Rhine Middle Rhine Upper Rhine

Feeder transport tariff HUB BSC CEP HUB BSC CEP HUB BSC CEP 

50 51 55 99 90 98 148 167 184 246 
75 62 67 135 105 115 195 192 211 315 
95 (present tariff) 71 76 164 118 128 233 212 233 370 
100 73 78 171 121 131 242 217 238 384 
125 84 90 207 136 148 289 242 265 453 
Range of present  
hinterland transport tariffs: 50 - 100 125 - 140 160 - 190
* HUB: multi-hub terminals, BSC: Barge Service Centre, CEP: Container Exchange Point. 

Recapitulating the results on the feasibility of all three service models, both the multi-hub 
terminals and the Barge Service Centre model appear promising, but under the specific 
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circumstances that have been assumed, these models would only be profitable if applied to 
hinterland transport services to the Middle Rhine region, i.e. middle-distance services.  
Overall the multi-hub terminals model shows the best performance, but if the Barge Service 
Centre model can realise its potential savings in feeder transport it can surpass the 
performance of the multi-hub terminal model. 

5.4.5 Sensitivity analysis on the results 

As regards the feasibility of the service models many parameters play a part. In order to test 
the influence of parameter assumptions on the results a sensitivity analysis was carried out. 
As a starting point for this analysis the parameters and results of the multi-hub terminals 
model were taken. The following assumptions have been successively altered: the number of 
terminal calls (scenario A), the crane productivity (scenario B), the share of feeder transport 
(scenario C), the cost of feeder transport (scenario D) and the cost of chartering additional 
vessel capacity (scenario E). The results are shown in Table 5.2. Evidently a reduction of 
number of terminal calls, feeder and charter costs, as well as a smaller share of feeder 
transport, i.e. less smaller container batches, will lower the break-even tariff and hence 
improve the feasibility of split barge hinterland services. On the other hand higher crane 
productivity also makes the conditions for split services more favourable. A change of the 
conditions in this direction would also bring the feasibility of split services for Lower and 
Upper Rhine river services closer to reality. However, changing these conditions are to a large 
extent beyond the control of barge operators. 

Table 5.2 Effects on the break-even hinterland transport tariff under changed 
assumptions (basis scenario assumptions relate to the multi-hub terminals 
model for services to the Middle Rhine river region) 

Scenarios Reference 
situation 

Basis scenario 
(HUB MR service)

A B C D E 

# terminal calls 
   - sailing time (h.) 
   - waiting time (h.) 

10 
8 

10 

4 
5,25 

3 

3   
4,75 
2,25

4 
5,25 

3 

4 
5,25 

3 

4 
5,25 

3 

4 
5,25 

3 

Crane productivity 
(moves/hour) 

15 15 15 20 15 15 15 

Share feeder transport  (%) - 25 25 25 20 25 25 

Feeder costs (Euro/TEU) - 95 95 95 95 55 95 

Marginal charter costs 
(Euro/week) 

- 7000 7000 7000 7000 7000 6000 

Break even hinterland tariff 
(Euro/TEU) 

- 118 109 94 106 93 109 
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5.5 Opportunities and threats for the implementation of trunk line and 
collection/distribution services 

As we have seen in the previous section there are several variables which can produce an 
effect on the feasibility of these split services, but also less tangible conditions may come into 
play if decisions on implementation have to be made. From this point of view the following 
opportunities and threats are distinguished:  

Cost structure of feeder transport 
The costs of feeder transport services play a decisive role in the feasibility of split operations 
in barge hinterland services. Looking at the cost structure of the present feeder transport 
services the sailing costs are just 15 – 20 Euro per TEU, while the handling cost are about 70 
– 80 Euro per unit. These handling costs cover two moves, i.e. to load and unload a unit. In 
order to further improve the attractiveness of split services, solutions to reduce the handling 
costs would be most effective. If it would be possible to have just one move, i.e. board-to-
board transhipment, already a large cost saving would be gained. The organisation of board-
to-board transhipments can, however, be a logistical complex process, in particular in case 
several vessels are involved. One of the requirements is that the sailing schedules of vessels 
calling at the transhipment terminal are well tuned (see also Konings, 2006). From this 
perspective operating push boat – push barge formations in feeder transport seems more 
promising than motor vessels. Given that these formations can be uncoupled, the cheap push 
barges can act as a floating stack unit awaiting to receive containers while the expensive push 
boat can remain productive by sailing. 

Increase of time spent in the seaport 
Possible time savings depend on the reduction in the number of terminal calls and consist of a 
reduction in the sailing and waiting times at terminals. It is clear that the waiting time carries 
more weight in potential savings than sailing time. It is not unlikely that the average waiting 
time per terminal will further increase in the near future, due to increasing throughput in the 
port of Rotterdam. A substantial expansion of terminal capacity is planned by the enlargement 
of the Maasvlakte area (Maasvlakte II), but this is not expected to become operational before 
2013. These new terminals will reduce capacity problems at existing terminals, but they will 
be established at a new location. Consequently the number of terminals in the port rises and 
this enhances the chance that barges have to hop between terminals. This would mean an 
increase of the time spent in the port and thus making split services more attractive.  

Construction of a barge – feeder terminal at Maasvlakte area 
To increase the handling capacity for deep-sea vessels in the medium term, the port of 
Rotterdam has decided to relocate the handling of barges and small sea vessels (feeder 
vessels) partially to a new, to be built terminal at the existing Maasvlakte area. The 
construction of this terminal should be realised in the year 2008. It can be used for barges 
having a small number of containers aboard for one or several terminals located at this 
terminal area. From there containers can be transported to these terminals by terminal 
transport equipment, i.e. multi-trailer trains. This process would reduce the number of 
terminal calls for barges and would be very similar to the idea of what we called the multi-
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hub terminal model except that collection and distribution of containers takes place by a road-
like transport system.  
Such an organisation for dealing with small call sizes was tried before at the Maasvlakte area, 
but it failed because the terminal operator could not pass the costs of terminal transport on to 
the shipping line. Shipping lines prefer barges to call at their own terminals, despite of small 
call sizes, in order to avoid these additional terminal transport costs. Moreover, shipping lines 
strive for a high utilisation rate of their own deep-sea terminals. These interests of shipping 
lines could undermine the idea of this barge – feeder terminal. 

Freight consolidation in the hinterland 
Traditionally the leading principle for container barge hinterland services has been to load 
containers in the hinterland for all destinations in the port, resulting in the pattern of a small 
number of terminal calls in the hinterland and many calls in the seaport. Encouraged by the 
dramatic waiting times at terminals in the port barge operators have started to rethink these 
operations: shifting round some of these operations! That is to say, if a vessel only loads those 
containers in the hinterland that are destined for only one or a few terminals in the port, this 
will improve the handling process in the port significantly. According to this approach more 
calls in the hinterland may be needed to sufficiently fill a vessel in this way. Alternatively, 
barge operators can collaborate to load such ‘dedicated’ vessels together19.  
A major condition to enable this consolidation of freight in the hinterland efficiently is a 
change in method of working of inland terminals. Instead of stacking containers according to 
seaport destination (Rotterdam or Antwerp), containers should be stacked by seaport terminal 
destination. This makes container stacking a more complex activity and may also demand for 
additional space. It will be a great challenge to get the inland terminals their operational 
processes adapted. 

Decreasing time margins in sailing schedules 
Due to heavy competition in container barge transport, sailing schedules are increasingly 
based on fast turnaround times for the vessels, that is to say, the margins in sailing schedules 
tend to be kept small, while as the situation in Rotterdam demonstrates, there is actually a 
need for larger margins. As a result, it becomes increasingly difficult for a vessel to cope with 
incidents and delays without over-running its sailing schedule. This wish to have small time 
margins could therefore support the idea of feeder transport. 

Organizational and logistical complexity of the split barge hinterland service 
Outsourcing of the collection/distribution transport in the port will also entail additional 
administration, which increases the probability of errors. Moreover, the collection/distribution 
services should be well tuned to the trunk line services in order to remain competitive for the 
existing barge hinterland services in terms of the transit time of containers. 

Loss of control in the transport chain 
The introduction of collection/distribution transport services would eventually mean that a 
barge operator active in hinterland transport would have to give up a part of his transport 
                                               
19  If several barge operators have a small batch of containers to load at an inland terminal that have the same 

destination terminal in the seaport, it is more efficient to bundle these batches instead of each barge operator 
collecting his own container batches at several inland terminals. 
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operations. Another barge operator would take over responsibilities in the port, which could 
weaken the commercial relations of barge hinterland operators with the deep-sea lines, who 
are also their clients. Barge operators might therefore take a conservative attitude towards 
feeder transport, considering it a threat to their strong position in the chain of hinterland 
transport. 

‘Phantom’ revenues 
An important barrier for implementation might be that barge operators may have doubts about 
the possibilities to capitalize the time savings in the port. As discussed earlier, time savings 
are only useful if they can be used productively. In other words, barge operators want to be 
sure that the costs of feeder transport can indeed be earned back by more productive or cost-
efficient trunk line transport services. Of course this is much easier to accomplish in a market 
that is still growing than in a stagnating market. However, there are also limits to increasing 
the capacity of vessels. A much larger vessel may be unable to sail according to the weekly 
patterns (see Figure 5.6), because of an increase in total loading and unloading time. This time 
schedule problem can to some extent be avoided if the number of terminal visits in the 
hinterland is also reduced, because loading and unloading a number of containers at one 
terminal is always less time-consuming than handling the same number of containers spread 
over several terminals. However, this would assume that demand for container transport at 
one hinterland terminal is sufficiently large to fill a vessel. 

5.6 Conclusions 

Cheap and reliable barge services are of strategic importance for the port of Rotterdam in 
accommodating hinterland container traffic. As we have addressed in this paper, the way 
barges are currently handled in the port is far from optimal and this inefficiency endangers the 
future role of barge transport in hinterland traffic. In order to improve barge handling in the 
seaport a re-organization of container barge services has been proposed and evaluated in this 
paper. This re-organization consists of splitting existing services into a trunk line operation 
and collection/distribution operations in the seaport.  
It has been demonstrated that the barge operator in the hinterland transport could improve its 
productivity and hence gain substantial additional revenue if the number of terminal visits in 
the port could be reduced. This reduction of terminal calls can be achieved if these barge 
operators avoid terminal visits that involve a small call size. This means that small container 
batches having different terminal origins and destinations should be re-organized through 
specific collection/distribution transport services. The additional revenue can be sufficient to 
more than offset the additional costs arising from these collection/distribution services. The 
total effect can be a cost improvement of container barge transport in the hinterland. The 
potential benefits however depend on specific conditions. In particular, the distances in the 
hinterland services and the market tariffs of these services are distinctive factors. Of course 
the design and organization of these collection/distribution services is a crucial element, 
because it determines the costs of these services. A cost reduction would further improve the 
attractiveness of these split services to the hinterland. The most promising solution for such a 
reduction can be found in the transhipment costs of containers. If transhipment between the 
trunk line section and the collection/distribution section can be achieved by one move (i.e. 
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board-to-board transhipment) this would substantially improve the competitiveness of these 
split services.  
The Barge Service Centre model and the Container Exchange Point model seem to offer the 
best conditions to accomplish efficient handling operations, because they can be developed as 
a dedicated facility. However, an inherent disadvantage of the Container Exchange Point 
model is that all the containers must be handled more times, which has serious effects on the 
costs. Further research is needed to investigate terminal designs, which enable efficient 
transhipment processes. Also the best location of such a Barge Service Centre needs to be 
further explored. The issue of exchanging containers efficiently in the Barge Service Centre 
does not only touch upon questions about the most convenient terminal lay-out and equipment 
for handling, but also concerns the types of vessels to be used. The use of push barges can 
offer some very interesting advantages in a collection/distribution transport system, but in this 
field there is also further research to be done.  
The advantages of this new barge transport service concept to improve the efficiency of barge 
handling may go well beyond the interests of the barge sector. If trucks operating in long-
distance hinterland transport could also use the exchange terminal facility as a container drop-
off and pick-up point instead of visiting the different terminals in the port these truckers may 
avoid road congestion that particularly occurs in the port terminal areas. This would improve 
the efficiency of container trucking and the port accessibility. The added value of this 
additional function will however strongly depend on the location of the exchange terminal. 
Moreover, the use of an exchange terminal could improve the performance of the marine 
terminals. Since the new barge transport concept is focused on realizing large call sizes – and 
the average productivity of handling containers in large call sizes is higher – the crane/quay 
productivity at marine terminals can increase. In addition, the concept could support a better 
utilization of space at marine terminals: if the exchange terminal can also facilitate a storage 
function for (empty) containers it can contribute to a reduction of the dwell time of containers 
at marine terminals. Considering the challenge of the port of Rotterdam to increase the 
productivity and to reduce the spatial pressure and congestion at its container terminals, these 
opportunities are major additional assets of this alternative approach to barge handling in the 
port. 
To conclude, barge handling innovations can only succeed if market parties accept them. It is 
important that the involved actors, i.e. barge operators, skippers and terminal operators, are 
convinced that improving the handling of barges is a win-win situation for all parties. A 
further deterioration of the performance of barge handling in the port is apparently needed to 
increase the sense of urgency for structural solutions, and to bring innovative barge handling 
concepts closer to reality. 
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Abstract 

Low cost operations have traditionally formed the competitive edge of inland shipping and, 
due to the exploitation of these comparative advantages the barge sector has succeeded to gain 
a substantial market share in container transport. To improve the competitiveness of container 
barge transport the cost and quality performance of terminals play a major role. 
Terminal handling is a major cost frontier, because the share of terminal costs in the total 
chain costs of barge transport is relatively large. Especially the handling of barges in the 
seaport is expensive. To enable new types of cost efficient barge services additional functions 
of a terminal come into play, i.e. there is a new challenge for the functional performance of 
barge inland terminals.  
This paper explores the future requirements and opportunities of barge terminals to further 
improve the competitiveness of container barge transport. Here the relationship between barge 
network design and terminal design is relevant. Based on a review of the major cost drivers in 
barge handling and the role of terminals in barge service networks, new challenges for 
container barge handling and possible solutions are discussed. A major conclusion is that a 
differentiated approach is needed in developing new terminal and handling concepts. The 
major drivers for this differentiated approach are the container volumes to be handled and the 
position of the terminal in the network.  
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6.1 Introduction 

In a relatively short time barge transport has become a well-developed mode for transporting 
containers in Northwest Europe. Reliable and low cost barge services together with the 
provision of additional logistic services, such as the organization of drayage operations, have 
increased the interest in container barge transport as an alternative for road transport (De 
Vries, 2000). Since the early nineties container barge transport has shown spectacular growth 
figures: total traffic in Europe crossed the 1 million TEU mark around 1991, the 2 million 
TEU mark in 1996 and the 3 million TEU mark in the year 2000 (Deplaix, 2002). The 
estimated barge traffic in 2004 exceeded 4 million TEU. Although these volumes are 
significant they represent, roughly estimated, only 1% of the total transport performance (in 
tonne-kilometres) in Europe and a share of 8% in the total performance of the barge transport 
sector (Deplaix, 2002).  

Geographically the development of container barge transport has been dictated by the position 
and quality of inland waterways and the fact that this transport business is strongly related to 
deep-sea traffic. Container transport by barge is predominantly a transport mode to move 
maritime containers between the seaport and its hinterland. Due to the presence of the Rhine 
river it has been mostly developed between the seaports of Rotterdam and Antwerp and the 
hinterland in Germany. In 2004, total container traffic on the Rhine accounted for 1.8 million 
TEU. Due to its close relation with deep-sea traffic container barge transport also strongly 
developed as a mode for feeder traffic between the ports of Rotterdam and Antwerp. In 2004 
about 950,000 TEU were shipped between these ports.  
For a long time these international traffic flows have set scene for the container barge 
transport market. However, in the nineties also domestic hinterland services were started, 
demonstrating that barge transport can also compete with road transport on much shorter 
distances than previously assumed. Since then the number of services and transported 
volumes have rapidly increased. In 2004 about 880,000 TEU were shipped by barge in 
domestic hinterland traffic in The Netherlands and about 400,000 TEU in Belgium. Currently 
barge transport has a share of approximately 30% in hinterland container traffic in Rotterdam, 
while rail counts for about 10% and road 60% (www.portofrotterdam.com). The modal split 
for Antwerp is comparable to Rotterdam (www.portofantwerp.be). The transported volumes 
by barge in Germany (170,000 TEU in 2004) and France (130.000 TEU in 2004) are modest 
and hence the barge share in the hinterland modal split is also small. In the port of Le Havre it 
was 6% and in Hamburg 2% in 2004 (http://www.havre-port.net/pahweb.html; 
http://www.hafen-hamburg.de/). Hinterland container transport by barge, however, is also on 
the way up in these countries. An overview of these major flows is given in Figure 6.1. 
The development of container barge transport has been successful so far, but there is a great 
challenge to further increase its market share significantly. The rapid growth of container 
throughput of ports is putting pressure on the capacity of their hinterland infrastructure. In 
particular the roads around the ports are already often clogged. For instance the port of 
Rotterdam envisages a throughput of 15.9 million TEU in 2020 (Municipality of Rotterdam 
and Port Authority Rotterdam, 2004), which corresponds to a growth of 70% over the period 
2005-2020. Such a growth figure for hinterland road transport would dramatically increase 
congestion and air quality problems. A much larger share of barge transport (next to rail 
transport) is therefore needed to keep the port accessible. In addition there is a need for barge 
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transport to play a role in freight transport that is eligible for intermodal transport, but has no 
relation with the seaport. This continental freight transport market is even more dominated by 
road transport. 

Figure 6.1 Cross border and domestic container barge traffic in Northwest Europe 
(2004) 

Source: Drawn by the authors 

A modal shift towards barge transport is not a matter of course, but requires a permanent high 
performance of container barge services. Increasing transport volumes create opportunities for 
efficiency improvements in existing transport services offered by barges. On the other hand 
increasing its market share also assumes expanding into new geographical markets and hence 
the development of new barge transport services that can compete with road transport. A 
precondition for such a development is the availability and quality of the waterways. As 
Figure 6.2 shows, the network of waterways in Northwest Europe is quite extensive, but there 
is also a large variation in navigational conditions.  
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Figure 6.2 Classification of waterways in Europe and the position of major waterways 
in relation to important economic centres 

Source: Via Donau and VNF (adapted from De Vries, 2006) 
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New type of barge operations can be an answer to this challenge of market development 
(Notteboom and Konings, 2004), but the role of terminals in improving the attractiveness of 
container barge transport may not be overlooked.  
First, the share of terminal handling costs in the total barge transport chain costs can be 
significant. Dependent on the transport distance (length of the barge haul and the pre- or post-
truck haul) it can easily amount to 30% (Macharis and Verbeke, 2004). The greater proportion 
of these costs on short distances makes handling costs a serious cost frontier to gain market 
share in short distance transport. 

Secondly, the quality of services of terminals is gaining importance in the total performance 
of the barge transport chain (Van den Arend et al., 2000; Wiegmans, 2003; Macharis and 
Verbeke, 2004). The reliability and transit time of intermodal barge services are strongly 
influenced by the terminal performance. Rodrigue (1999) argues that nowadays terminals 
even play the most important role in improving the efficiency in transport chains. He 
addresses the role of terminals in synchronizing flows having different geographical scales, 
different volumes and different time patterns. The increasing role of services is also visible in 
the expansion of activities of terminals from transhipment only to several additional services 
such as empty container storage, container cleaning, stuffing and stripping and sometimes 
even freight warehousing and assembling activities. Offering these logistical services appears 
to be a way to commit customers to the terminal and is therefore of strategic importance to 
increase the attractiveness of intermodal barge transport. The fact that the operation of a barge 
terminal in the hinterland and its barge services to the seaport are often in one pair of hands 
underlines these intertwined interests. Such developments confirm the notion that terminals 
are no longer merely a link in the transport chain, but are becoming an integrated part of the 
logistical chain.  

Considering this important role of terminals in container barge transport chains the question 
we address in this paper is: what are the future requirements and opportunities of barge 
terminals to improve the competitiveness of container barge transport? In elaborating this 
question we first start with an overview of current barge terminal handling processes showing 
the major cost drivers in barge handling and clues for cost improvements (section 2). The role 
of terminals for the competitiveness of barge transport can not be considered in isolation, but 
should be part of an analysis of barge service networks. Improving the performance of barge 
transport services may also require different qualities of terminals. In other words, the 
relationship between barge network design and terminal design comes into play here. This 
relation is being discussed through an overview of the developments in barge service 
networks and the role that barge terminals play in these networks (section 3). Based on the 
analysis of current terminal handling processes and the future requirements of terminals to 
enable more efficient and new types of barge transport services three main areas are 
distinguished where innovations in container barge handling would be promising and some 
possible innovations in these areas are discussed (section 4). The paper ends with general 
conclusions (section 5). 
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6.2 A closer look at the terminals for container barge handling 

There is a great difference between the equipment and working methods of terminals to 
handle barges in the seaport and in the hinterland.

6.2.1 Barge handling in the seaport 

The present way of handling barges in the seaport is not very efficient. On the one hand this 
has a technical background and on the other hand it is related to the organization of handling 
barges. 
The terminal handling costs for barges are dependent on the type and number of handlings 
that have to be performed at the terminal. In general two types of handling or barge moves 
can be distinguished. Containers can be picked up from the stack by a straddle carrier and 
transported to a crane that tranships the container aboard of a barge. Alternatively a straddle 
carrier can pick up a container from the stack and put it on a multi-trailer, which transports a 
number of containers to a crane to load aboard of a barge. If the distance between container 
stack and barge is significant (usually at large terminals), the latter process is preferred. 
However, it is more complicated, in particular compared to road transport where usually only 
a straddle carrier is needed to handle trucks. These circumstances, and especially the use of 
expensive quay cranes, explain that a container handling (move) is about 30% more costly for 
a barge than for a truck (Macharis and Verbeke, 2004). 

The high transhipment costs are also explained by the use of quay cranes that are operated to 
handle deep-sea vessels. Due to their large size these cranes are much more expensive than 
dedicated barge cranes. Moreover, their productivity in handling barges is lower, because of 
their height, and related to that, their sensitivity to swing (causing a longer cycle time). 
Nevertheless, for reasons of optimal berth and crane utilization many barges are handled by 
deep-sea cranes, but the increasing role of barges in hinterland transport has now gradually 
also resulted in investments in barge quay cranes at deep-sea container terminals. 
Apart from these technical issues the way in which barge handling is currently organized is 
mostly far from optimal. This organizational inefficiency is in particular manifest in the port 
of Rotterdam and Antwerp and is related to the presence of many container terminals that are 
spread out over a large area in these ports. The bottom line of this inefficiency is the fact that 
barges have to visit multiple terminals in each of these ports (in Rotterdam sometimes more 
than 10 terminals). This involves a lot of time, which could be used more productively, for 
example for sailing. Moreover, as a result of visiting multiple terminals the call size is on 
average relatively small, leading to a relatively long handling time per terminal and hence a 
lower terminal productivity. In addition, as many barges call at the same terminal this causes 
congestion and waiting times at terminals. Furthermore, seagoing vessels also call at these 
terminals and in general these ships have priority over barges in handling and thus the waiting 
time of barges can increase. An additional problem is that when a delay arises at one terminal 
the barge may not catch the agreed time window for handling at the next terminal. So barge 
operators need to include large margins when planning their terminal visits to ensure reliable 
transport services. Altogether the duration time in the port is relatively long, which has a 
negative influence on the turn around time and total cost of barge services and hence on the 
competitiveness of barge transport. 
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6.2.2 Barge handling in the hinterland: inland terminals 

The development of container barge transport has been really stimulated by the introduction 
of container terminals in the hinterland. The first inland barge container terminal was 
established in Mannheim along the Rhine river in Germany and dates from 1968 (Van Driel, 
1993). However, significant growth of container barge transport took off from the early 1980s 
as a number of established ports along the Rhine invested in container transhipment facilities 
at their existing sites and also new terminals were set up within the vicinity of existing ports 
or even at new locations along the Rhine. No less than twenty new Rhine terminals were 
opened in the period 1980 – 1987 (Notteboom and Konings, 2004). Since then the number of 
terminals has steadily increased. In Germany currently there are more than 35 terminals 
including sites along other rivers than the Rhine river (De Vries, 2006). In the meantime other 
destinations in the hinterland of Rotterdam and Antwerp were opened up, because also barge 
container terminals in The Netherlands and Belgium were set up. Today in The Netherlands 
more than 25 terminals exist and Belgium records 12 inland terminals 
(www.inlandshipping.com; www.binnenvaart.be). 
Many of these terminals are more or less identical in terms of type of equipment, lay out and 
working methods. Differences in type of equipment may be the result of differences in 
development phase and, related to that, the size of the terminal. The starting point for 
establishing a new inland terminal and barge service is usually the presence of one or a few 
launching customers, which guarantee a minimum (threshold) transport volume to start 
operations and hence limit exploitation risks. In that initial phase, where volumes are still 
small, simple and rather inexpensive terminal equipment may be chosen, for instance a reach 
stacker (possibly secondhand) or a general-purpose crane that is mixed used for both 
container and general cargo transhipment.  

Looking at the cost structure of an inland barge container terminal the major investment costs 
consist of infrastructure, i.e. quay construction and grounds, and equipment, i.e. cranes and 
internal transport vehicles. Personnel and depreciation costs are the most important cost 
categories in the operational costs. About 75% of the total operational costs are fixed costs. 
This means that the number of moves strongly determines the costs per move: as the number 
of containers transhipped increases the cost per container can considerably decrease. Figure 
6.3 shows this relation between transhipment volume and costs for three different types of 
transhipment means. Note that these costs represent direct costs, excluding the costs for quay 
construction etc. 
The barge handler, which is a special reach stacker, has the lowest cost per unit for each 
transhipment volume. The capital costs of gantry cranes and mobile cranes are much higher 
and hence the handling costs are higher, particularly when the volumes are small. However, if 
handling volumes increase, beside costs, handling capacity and efficient land use at the 
terminal are gaining importance, and this makes the gantry crane the most preferred facility. 
Most inland barge terminals in Europe are equipped with one gantry crane (and some having 
two cranes) and dependent on their size they have ancillary terminal transport vehicles, e.g. 
reach stackers. 
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Figure 6.3 The relationship between transhipment volume and costs 

/ year

Source: Data from equipment suppliers (reference date: 2005), gathered by the authors 

As mentioned, the transhipment volume is of great importance for the profitability of a 
terminal. Van Klink (2004) shows that, given a handling tariff of 16 Euro per move, an annual 
volume of 30,000 moves is needed for break-even. He assumes a ‘green field’ development of 
a terminal, which means full investment costs, while handling equipment would consist of 
one barge handler only. A study of Decisio (2002) showed a break-even volume of 20,000 
containers for a ‘full cost’ terminal and 14,000 containers for a ‘low cost’ terminal, both 
operating a gantry crane. However, in this study rather high handling tariffs were assumed. 
Studies by Wiegmans et al. (1999) and Kessel and Partner (2002) are consistent with the 
findings of Van Klink.  
In practice the operational costs, and hence also the break-even volumes, of an inland barge 
container terminal can vary significantly between different terminals due to different 
circumstances (Van Klink, 2004). Many terminals have been set up with government 
subsidies, which lower the initial net investment costs. In addition, if a terminal for instance 
can be developed along an existing quay or if land can be leased instead of bought, this makes 
a great difference, as well as the possibility to use second hand equipment. Offering additional 
services such as container storage can generate additional revenue to cover a part of the 
terminal operation costs. Although these strategies can reduce the break-even transhipment 
volume, still a considerable volume is needed for profitable operations. In general the volume 
required to operate an inland terminal is more critical to start a hinterland container barge 
service than the volume needed to operate a barge vessel in that service. 

6.3 Developments in barge service networks 

A further improvement of the competitiveness of container barge transport requires 
improvements in the quality of barge services and cost reductions. Lowering the costs is of 
particular interest to improve the competitiveness in the short distance transport market (see 
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also Bontekoning and Priemus, 2004). As far as quality is concerned the following 
improvements are desirable: 

Reducing door-to-door transport time; as barge transport is a relatively slow mode this 
means that any time loss at terminals should be minimized (see also Rodrigue, 1999) 
because the terminal is the linking pin between barge and pre- and post-haulage by 
truck. Avoiding intermediate terminal stops also reduces the total transit time. 
Higher reliability; the majority of the European waterways still have a large reserve 
capacity and are able to accommodate substantial traffic growth without causing 
congestion. Barge transport is reliable, but since the handling time of barges in the 
seaport is capricious this is a threat for the reliability of barge services. Barge 
operators have to keep sufficient large margins in their sailing schedule. The costs of 
unreliability have become of growing importance, mainly as a result of the emergence 
of just-in-time deliveries. 
Higher transport frequencies; as shippers become more and more demanding a very 
frequent service (preferably once every day) is a pre-requisite to be an alternative for 
road transport. A high transport frequency can also partially compensate for the 
disadvantage of the slow speed of barge transport. The intervals between services 
become smaller, thereby reducing the waiting time for freight. Moreover, higher 
frequencies can also have a positive effect on the required stack facilities at terminals. 
More destinations to serve; the position and quality of the waterway network of course 
strongly determine the potential areas that can be served, but increasing the market 
share also assumes expanding the geographical coverage. This might be possible if the 
opportunities of small waterways are better utilized. 
Accessibility to the waterway network; the most competitive service area of a terminal, 
i.e. the region in which barge transport can offer cost competitive services to door-to-
door road transport services, is usually an area having a circumference of 15 km 
around the terminal. At a greater distance from the terminal to the customer the costs 
of pre- and post truck haulage often become too high. Despite that already a 
substantial number of terminals have been established this suggests that there is room 
for additional ‘terminals’ to attract new cargo flows. 

As will be shown, the type of service networks can play a role to achieve these cost and 
quality objectives. 

In the development of container barge service networks a number of phases can be 
distinguished, in which also the role and characteristics of terminals have evolved 
(Notteboom and Konings, 2004). 

In the very early days (early 1970s) only small containerized volumes were carried at 
irregular intervals by conventional barges from Rotterdam to conventional transhipment 
points on the upper part of the Rhine (Basel and Strasbourg) and the middle part of the Rhine 
(Mannheim and Karlsruhe).  

In the second phase (mid 1970s until mid 1980s) scheduled container line services gradually 
developed. For operational reasons these services were set up per section of the Rhine river, 
i.e. the Lower Rhine (as far as Bonn), the Middle Rhine (from Koblenz to Wörth) and the 
Upper Rhine (from Strasbourg to Basel) (see Figure 6.4). Soon these services also got a fixed 
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departure schedule. The number of terminals along the Rhine increased rapidly, and terminals 
were increasingly established as facilities to tranship containers exclusively. Barge operators 
became also involved in establishing terminals: setting up single-user terminals could well 
support their line services. In addition, independent terminal operators emerged by setting up 
common-user terminals.  

Typical for the next phase (mid 1980s until mid 1990s) was the willingness of barge operators 
to co-operate to raise the level of service and prevent ruinous competition, which resulted in 
jointly operated services. As a result the frequency of services increased to each of the three 
service areas along the Rhine (having three to five terminal visits in the hinterland and many 
calls in the seaport). As a result of growing transport volumes a limited number of direct 
point-to-point services were also developed (e.g. from Rotterdam to Duisburg). New 
terminals were now also developed along the Lower Rhine, confirming increasing 
competitiveness of barge transport on shorter distances (< 500 km). In this period also 
container barge transport between the ports of Rotterdam and Antwerp came to prosperity, as 
barge was discovered as an interesting mode for this feeder traffic of the deep-sea lines. Large 
transport volumes, large barges and high frequencies were and still are the major success 
factors for barge transport in this trade (A&S Management, 2003). These services take place 
between deep-sea terminals of Rotterdam and Antwerp and can be defined as semi-point-to-
point services (or point-to-point services with limited local collection/distribution), because 
they generally have a limited number of terminal visits within the seaports. 

In the fourth phase (mid 1990s until 2005) the types of barge services have become more 
diversified and also the service area has been expanded to outside the Rhine river corridor and 
the Rotterdam – Antwerp trade. Domestic hinterland services were started in The Netherlands 
(1995) and in Belgium (1996) and more recently in France (in the hinterland of Marseille and 
Le Havre) and Germany (in the hinterland of Hamburg). Almost all these domestic hinterland 
services are offered as a point-to-point service, i.e. a direct service between the inland 
terminal and seaport without intermediate stops. This has much to do with the transit time. 
The transit time should be kept small for these barge services on rather short distance, because 
of heavier competition with road transport. The fact that the exploitation of the barge service 
and the terminal are usually in one hand also fosters a direct service. 

Along the Rhine river corridor the increasing transport volumes have resulted in a 
rationalization in the number of terminal visits in the hinterland and have enabled the 
introduction of larger barges (e.g. motor vessels having a capacity of 400 TEU or even more). 
In addition, some new types of barge services were gradually implemented, mainly as a way 
to serve areas along the tributaries of the Rhine more efficiently. In these so-called trunk-
feeder services containers are shipped in regular (trunk line) services to ‘cross road’ terminals 
where these containers are transhipped to a feeder service to arrive at their destination 
terminal. These kinds of services were developed to Trier (along the Mosel), Frankfurt and 
Asschaffenburg (along the Main) and Dortmund (along the Rhine-Herne canal, RHK) (see 
Figure 6.4).  
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Figure 6.4 The Rhine river and its major tributaries 

Source: Adapted from Gemeentelijk Havenbedrijf Rotterdam, 1992

Direct services from the seaports to these destinations are not so attractive, because either the 
transport volumes are still rather small or the waterway imposes restrictions on the capacity / 
vessel size (e.g. caused by bridge height or lock size) to operate a vessel that is sufficiently 
large to offer cost-efficient services. Due to the fact that containers destined for these tributary 
destinations are bundled with containers for other destinations along the trunk waterway 
(Rhine), the service frequency can still be high, although the flows to these tributary 
destinations can be small. On a small scale containers are transhipped to a large inland 
terminal (e.g. Duisburg) where containers destined for other Rhine terminals are transhipped 
to a line service visiting those upstream-located terminals. In these combined (trunk-feeder) 
services transhipment is usually performed through temporary stacking of containers on the 
quay or occasionally through a board-to-board handling (which saves the cost of one 
additional handling). The cost of this additional intermediate transhipment can be 
compensated by savings in network operations (sailing costs). 
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During this past decade the most striking changes at terminals have been that a number of 
terminals have been seeking complementarity between rail and barge transport by realising 
connections to the rail network (e.g. along the Rhine river Emmerich, Neuss, Duisburg, Mainz 
and Mannheim). In offering possibilities for combinations of barge-rail services they have 
addressed their position for being a hub for multimodal services. Furthermore, in reaction to 
the increasing size of vessels new cranes have become larger. Most of those new cranes are 
now also able to handle vessels with the standard width of 11.80 m side by side. The 
extension of services at terminals, including stocking facilities for container cargo at inland 
terminals, is typical for this fourth development phase of container barge transport. These 
developments at terminals indicate that many terminals have become more focussed on new 
ways to attract additional cargo flows and to handle large transport flows.  
In the next phase (from 2005 to 2015) a further optimization of existing barge services and the 
development of new types of service network configurations can be expected. On the one 
hand it is likely that the point-to-point services, enabling the best performances in terms of 
costs, transit time and reliability, will gain importance as container transport growth shapes 
the conditions to offer such services. On the other hand the increasing number of terminals 
will create conditions to revise barge operations assuming that a hierarchy in terminals will 
emerge (see also Notteboom and Konings, 2004). Some selected strategically located 
terminals will obtain a hub status with important exchange functions (not only between barge 
and rail, but also between barges) and serving large and on long distance located markets, 
while other terminals become subordinated to these hub terminals in particular serving local 
and regional markets. This configuration will meet the demand for large transport volumes to 
a selected number of terminals which might be served directly by very large vessels even with 
high frequencies, and the demand for fine-meshed transport to small terminals with fast small 
to medium-sized vessels. 
To some extent this structure is already visible for trunk-feeder services, although the 
applications are limited yet. However, it would become much more prominent through the 
introduction of hub-and-spoke barge networks, where container flows between origin and 
destination terminals are directed via a strategically located main (hub) terminal. Since the 
hub-and-spoke network is pre-eminently suited to implement new services between origin-
destination pairs for which the transport flows are too small to run a direct (point-to-point) 
barge service it can support market expansion. 
These new barge network developments seem to offer promising opportunities to increase the 
competitiveness of container barge transport, but they also imply important challenges for the 
future functionality of barge terminals. 

6.4 New challenges for container barge handling 

In view of the role of barge handling in the total intermodal barge transport chain and its 
specific position in barge service networks, three main areas can be distinguished where 
innovations in container barge handling look promising to increase the competitiveness and 
hence the market share of container barge transport. 
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6.4.1 Barge handling in the seaport 

Volumes that need to be handled in the seaport are large (and still growing), but they are dealt 
with in a fragmentary way. Furthermore, the transhipment costs are high and the process is 
time-consuming. The challenge here is to develop concepts that are able to handle large 
volumes in a cheap and fast way. 

Barge Express
Already in the mid 1990s a concept was proposed, named Barge Express, to improve the cost 
and quality performance of barge container handling and barge sailing in the hinterland 
transport of Rotterdam.  To reduce sailing costs the concept assumes maximizing the scale of 
operations, i.e. using large push barges (144 x 22,8 metres having a capacity of 624 TEU or 
72 x 22,8 metres having a capacity of 280 TEU to be used in a two barge formation). The size 
of these push boat/push barge(s) formations would enable sailing in the Rhine up to Mainz 
(see Figure 6.4). A reduction of container handling costs is realised by automation of the 
loading and unloading process. The barges are equipped with cell guides to facilitate an 
automatic loading and unloading process, which makes Barge Express a real integrated 
concept for container barge transport and handling (see Figure 6.5).  
The (un)loading process is supported by computers, automated quay cranes, automated 
guided vehicles (AGVs) and automated stacking cranes (ASCs). These elements are all based 
on proven technology and are already used at the Delta terminal in the port of Rotterdam, 
except for the automated quay crane. However, its technology is known. In order to maximise 
the productivity of the large-scale transport units the number of visiting terminals is 
preferably limited. The system is aimed to offer point-to-point services between marine 
terminals in the seaport and barge terminals in the hinterland. In the seaport the Barge Express 
terminal has no quay stacking facilities, because loading and unloading of push barges is a 
simultaneous process: after AGVs arrive at the Barge Express terminal to load a push barge, 
the released AGVs are used to load containers from the unloading push barge. In this way 
terminal transport can be optimised through combining pick up and delivery trips. At the 
Barge Express terminal in the hinterland the loading and unloading of barges is a sequential 
process. The push boat arrives with a push barge for unloading and immediately leaves with 
another push barge loaded earlier. When a container arrives at the terminal by truck it can be 
moved directly from the truck in the push barge, which then acts as a floating stock. 
Containers arrived by barge and to be picked up by truck are first moved into a stack by 
AGVs and ASCs. In other words, the Barge Express terminal in the hinterland will have an 
important storage function. 
The sailing speed of pushed convoys will be on average about 15 km/h. The system capacity 
depends on the number of push boats and push barges that are implemented as well as the 
transport distance of services. One push boat and three large push barges can offer a daily 
service in two directions up to a distance of 80 km, which means a daily transport capacity of 
1248 TEU. One of the three push barges acts as a floating stock facility at the hinterland 
terminal enabling the push boat to have a short turnaround time in the hinterland. This push 
barge will be transported in the next daily service. 
Preliminary studies have shown that the Barge Express system could bring savings in the total 
barge chain costs (seaport terminal costs, sailing costs and inland terminal costs). These 
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savings range from 15 to 22 Euro per 40ft container, which could be a 10% to 15% reduction 
in the total costs (TRAIL Research School, 1996). 
The investment costs and investment risks are rather modest due to the fact that proven 
technology is used. The push boats can be chartered on the spot market, while the 
construction of large push barges equipped with cell guides is relatively simple. In case the 
concept would fail the dedicated barges could be easily transformed into barges suitable for 
transport of other type of cargo. The automated vehicles and stacking cranes could still be 
used to transport and handle containers in the container yard. 
At the time this concept was proposed and studied – in 1996 – container transport volumes 
between the port of Rotterdam and large existing inland terminals (the port of Duisburg 
acknowledged as the most promising location) were found too small to develop such a large-
scale container transport concept economically. A barge express terminal in Duisburg would 
require additional volumes originating from other distant Rhine regions, but the associated 
higher pre- and post haulage transport costs would offset the cost savings achieved in the river 
leg. Looking over the volume growth of Rhine barge traffic over the last decade and the 
development in Duisburg in particular, such a concept would deserve re-consideration. 

Figure 6.5 Barge Express system (vessels, cranes and terminal lay out) 

Source: TRAIL Research School, 1996 

Barge Hub Terminal
Another idea, which is now seriously considered, is the development of a so called Barge Hub 
Terminal (BHT) in or near the port of Rotterdam. The concept assumes that barge hinterland 
services are offered via this intermediate terminal: it functions as a collection/distribution 
point for (barge) containers transported to and from the hinterland.  
The aim is to reduce the number of calls in the port of Rotterdam, and there are several 
different types of possible operations (see Pielage et al., 2007). The barges could for instance 
only unload the small call sizes at the BHT and then continue to the port (with a reduced 
number of calls), or at the other end of the spectrum they could unload all containers at the 
BHT leaving the distribution in the port to other barges. Figure 6.6 shows the operations in 
this latter process. For the return flow, from the port to the hinterland, the BHT could of 
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course perform the same collection/distribution or exchange function. Figure 6.7 gives an 
artist impression of such a barge hub terminal. 

Figure 6.6 A barge hub terminal to exchange containers between hinterland transport 
vessels and port collection-distribution transport vessels  

Source: Pielage et al., 2007 

The Barge Hub Terminal appears to be an economically and environmentally sustainable way 
to respond to increasing growth of hinterland transport as the following benefits of this 
network are envisaged:  

Performance improvement of barge hinterland operations: 
improvement of the hinterland vessel turnaround time (higher productivity), because 
of a reduction of the number of calls in the port; 
improvement of the cost and reliability performance of barge hinterland services. 

More efficient performance of marine terminals: 
a higher crane/quay productivity, because the average productivity of handling 
containers in large call sizes is higher; 
a better utilisation of space at marine terminals as the dwell time of containers at 
marine terminals can be reduced if the barge hub terminal can also facilitate a storage 
function for (empty) containers. 
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Improvement of port accessibility to and from the hinterland: 
A barge hub terminal may also act as an ‘extended gate’ for container trucks operating 
in long-distance hinterland transport. By dropping and picking up their containers at 
the barge hub terminal instead of visiting the marine terminals trucker may avoid road 
congestion that particularly occurs in the port terminal areas. Hence they also increase 
their productivity. 
By reducing the number of calls barges make in the port of Rotterdam, barge traffic 
and required lay-by berths will also be reduced. 

Sustainable environmental and social benefits: 
In its role as ‘extended gate’ for container trucks the barge hub network can contribute 
to: 
a reduction of traffic congestion in the port and at roads to the marine terminals; 
lower truck fuel consumption; 
air quality improvement (substitution of road kilometres by barge kilometres). 

Development of possible new markets 
A barge hub terminal can enable new container barge services between inland 
terminals for freight that has no relationship with the seaport, i.e. continental cargo. 
Bundling maritime and continental container freight on vessels sailing to the hub 
enables services between pairs of inland terminals that have insufficient transport 
volume to start a direct (shuttle) service. 

Figure 6.7  Artist impression of a barge hub terminal to streamline hinterland 
transport of the port of Rotterdam 

Source: Port Authority Rotterdam 
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Further research into the feasibility of this BHT-concept is needed. The different type of 
barge operations (including the type of vessels to be used) should be further analysed as well 
as the (distribution of) costs and savings for the many parties involved. In particular the 
terminal design and location should be considered in more detail as the handling costs at the 
BHT are a crucial factor in the cost-benefit calculations. 

6.4.2 Barge handling in the capillaries of the waterway network 

In order to increase the potential market for container barge transport it can be useful to 
expand the number of locations to get access to barge services, in particular in the capillaries 
of the waterway network, i.e. the small waterways. The opportunities to develop container 
barge transport on these waterways are still highly overlooked, in particular if the cargo flows 
are small. These waterways impose restrictions on the possible size of vessels and moreover if 
the volumes are small the handling costs per unit will often be too high to operate a 
conventional inland barge terminal.  
During the last decade several ideas have been launched with varying success to make barge 
transport attractive for these small flows. These ideas concern innovations in both vessels20

and terminals. 

Low-cost inland terminal
In 1998, a study was conducted on a barge terminal design that aimed to improve the cost 
performance of intermodal barge transport for small (continental) transport flows and hence 
would contribute to a better use of small waterways (Van den Wall Bake, 1998). This design 
focused on low-cost, small-scale operations (Figure 6.8) and included: 

An unmanned, self service terminal at which the shipping crew performs crane operations 
and terminal transport (to reduce operational costs); 
A light weight crane; 
Inexpensive quay facilities and shore protection; 
Stacking on wheels – decoupling of terminal processes and truck visits; 
An ability to be scalable for larger transport volumes (introduction of terminal staff, 
reorganization of terminal processes). 

Total investment costs of this terminal were estimated at 50% of the costs of a conventional 
terminal. This cost saving provides a favourable condition for developing competitive barge 
transport services. The feasibility study of this terminal concept was promising. Serious plans 
for a pilot existed, but the promised co finance of the government did not come through, and 
the private-sector investors retreated. 

                                               
20   In addition to self (un)loading vessels, for instance a new type of vessel was introduced (Neokemp), that 

among other innovations (i.e. speed, manoeuvrability and cockpit location) could increase its loading 
capacity compared to conventional vessels having the same size through a better use of space. Furthermore 
special container push barges have been designed and built (e.g. in France and The Netherlands) to 
maximize load capacity on very specific small waterway routes. 
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Figure 6.8 Artist impression of a low-cost inland terminal 

Source: Van den Wall Bake, 1998 

Self(un)loading vessels
As an alternative for this low cost terminal concept the idea of self(un)loading vessels got 
serious interest. Self(un)loading vessels offer a high level of flexibility regarding possible 
locations for loading and unloading cargo, independent of transport volumes. They are 
eminently suitable for small-scale and dispersed container transport. Several studies into 
self(un)loading vessels have been conducted involving different technical designs (Savenije, 
1997; Willems BV, 1998). Self(un)loading vessels proved technically feasible, but not 
economically feasible. The crane on board would consume too much space and restrict an 
already limited loading capacity of the vessel. In other words, the vessel size appeared to be a 
bottleneck in those designs of the late 1990s. 
In 2005 this idea of self(un)loading vessels has been taken up again, motivated by road 
congestion in the region of the port of Amsterdam in picking up and delivering containers for 
the local industry. Currently a successful pilot project is running in which a self(un)loading 
vessel performs the pick ups and deliveries in this region. However, the dimensions of this 
vessel (86 x 11.55 m) are close to the size of commonly used container barges and it has a slot 
capacity of 144 TEU (Figure 6.9). Its handling productivity (18 containers/hour) is not much 
lower than for a conventional inland terminal (about 25 containers/hour). It functions as a 
regional collection/distribution system: the services make the connection to deep-sea lines in 
Amsterdam. At the moment it also sails on to deep-sea terminals in Rotterdam and Antwerp. 
As such it still combines pure collection/distribution and line service characteristics. In the 
project the focus is now on expanding and improving a number of pick up and delivery points 
(e.g. jetties) in order to increase the accessibility of more companies and business areas.  
This vessel can possibly pave the way for a stronger position of barge transport in dispersed 
flows on short distance. 
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Figure 6.9 A self(un)loading container vessel in The Netherlands 

Source: www.mercurius-group.nl. 

6.4.3 Barge handling in more complex service networks 

As shown, the introduction of a new type of services, i.e. trunk-feeder services, has enabled to 
open up a new market for container barge hinterland transport, i.e. some tributaries of the 
Rhine, in a cost efficient and qualitatively competitive way. A next step in network 
development could be the introduction of a hub-and-spoke (H&S) network to capture other 
new geographical markets, such as for instance the market for continental cargo. In a H&S 
network origins and destinations are connected with star-shaped transport links (spokes) via 
one centrally located point, i.e. a terminal (hub). Due to its multi-directed (star-shaped) 
structure it would be pre-eminently suitable to enhance the geographical coverage of transport 
services. Moreover, owing to its typical features the H&S network is also very suited to 
implement new services between origin-destination pairs for which the transport flow is too 
small to run a direct (point-to-point) barge service. Both these characteristics are therefore 
highly supportive to enable market expansion. 
The additional handlings in the hub result in additional costs, but these costs may be 
compensated by the improved cost performance on the network as a whole. Implementation 
of point-to-point services between the hub and spoke terminals can keep the turnaround time 
of a vessel relatively small in order to make the vessel most productive, i.e. achieving 
economies of density, and the vessel size can be fully adapted to the waterway dimensions of 
the specific spoke, i.e. maximizing economies of scale. 
A critical factor in realizing such a service network is the organization of the container 
exchange in the hub. It will be a challenge to exchange containers efficiently, reliably and 
fast, taking into consideration that also the sailing schedules of vessels from different spokes 
should be tuned in order to offer acceptable transit times. This is a real challenge because 
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transhipment in barge transport is faced with some constraints that can endanger a fast and 
cheap exchange of containers.  

Loading/unloading times of barges are relatively long. The main explanation for this is the 
large capacity of vessels, compared to for instance the capacity of trains. It takes much time to 
unload and load a vessel completely, about 6 to 8 hours for a vessel that has a capacity of 208 
TEU. Of course, the time consumption will depend on the number of units to be exchanged, 
the available crane capacity and possible waiting times. However, partial exchange may result 
into other kind of problems. The time consumption of exchanging containers between vessels 
may have a negative effect on the total transit time within the transport chain. 

The difficulties of simultaneous exchanges. The exchange process requires vertical container 
handling operations by cranes. Direct exchange of containers between vessels is difficult to 
achieve, unless appropriate cranes are available and time schedules of vessels are tuned. If 
these conditions cannot be met, temporary quay stacking and additional handlings are needed. 
This will increase the transit time and costs within the transport chain. It is conceivable that 
containers can be regrouped horizontally through the exchange of push barges, making the 
exchange process easier. However, this assumes that containers can only be regrouped batch 
wise in rather large batches, which make the hub-and-spoke system less flexible.  

The importance of the loading/unloading order. Much more than for trains, the sequence of 
loading/unloading and the positioning of containers is critical and complex for vessels. 
Loading/unloading operations have to take into account vessel stability and the containers’ 
position aboard in relation to its destination to avoid digging up containers, which results in 
additional handlings. A good load planning may help to overcome this problem. 

Whether these circumstances, and the time and money costs involved, are a real barrier or not 
depends on the specific networks considered: costs savings on the network level (for instance 
by economies of scale) may overcompensate the additional costs resulting from exchanging 
containers between barges. 
The experiences with the trunk line-feeder services show that barge-barge networks can have 
a rationale. However, since exchange of containers in these services is between two vessels 
only, this is not a very complex process. However, the containers are usually not transhipped 
board-to-board, but are temporary stacked at the quay. 
In terms of physical design such a hub terminal could much resemble to the one that is 
currently under study for the port of Rotterdam (see Figure 6.7). 

6.5 Conclusions 

There is a big challenge to increase the market share of container barge transport. On the one 
hand in its role as a hinterland transport mode in contributing to keep the seaports accessible. 
On the other hand to increase its geographical scope, i.e. the development of transport 
services between continental origins and destinations. This assumes barge services that can 
compete with road transport by improving the efficiency in existing barge service networks 
and developing new types of service networks to capture new markets. 
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The role of terminals in realizing these objectives may not be overlooked. The relatively large 
share of terminal costs in the total barge transport chain makes terminal handling a major cost 
frontier. On the other hand the possibilities to operate certain barge service networks are 
strongly determined by the performance of terminals in these networks. New terminal and 
handling concepts can therefore contribute to making container barge transport more 
attractive. Different terminal and handling concepts are needed, in which the size of transport 
flows – large or small volumes – is an important distinguishing factor. To handle large 
volumes the focus should be on concepts that can reduce the time for loading/unloading. This 
holds in particular in the seaport, but also for inland terminals where volumes are growing and 
more and larger vessels need to be handled. In its possible role of being a hub the sorting 
function in an inland terminal becomes an additional requirement. Controlling the 
transhipment costs in these large-scale terminals is obviously very important, but this is even 
more the case for terminal and handling facilities aimed at handling small volumes. In 
capturing small volumes the transhipment costs must be kept low. Here low cost inland 
terminals and self (un)loading vessels can play a role to further open the market for container 
barge transport.  
This paper has demonstrated promising directions for new terminal and handling concepts and 
discussed some concrete study designs. To bring these concepts closer to adoption they need 
to be further developed and/or analyzed for the specific business cases. Exploring the 
willingness of actors to invest in these innovations will also be part of this process. 
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Abstract 

In many circumstances intermodal transport is not competitive to direct road haulage. 
Intermodal transport is often less cost-effective, more time-consuming and less reliable than 
road transport. The necessary handling and the initial and final road section in an intermodal 
transport chain play an important role in this respect. Cost savings and quality improvements 
in the handling systems at container terminals as well as in the initial and final road section 
are therefore vital instruments for enhancing the competitiveness of intermodal transport. The 
concept of ‘integrated centres for the transhipment, storage, collection and distribution of 
goods’, presented in this article, integrates these policy instruments. The integrated centre is 
characterized by the spatial and functional integration of container handling, storage plus 
businesses having intensive container transport. The key element of the centre is the centre’s 
own internal transport system. This paper outlines where, and under what conditions, these 
integrated centres could be best developed. Finally, the possibilities for developing such a 
centre at the Rotterdam Maasvlakte area are more fully discussed. 
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7.1 Introduction 

Numerous cargo handlers are on the lookout for new transport concepts to enable them to 
meet the steadily rising demands being made by their clients. lncreasingly, clients want their 
goods delivered faster, cheaper, more conveniently and just-in-time. Many are also of the 
opinion that the road network will be increasingly unable to meet such demanding quality 
criteria. Costly environmental protection measures and worsening congestion problems are 
expected to seriously compromise road haulage activities. Road transport will become 
considerably more expensive, more time-consuming and, all in all, less attractive than it is 
now. Many therefore see a shift to barge and rail transport, as part of a intermodal transport 
chain, as the answer. However, intermodal transport systems suffer a number of limitations, 
and in the face of worsening road transport conditions they offer no guarantee of success. 
This article presents a transport logistics concept which anticipates the shortcomings of 
current and future intermodal transport and which is intended to safeguard the quality of the 
most strategic transport chains utilized by the haulage industry. It will explain where, and 
under what conditions, the concept of ‘Integrated centres for the transhipment, storage, 
collection and distribution of goods’ can be applied. We will begin with a brief outline of the 
most important shortcomings of existing intermodal transport. 

7.2 The shortcomings of current intermodal transport 

As we have said, intermodal transport suffers a number of important shortcomings. Some are 
already evident, and others will become more pressing in the future, if radical changes do not 
occur. To start with, intermodal transport often cannot compete in ordinary cost terms with 
direct road haulage. In themselves, rail and barge transport are often competitive, but their 
advantage is frequently cancelled out by the added costs of the necessary handling and the 
initial and final road transport sections. These additional costs are relatively high, particularly 
over shorter distances (Figure 7.l).21 As road transport prices rise, so will these additional 
costs, and combined transport will suffer accordingly, unless initial and final road transport 
can be exempted from the increasing prices in road transport. The profound effect that these 
additional costs have on the total cost of intermodal transport means that it is in this area, in 
particular, that cost-saving measures must be sought.22

                                               
21Maritime combined transport, however, can compete more easily with direct road transport than can 

continental combined transport, as in this case the chain starts at a sea terminal, thereby omitting the initial 
road transport costs to the terminal itself. 

22 Reductions in rail and barge transport costs can nevertheless still be an important source of cost savings (see 
also Knight Wendling Consulting BV, 1995). 
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Figure 7.1 Cost structure of unimodal road haulage versus multimodal transport 

Source: Rutten, 1995 

Secondly, reliability and transit times in intermodal transport do not always come up to 
desired standards. This can be attributed to the existence of extra links in the chain of 
intermodal transport. The rise of shuttle services may have eliminated some of these linking 
problems, and thereby improved the quality of transport on the main route (rail or barge), but 
the junctions where one mode of transport has to adapt to another invariably exist.23 The 
mutual attunement of these different transport modes is of vital importance, and the handling 
qualities at these junctions will increasingly be decisive for the reliability and transit times of 
combined transport chains in the future, especially with rising payloads. 
Larger payloads in intermodal transport will not only increase the demands made on handling 
technologies at terminals, but will also make initial and final road transport arrangements 
increasingly critical. The growth of intermodal transport, after all, entails the growth of road 
transport activity around terminals (see Figure 7.2). This growth can threaten the accessibility 
of the terminal itself: a situation which can already be seen in Rotterdam’s busy harbour area, 
amongst others, and which is predicted to seriously affect a number of other ports in the 
future.24 This means that intermodal transport might, in a sense, actually fall victim to its own 
success, and finds itself unable to meet market expectations. 

                                               
23

Except where a train or barge can be loaded and unloaded within the premises of the business itself. 
24

 In this connection, Rutten (1995) points to the new terminal at Hamburg-Billwerder, designed to be able to 
handle 400,000 standard units by the year 2000. Though this capacity can effectively replace 250,000 long-
haul road journeys, it also means that 500,000 (!) freight transfers take place on roads to and from the terminal. 
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Figure 7.2 Transport intensity in the vicinity of a terminal 

For these reasons, cost savings and quality improvements in handling systems and in initial 
and final road transport arrangements will be an important starting point for new 
developments. Up to now, research efforts and field initiatives have been directed primarily 
towards technical improvements in handling techniques (Krupp Fordertechnik, 1993; Noel, 
1993; Mannesmann, 1995; Wijnolst et al., 1995; Huijsman et al., 1995) or towards the more 
efficient organization of initial and final road transport (see Venemans, 1994; Brugge et al., 
1994). Ideas for adopting a more integrated approach are less developed as yet. 

7.3 The concept of integrated centres for the transhipment, storage, 
collection and distribution of goods 

A freight transport concept which aims to meet the shortcomings described above is the 
concept of integrated centres for the Transhipment, Storage, Collection and Distribution of 
goods (TSCD) (see also Kreutzberger, 1992). Just as in intermodal transport, it assumes 
payloads with a standardized, unit form (containers for the most part, but also swap bodies 
and the like). 
The TSCD concept involves the spatial and functional integration of container handling, 
storage, plus businesses having intensive container transport, within a specially-designed area, 
a so-called TSCD site or TSCD centre. At this site the terminal may act as a key element 
within a cargo traffic centre. The elements of the TSCD centre are linked to the centre’s own 
internal transport system (Figure 7.3). This internal transport system collects the containers 
from the private companies established at the site and takes them to the terminal, and vice 
versa. The internal transport system also fulfils other functions; it moves containers from one 
terminal to another (in instances where the junction is multimodal) and also moves containers 
between terminals and storage areas (stacks). Extending the employment of such an internal 
transport system to include handling processes as well as collection and distribution functions 
can make the centre’s entire handling system markedly more efficient. 
The internal transport system has to move containers cheaply, quickly, reliably and flexibly, 
so that the price and quality of initial and final transport can improve that offered by a 
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conventional road haulage system. The descriptions of these tasks should encourage us to 
think about transport and handling techniques in which automation plays a role. The scale of 
transport and handling activities, the fact that standard units are employed, added to the desire 
to keep handling and transport costs as low as possible, all point to the possibility of 
automation. 

Figure 7.3 The elements of an TSCD centre 

The special value of the TSCD concept arises along two dimensions. In the first place, siting a 
business in the immediate vicinity of a terminal obviously reduces the initial and final 
transport distances involved (the concept’s spatial dimension). This has beneficial effects on 
costs, transit times, and the reliability of intermodal transport techniques. Secondly, an 
internal transport system to be used for the collection and distribution of containers to the 
companies on the site and well tuned to the transport and handling techniques at the terminal, 
makes a more efficient initial and final transport phase possible (the concept’s functional 
dimension). The price and the quality of the entire intermodal transport chain are thereby 
further improved. These two dimensions are not mutually independent; one can strengthen the 
other. The agglomeration of businesses very near the terminal will create a support base for 
intermodal transport services. On the other hand the internal transport system can enhance the 
overall attractiveness of intermodal transport itself and therefore of the TSCD site as a place 
of business. 
The combination of the two dimensions ensures that transport via a TSCD-chain is cheaper, 
faster and more reliable than conventional intermodal transport or direct road haulage. 
Efficiency will be further enhanced by a network of TSCD centres, that is to say, if both ends 
of the transport chain employ the TSCD concept. Figure 7.4 shows this in diagrammatic form. 
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Besides its purely commercial interest, the TSCD concept also brings clear social benefits. 
The reduction of road haulage, arising partly from shorter initial and final transport runs and 
partly from an alternative for road transport25, is of benefit not only to other road users but 
also to the environment. 

Figure 7.4 The TSCD concept as response to declining quality in the transport chain 

                                               
25

 The substitution effects are twofold, involving on the one hand initial and final road transportation and on the 
other hand direct road haulage. In the latter case, intermodal transport would increasingly replace long-haul 
trucking. 
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7.4 Potential businesses for a TSCD centre 

The TSCD concept is directed towards those businesses which make the highest demands of 
their goods transport facilities: in other words, businesses for which the price and quality of 
transport is of crucial importance for the success of the chosen distribution strategy. These 
strict demands are to be found primarily in those business sectors increasingly opting for 
global production together with centralized distribution systems. Since their products are 
manufactured worldwide and then stored at, and distributed from, just one (or a very few) 
location(s), their logistic chains are somewhat stretched, and their transport programme is 
consequently subjected to higher demands. Supplies must arrive cheaply and reliably, and 
deliveries must reach their destinations quickly and reliably. These, in fact, are the transport 
features which the central European distribution concept has to thank for its existence. 
European (and other) distribution centres have also demonstrably confirmed the importance 
of these factors in their location strategies. Such businesses are showing increasing interest in 
handling locations which are well situated from a market-geographical point of view and 
which can offer the quality of handling that today’s businesses demand. Various distribution 
centres have already opted for sites close to an established terminal, in the expectation that 
this will cover the risk of declining in transport chain quality due to increasing road traffic 
congestion.  
Such distribution centres need not be the only prospective clients for a TSCD site, but it is 
clear that businesses like these, with high transport intensity, container use and a ‘footloose’ 
character, are ideally suited to a TSCD centre (see also Konings, 1996). 

7.5 Potential locations for TSCD centres 

Potential TSCD centres would include, in the first instance, those terminals at which several 
businesses of a given type already share a site: a so-called ‘distripark’. The presence of such 
parks at terminals is no longer a new phenomenon, although most European distriparks are 
still to be found near important motorway interchanges (St Quintin, 1993). Since terminal 
operators have perceived that shippers and transporters appreciate supplementary terminal 
services which can raise the added value of their product distribution services, the number of 
such services at and near terminals has been growing. This started with the offer of fairly 
simple container services (empty depots, container repairs, etc.) and has expanded steadily, 
moving into various forms of physical distribution activity carried out on neighbouring 
business sites. 
In Germany, this has resulted in the emergence of Güterverkehrcentren; these include 
intermodal handling facilities and are railway freight handling locations for the combining of 
part-loads from regional distribution centres of the post offices and from other transport, 
distribution and logistics companies (Kreutzberger, 1994). Similar freight handling centres are 
also emerging in other countries (‘Freight Villages’ in the UK, ‘Interporti’ in Italy: NEA et 
al., 1992). A number of such rail-terminal-linked business sites or distriparks have also arisen 
in the Netherlands (Eem/Waalhaven and Botlek in Rotterdam and the Venlo Trade Port in 
Venlo, amongst others). 
Given their modern approach, and in particular the degree to which spatial integration already 
characterizes the design of the above-mentioned centres, these could well be successfully 
developed as full TSCD centres. However, as long as traffic to and from these terminals is not 
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on a scale for which congestion would form a real threat, it is justifiable to use less advanced 
vehicles for distripark-related transport purposes. Given the limited throughput volumes, the 
anticipated cost and quality improvements in initial and final transport that an advanced 
(automated) transport system would produce, would not, as yet, be achieved. In other words, 
at smaller centres, simpler solutions would be more effective. A good example of this is the 
Venlo Trade Port in the Netherlands, at which about 50,000 units are handled per year. For 
the transport of containers between the road/rail terminal and the adjoining logistics park, the 
company has opted to supplement their trucks with a number of terminal tractors. These are 
more flexible than the trucks and actually provide the company with costs savings of about 
50%.26  
The areas where a TSCD centre really comes into its own are those areas in which very large 
handling volumes can be expected; those terminals, for instance, which besides functioning as 
freight handling hubs for various transport modes, seek an important role as local and regional 
distribution centres. Though this also applies to inland terminals, it is seaport terminals which 
fit this bill at the moment. 

7.6 A closer look at the Rotterdam Maasvlakte 

Rotterdam has some of the most forward-looking plans of any European seaport. An 
ambitious expansion plan, Delta 2000-8, was set up in 1990 as part of a scheme to develop 
container activities in the Maasvlakte area. The plan included a number of infrastructure 
projects which could mean that the freight handling centre at Maasvlakte could eventually 
become a ‘super-hub’ for all transport modes (a ‘Delta Mega Hub Center’) whose handling 
turnover could rise from today’s 1.4 million containers to 3.6 million in 2010.27

On the seaward side, the capacity of the two existing terminals (the Delta Multi User 
Terminal and the Sea-Land Terminal) would be enlarged by the addition of eight new 
container terminals which, following the Sea-Land terminal concept, would be highly 
automated. Internal transport at these terminals would be carried out wherever possible using 
robots such as Automated Guided Vehicles (AGVs) and Automated Stacking Cranes (ASCs). 
Volume growth will naturally affect not only seaward side but also landside activities. Rail 
container transport is foreseen to rise to 450,000 containers; barge container transport to 
600,000 by 2010; and road container transport between terminal and hinterland to 950,000. 
Intermodal handling points are envisaged for barge transport (a Barge Service Center) and for 
rail transport (a Rail Service Centre); new facilities are also envisaged for truck handling (a 
Truck Service Centre). All in all, these terminal facilities will cover 180 hectares, not 
including an ‘empty depot’ (MTY). The Delta 2000-8 plan finally includes a large-scale 
distripark (123 hectares in all) directly adjoining these terminals28 (Figure 7.5). Enormous 

                                               
26 These savings are generated by the fact that the terminal chassis is cheaper than a conventional truck chassis, 

and because the process is shorter than with final transport by truck. 
27

 By 2020, 5-9 million containers per year are envisaged, depending on levels of economic growth and the 
development of Rotterdam’s competitive position (Incomaas, 1994). This growth scenario does involve 
investment in a new generation of sea terminals in which cargo ships can be handled from both sides 
simultaneously. This investment plan forms part of the container project Delta 2012 which should be seen as 
the follow-up to Delta 2000-8. 

28In a possible second phase, in which the Maasvlakte is enlarged seawards, the area of this distripark could be 
increased to a maximum of 275 hectares in all. 
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volumes will be transported not just to and from such a mega-terminal but also between its 
numerous facilities. It is widely expected that in the long term, conventional transport modes 
and information technologies will be unable to meet these demands, and innovative freight 
transport and handling systems will have to be installed. This is certainly true for 
interterminal transport, and probably also for transport between terminals and distripark. 

Figure 7.5 Positioning and layout of the Delta Mega Hub Centre 

Despite the proximity of the various terminals (sea, rail and barge), it is by no means certain 
that the distripark businesses can continue to guarantee an ideal supply of transport as long as 
they carry on using trucks: by 2010 this would mean at least 100,000 truck movements per 
year between the sea terminals and the distripark alone. Then there are the movements 
between the distripark and the empty depot, the distripark and the hinterland, and of course 
the much greater number of containers going directly to or coming from outside the 
Maasvlakte area by truck (950,000). The inevitable consequence of this enormous number of 
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trucks will be a severe congestion problem in and around the terminals.29 Here, too, the 
creation of a TSCD centre is a realistic option. 

7.7 What a TSCD internal transport system can and cannot do 

In talking about a transport system for the on-site transport of containers, a wide variety of 
possibilities and techniques could be considered: road transport like systems using extended 
trucks (3TEU (Twenty feet Equivalent Unit) or 4TEU trucks), the terminal tractor system, the 
multiple trailer system, more advanced systems like the Automated Guided Vehicle (AGV) 
system, monorail systems, chain-driven systems, rolling roads and so on. 
It is important to remember that the technical characteristics of such a system and the 
transport organization that it entails have to integrate with the possibilities offered by the site, 
its existing facilities, and the wishes and requirements of the distripark businesses and the 
terminal operator. With this in mind, it is self-evident that the automation of initial and final 
transportation is of little use when handling activities already take place using conventional, 
manned cranes.30 On the other hand, far reaching automation at handling terminals – such as 
already exists, and is to be extended, at Maasvlakte – can be an important stimulus for giving 
automated systems such a role when considering new collection and distribution transport 
systems to and from a distripark. At Maasvlakte, an adapted AGV system could be 
considered, although it would be expensive. The integration of terminal handling and 
transport activities would probably improve the quality and cost of freight handling there, but 
the interfacing of an automatically guided vehicle and a distribusiness is a complicated matter 
(Konings, 1996). This is avoided if both container terminal and distripark are provided with a 
stack for loading and unloading AGVs. The interface problems are hereby circumvented, and 
it also allows AGVs to be more efficiently employed (Konings, 1996), but the most important 
disadvantage is that an extra handling move is created. Freight transport from this distristack 
to businesses’ doors would still depend on traditional truck haulage, or perhaps a terminal 
tractor. 
An automated transport system avoids the congestion problem and thereby improves transit 
times and reliability, but it is still open to question whether distripark businesses would not 
have to bear excessive costs for initial and final transport. The crucial factor here will be the 
cost/quality relationship compared to the road truck (Konings, 1996). The relatively high 
fixed costs (time costs) characteristics of initial and final transport by road will here become a 
critical cost factor. These time costs, constituted for the most part of drivers’ wages, will 
increase as waiting times at terminals rise. Over time, then, the attractiveness and feasibility 
of automated transport systems can only grow. 
Besides the high costs of AGVs, and its abovementioned interface problems with individual 
businesses, the fact that strict boundaries have to be maintained between AGV traffic and 
ordinary traffic is a handicap. This handicap can be partially surmounted only by making 
exceptional demands on the distripark’s design and layout. Since automated systems have 
these problems, it might make sense to examine whether non-automated transport systems 

                                               
29

The problems created by using trucks will not be limited to those businesses working at the Maasvlakte 
distripark, but will also affect other businesses, both in the region and further afield, using truck haulage. 

30 Venlo’s approach has shown that the actual demands of distribusinesses can sometimes be satisfactorily met 
using relatively simple means.
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could provide a satisfactory solution. Given the distripark businesses’ wants and needs, a 
number of road-transport-like systems present themselves.  
The ‘4TEU truck’, a tractor unit with a 2-container trailer and another such trailer in tow, 
requires a relatively small investment; one, moreover, limited to the vehicle itself. A 4TEU 
truck can use ordinary distripark roads. Its speed, penetration and flexibility are only a little 
lower than those of an ordinary truck. Possible transport cost savings of 25% represent an 
attractive incentive. The limited manoeuvrability of the 4TEU is, however, a disadvantage, 
and one which can cause handling problems for distripark businesses. At any rate, some extra 
handling work would seem to be inescapable. A more fundamental objection to the 4TEU is 
that it represents, both literally and figuratively, only half a solution to the terminal congestion 
problem: after all, the number of containers moved by truck remains exactly the same. 
The multi-trailer system could represent an attractive and more effective solution. The system 
consists of a number of rubber-tired trailers towed by a strong, suitably adapted tractor. One 
of this system’s most important characteristics is its capacity for variable train formation, a 
feature which allows its operators to make full use of scale economies and which reduces 
individual traffic movements at the terminal. Because more than one container (up to 10 
TEU) can be moved at once, transport cost savings are possible. As far as speed, 
manoeuvrability and expandability are concerned, the system scores well, even compared to 
the conventional road truck. However, as with AGVs, multi-trailers can give rise to container 
loading and unloading problems for distripark businesses. Such problems could be solved by 
developing a de-linkable trailer system, although this would bring extra investment costs. All 
in all, since such a system would integrate quite readily with ordinary truck transport, requires 
no radical adaptations to the distripark itself, and can lower the costs of initial and final 
transport, it would certainly seem to be a promising candidate. Another possibility is that 
multi-trailers are unloaded by means of simple gantry cranes, which deliver the containers 
over a certain distance to the business’ door. Savings here are generated by the fact that fewer 
trailers are required, since only the container itself is detached from the ‘train’; this advantage, 
however, has to be set against the extra costs of the gantry cranes, and the fact that a number 
of adaptations have to be made to the distripark itself. 
These aspects of internal transport systems are not the only considerations. For example, there 
are questions of available space and system safety. These aspects play a more important role 
when a new system is introduced into a distripark which is already partially or completely 
developed. 

7.8 Conclusions 

The TSCD concept can make an important contribution towards the strengthening of 
intermodal transport systems, and, as such, towards the future accessibility of individual 
businesses. Full implementation of the ‘freight handling hub’ concept, however, is not suited 
to every terminal, but depends on its scale and function. 
The concept can be evaluated in terms of its two dimensions: on the one hand, the benefits 
obtained by siting businesses in the immediate vicinity of a terminal (the spatial dimension), 
and on the other hand, the significance of improving the efficiency of freight handling, 
storage and internal transport between terminal and distripark (the functional dimension). 
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TSCD’s spatial dimension contributes in particular to the qualitative improvement of a 
intermodal transport chain. Physical proximity generates savings in transport time, an 
increasingly useful benefit wherever this avoids road haulage in congestion-prone areas. 
Delivery reliability is thereby also improved. The cost of initial and final road transport over a 
reduced distance between business and terminal can also fall, although kilometre costs 
generally weigh much less heavily than time costs. 
Several distribution centres have already opted for near-terminal locations for these reasons 
alone, though for many the financial advantages of such a location are, as yet, insufficient. 
This is primarily due to a strongly road-oriented view of transport, which can partly be the 
result of business practice itself,31 but it is also due to the mediocre quality of present 
intermodal transport systems. In anticipation of future developments, however (road 
congestion and road haulage taxes), the popularity of near-terminal locations is already clearly 
growing. The development of distriparks with multimodal facilities is therefore going to 
proceed apace. 
These distriparks could also create an increased support base for smaller terminals, and even 
new terminals, which would be a mutually sustaining process. Business accessibility for the 
terminal would increase the attractiveness of – and therefore the demand for – an intermodal 
transport system; a more attractive range of intermodal transport facilities would attract new 
businesses. 
The TSCD’s functional dimension will prove its worth most clearly at large freight 
distribution/handling terminals threatened by a potential congestion problem. The integration 
which an internal transport system provides between terminal freight handling processes and 
initial and final road haulage, however, should not stop at congestion avoidance, but should 
be carried through so as to produce savings in transport and handling costs. Where freight 
volumes are large enough, the automation of transport and handling processes can certainly be 
considered, but such automation is still expensive and risky. At this moment there are no 
terminals at which advanced systems have been installed for initial and final transport 
purposes. The Delta Mega Hub Center at the Maasvlakte site at Rotterdam could play a 
pioneering role in this respect. 
The solution proposed by the TSCD concept to the initial and final transport problem is very 
specific and will apply in the first instance to a somewhat limited number of businesses. 
Other, more general strategies may also be pursued. Improved information facilities (such as 
preregistration systems at terminals and information exchange between road users to reduce 
the number of empty truck movements) also represent important improvements in the price 
and quality of initial and final transport; peak freight loads on terminals, and the ensuing 
congestion, can also be reduced when containers can be delivered at night. Indeed, small-scale 
experiments are already being carried out in these areas. 
In addition, new handling systems, such as those developed by Krupp Fordertechnik (1993), 
Noel1 (1993) and Mannesmann (1995) can serve to encourage progress in the quality of 
intermodal transport systems. 
Lastly, the optimalization of initial and final transport, as perceived by the TSCD concept, is 
pointless unless main line transport provides high levels of cost effectiveness, time-
effectiveness and reliability. Fast, cheap and (especially) reliable main line transport services 
                                               
31Outgoing goods traffic is often characterized by its intricacy: decontainered part-loads that businesses prefer to 

deliver by road. However, stockpiling principles could enable at least part of this outgoing goods traffic to be 
delivered using combined transport techniques. 
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along inland waterways and railways are vital preconditions to the success of TSCD as a 
high-quality intermodal transport concept. 
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Abstract 

Intermodal transport has acquired a market position in specific submarkets (in hinterland 
transport in particular), but in view of increasing problems caused by the current dominant 
transport mode, road transport, a larger market share is desirable and necessary. In order to 
improve the competitiveness of intermodal transport in both current and new markets a cost 
reduction and quality improvement of intermodal transport services is needed. By definition 
transport networks have a spatial dimension, but the spatial structure of these networks has a 
strong influence on the viability of intermodal transport. This relates to the accessibility of 
intermodal infrastructure (rail lines, waterways, terminals), but also addresses the need for a 
minimum transport volume required to offer attractive and profitable intermodal transport 
services. This touches to the central question dealt with in this paper: at which geographical 
scale intermodal transport services can be offered? Related issues here are the optimal size of 
the service area of a terminal, possible performance improvements in pre- and post truck 
haulage and the optimal size of intermodal terminals. In this paper these topics are discussed 
and empirically illustrated for intermodal rail and barge transport in Belgium. It is shown that 
the geographical scale for profitable intermodal services is, in addition to the performance of 
barge or rail hauls and terminals, also strongly determined by the performance of pre- and 
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post truck haulage. The paper concludes that spatial planning should get more emphasis in 
policies to support the competitiveness of intermodal transport. 

8.1 Introduction 

The quality of freight transport is increasingly under pressure. To a large extent this is caused 
by a continuous general growth of transport and the dominant role of the road transport mode 
in freight transport, while the development of infrastructural capacity lagged behind transport 
growth.  
The number of passenger kilometres performed annually in Belgium by the three major 
transport modes (car, public transport by bus, tram, subway and domestic train transport) 
increased by 115% from 1970 to 2000. The number of tonne-kilometres performed by the 
major freight transport modes (road, rail and barge transport) grew in the same period with 
approximately 90%. The increase in mobility in Belgium (and also in other European 
countries) has been predominantly accommodated by road transport, as shown for the freight 
transport sector in Table 8.1. The market share of road transport has gradually increased to 
more than 70% since the year 2000. 

Table 8.1 Modal split in inland freight transport in Belgium (% of tonne-kilometres), 
1970 - 2000 

 1970 1980 1990 2000 
Barge 23.9 19.3 14.0 13.7 
Rail 28.1 26.4 21.6 14.4 
Road 48.0 54.4 64.4 71.9 
Total 100 100 100 100 

Source: http://aps.vlaanderen.be/statistiek/publicaties/pdf/omgeving/Hfdst_9.pdf 

The strong growth of freight transport is expected to continue: over the period 1998 to 2010 
an increase of 40% is expected. From 1995 to 2020 an increase of 50 to 70% is estimated 
(FEBIAC, 2000). Such a strong increase will further endanger the quality of freight transport, 
in particular if this growth will predominantly be accommodated by road transport. As a 
consequence the congestion on the roads will increase, and as a result the transport reliability 
and the productivity of transport companies decrease, because they are faced with more 
unproductive hours of vehicles. Moreover, the accessibility of economic centres may 
deteriorate and the negative impacts of road transport on the natural environment and 
liveability will become more manifest. 
In order to anticipate this future perspective transport policies are needed which are aimed at a 
better utilization of the capacity of the roads, but also to seize opportunities to shift cargo 
from road to other transport modes. The development of intermodal transport, i.e. the 
movement of goods in one and the same load unit (containers, swapbodies or trailers) by 
successive modes of transport without handling the goods themselves when changing modes, 
can support such a modal shift policy. In this setting this paper discusses the growth potential 
of intermodal freight transport. 
Intermodal transport plays a respectable role in Belgium yet. This holds in particular for 
intermodal barge transport. Its striking position is not only reflected by large volumes that are 
transported, but also its rapid development in a relatively short time. In addition to transport 
containers on the Rhine river (650,000 TEU in 2004) and container feeder traffic between 
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Antwerp and Rotterdam (950,000 TEU in 2004), numerous hinterland services have been 
developed between Antwerp and inland terminals in Belgium, as well as from Zeebrugge to 
Belgium inland terminals. The total volume of this domestic barge hinterland transport has 
grown spectacularly since 1998 from 60,000 TEU to 450,000 TEU in 2005. The container 
barge transport sector has developed itself into a mature mode for hinterland transport of 
containers. Furthermore, intermodal rail transport also plays a significant role in container 
hinterland transport. In 2004, the container volume that was transported by rail in the 
hinterland transport of Antwerp amounted 500,000 TEU. The market share of intermodal 
transport in the hinterland transport of Antwerp was 40%, of which 32% was intermodal 
barge transport and 8% intermodal rail transport. Hence, road transport, having the largest 
share (60%), indeed also has a dominant position in container transport. If we exclude the 
barge transport volume that results from feeder traffic between the ports of Antwerp and 
Rotterdam, the market share of road even exceeds 70%. 
In order to further increase the market share of intermodal transport in the existing markets (in 
particularly hinterland transport) an improvement of its transport efficiency is needed, which 
enables to enlarge the market scope of intermodal transport. In addition to the hinterland 
transport market there is the challenge to open up markets, in which intermodal transport is 
not significantly present yet. As regards intermodal barge transport this is the market for 
continental freight transport, both in domestic and international transport relations. The main 
challenge for rail transport is to achieve a stronger market position in the domestic transport 
market, i.e. in transport on shorter distances. The common challenge of both types of 
intermodal transport, however, is to accomplish a greater market penetration. 

To support these goals, existing intermodal network structures must be improved and new 
concepts for intermodal transport must be developed. From this perspective we discuss here a 
number of clues and options to improve the competitiveness of intermodal transport to road-
only transport. In this discussion we will concentrate at the spatial dimension of intermodal 
transport, that is to say, the impact of strategies on the market scope of intermodal transport. 
The paper starts with the outline of a theoretical analytical framework, from which the 
opportunities to improve the competitiveness of intermodal transport can be derived (section 
8.2). Next, these opportunities are elaborated and empirically illustrated (section 8.3). The 
paper ends with the major conclusions (section 8.4). 

8.2 Theoretical framework for a competition analysis 

Figure 8.1 shows a simple diagram of the cost structure of road-only transport and intermodal 
transport. The costs of road transport can be assumed proportional to the distance. The costs 
per TEU-kilometre for barge and rail transport are generally lower than for the road transport. 
Hence the slope of the line reflecting the barge and rail haul (C) is smaller than that for road 
transport. On the other hand, there are some additional costs for intermodal transport, namely 
the costs of transhipment (B) and pre- and post truck haulage (A). This truck haulage to and 
from a terminal is usually inevitable, because shippers and consignees generally have not an 
own rail track connection or are not located near a waterway. The costs of road transport per 
TEU-kilometre in pre- and post haulage trips, however, will generally be higher than in road-
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only transport (see the difference between the slopes in Figure 8.1), because the fixed costs of 
a trip on short distance put much weight on the total costs of a trip.  
This cost difference can be explained by the fact that short trips relatively take more time. 
This means that the fixed costs of the trip – which are determined by the time spent on the trip 
– can be divided over fewer kilometres and hence the costs per kilometre increase. 
 It is clear that if only one truck haul in the intermodal chain is needed, the cost performance 
of intermodal transport immediately improves. This situation occurs in the seaport, where a 
container having an origin or destination oversea can usually be put directly on a train or 
barge at a seaport container terminal without a truck haul. This explains the relatively stronger 
competitiveness of intermodal transport in hinterland transport compared to intermodal 
transport in pure continental transport trips. 

Figure 8.1 General cost structure of intermodal transport and road-only transport 

Based on this simple cost diagram, the economic theory of market areas (see Palander, 1935; 
Hyson & Hyson, 1950), that has been elaborated for intermodal transport by Niérat (1997), 
offers a useful framework to analyse the competitiveness of intermodal transport and the role 
of truck haulage operations in particular. Based on this theory a break-even analysis can be 
performed, which enables to derive market areas where intermodal transport respectively 
road-only transport has the best market position. Figure 8.2 shows this approach. In the upper 
part the costs are explained. The bottom part of the figure presents the implications of the 
costs for the size and shape of the market area of intermodal transport. The comparison is 
based on a transport from A to M, which takes place directly in the road-only situation and in 
case of intermodal transport indirectly through a terminal located at point B. The costs for 
road transport are presented by a fixed part (Cr(A)) and a variable part that is proportional to 
the distance and can be considered as the variable costs or the kilometre costs ( r).  
The cost curve is cone-shaped and has its minimum in the departure point A. The costs of 
intermodal transport are defined at point B, i.e. at the terminal where the barge or rail haul 
ends. At point B several costs have already occurred: possibly a truck haul operation from the 
shipper to the terminal, the rail or barge haul and the transhipment. However, at point B still a 
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truck haul is needed to destination M. The costs of this truck haul can be also presented by a 
fixed and variable part, proportionally to the distance between B and M.  

Figure 8.2  Derivation of the market scope of intermodal transport 

r          : variable costs road-only transport i         : variable costs drayage to consignee 

Cr(A) :   fixed costs road-only transport 
Ci(B) : costs intermodal link AB (drayage from shipper, rail or 

barge haul) plus fixed costs drayage to consignee 

Cr(M) :  total costs road-only transport 
Ci(M) :   total costs intermodal transport 

  
Source: Adapted from Nierat, 1997. 

Now the cost curve for intermodal transport can be drawn at point B. This cost function 
includes: 

a fixed part which covers all costs needed to reach point B and additionally the fixed costs 
of haulage to consignee, Ci(B), and 
a variable part, i.e. the variable costs of haulage to the consignee ( i).  

This curve is also cone-shaped. The intersection of both cost curves represents the break-even 
points of costs for road-only and intermodal transport. This approach leads to an asymmetrical 
circular area around point B. This circle can be considered as the market scope of intermodal 
transport or the service area of terminal B for shipments from A. 
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Since the costs for road-only and intermodal transport can be presented from point A to every 
random point M by respectively: 

Cr(M) = Cr(A) + r AM 
Ci(M) = Ci(B) + i BM 

mathematically the market scope of intermodal transport can be derived by equalizing these 
cost function of road-only and intermodal transport: 

     
Cr(M) =  Ci(M)             Cr(A) + r AM  = Ci(B) + i BM    

r AM - i BM = Ci(B) - Cr(A)   AM - i / r  BM = (Ci(B) - Cr(A)) / r  

AM - BM = k AB   = i / r   en k = (Ci(B) - Cr(A)) / r  AB 

8.3 Determinants for the market scope of intermodal transport 

The theoretical model in section 8.2 made clear that there are several factors that can 
influence the market scope of intermodal transport. We will discuss these factors here in more 
detail according to the three main processes that can be distinguished in the intermodal 
transport chain: terminal transhipment, the barge or rail haul (the intermodal service network) 
and pre- and post truck haulage. We will indicate the impact of some promising strategies to 
increase the market scope of intermodal transport. 

8.3.1 Terminal handling 

Transhipping load units between modalities is usually an inevitable activity in intermodal 
transport. The costs of transhipment vary to place (hinterland versus seaport) and transport 
mode (rail versus barge transport). Cost differences are caused by the use of different 
equipment (e.g. type of equipment or new versus second-hand equipment), but are often also 
the result of different circumstances (Rabobank, 2004). These circumstances may, for 
instance, be influenced by government subsidies, the availability of a quay (for barge 
transport) or rail tracks (for rail transport), but for example also by whether the ground at the 
terminal is in property or rented. 
The relative importance of the terminal handling costs in the total intermodal chain costs 
depends on the total transport distance in the chain. The larger the distance, the greater the 
share of the barge or rail haul and consequently the share of the terminal costs decreases. In 
that situation terminal handling costs get a decreasing share in the total costs at point B (see 
Figure 8.2). 
Different studies (e.g. Fonger, 1993; Rutten, 1995; Arcadis, 1999) have shown that the 
terminal costs generally have a relatively small share in the total chain costs. According to 
these studies it varies between 10% and 15%, but this not a general rule. The analyses of 
Macharis and Verbeke (2004) show that the share of transshipment costs in intermodal barge 
hinterland transport in Antwerp (Belgium) is about 30%.  This can be explained by the 
relatively short distances at which domestic barge hinterland transport takes place. 
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In the nineties of the last century a lot of research and development has been carried out, 
which was aimed at improving the performance of terminals (see e.g. Woxenius, 1998 and 
Bontekoning & Kreutzberger, 1999). The aim of these studies was, in addition to achieving 
cost reductions, to improve the functionality of the terminal, i.e. to reduce transshipment time 
in order enable transport services with intermediate stops. These ideas resulted into several 
innovative terminal designs, but none of them has been implemented yet. Regarding rail 
terminals the reach stacker and gantry crane are still the most preferred transshipment 
techniques. For barge terminals it is the gantry crane. The use of container crane vessels, a 
concept focussed at accommodating small freight flows, is rather in an experimental phase so 
far. 
 The transshipment rates at a rail terminal vary between 16 and 33 Euro (Arcadis, 1999; 
Terminet, 2000) and at a barge terminal between 16 Euro (at an inland terminal) and 35 Euro 
(at a seaport terminal) (Rabobank, 2004) (see Table 8.2). However, cost calculations show 
that the rates sometimes are lower than the real costs. The costs of a transshipment at a rail 
terminal are on average between 25 and 35 Euro per load unit. These calculated costs, 
however, depend on the transshipment volume and the equipment that is used. A rail terminal 
employing a reachstacker and having an annual transhipment volume of 30,000 load units 
may have a cost price of €31, but if the transshipment volume would be doubled the cost price 
would drop to €18. At a rail terminal where 65,000 load units are handled with a gantry crane, 
the cost price is about €42 (Ballis & Golias, 2002, Impulse, 1997, Bontekoning, 2006, 
Arcadis, 1999, Rabobank 2004). 

Table 8.2 Transshipment rate per load unit (LU) related to annual transshipment 
volume 

 In hinterland: barge  In hinterland: rail In seaport 
 Reach 

stacker 
Gantry crane Reach stacker Gantry crane Barge Rail 

Rate € 12 €16 €31 
(cost price)  

€18  
(cost price) 

€42  
(cost price) 

€35 €33 

Handling-
volume 
(Load 
Units)  

50,000 LU 30,000 LU 30,000 LU 60,000 LU 65,000 LU 
  

Sources: Arcadis, 1999, Rabobank 2004, Ballis and Golias, 2002 

From a cost perspective reachstackers are more favourable than gantry cranes. The capital 
costs of gantry cranes are much higher and as a result the handling costs are higher in 
particular if the volumes that are handled are small. However, if the handling volume 
increases other criteria such as handling capacity and efficient use of space become more 
important, which can make the gantry crane a more attractive option. 
The past has shown that a reduction in transshipment costs is not so easy, but actually 
necessary to achieve, because the real cost level seems sometimes higher than the rate level. 
This can only be overcome in the exploitation of a terminal if subsidies are received, second-
hand equipment is used and/or additional terminal services are offered, like for example by 
renting out areas for container storage or if the terminal operator offers own barge services 
and pre- and post truck haulage services. Furthermore, it is important to increase the 
transhipment volume in order to enable a reduction of cost per load unit. This can be 
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accomplished if cost savings in pre- and post truck haulage can result into a larger terminal 
service area, enabling more customers to serve and hence to increase the volume to be 
handled at the terminal. In this way, an improvement of pre- and post truck haulage can also 
positively affect the terminal efficiency. 
To increase the market scope of intermodal transport an extension of the number of access 
points to the rail or barge infrastructural networks can be useful, particularly in the capillaries 
of the network. For this purpose, in barge transport there may be an interesting role for small-
scale, simple (low-cost) terminals (see Figure 8.3) and self(un-)loading vessels (Willems, 
1998). The exploitation of such transhipment facilities does not require large handling 
volumes, and as such, they offer possibilities for small freight flows to be transported in an 
intermodal way. The feasibility of these handling concepts, however, cannot be considered 
apart from their position in the existing intermodal barge service networks and the costs of 
pre- and post truck haulage. 

Figure 8.3 ‘Artist impression’ of a ‘low cost’-barge terminal 

Source: Van den Wall Bake, 1998 

8.3.2 The intermodal network (barge and rail services) 

Transport costs per load unit in rail or barge transport are in large extent determined by the 
train length and vessel size, the loading factor of the transport means and the transport 
distance. The larger the transport means and the load factor are, the lower the fixed costs per 
load unit will be. These economies of scale which arise from freight bundling are at bottom of 
the viability of intermodal transport.  
Freight bundling can not only accomplish transport costs savings, but can also enable a higher 
frequency of services. As a result the time between successive departure times of services 
becomes smaller and hence it can reduce the total transit time of goods. In addition, bundling 



Chapter 8 - The competitiveness of intermodal transport in spatial perspective 147 

of freight flows also offers possibilities to serve transport relations, which because of too 
small volumes otherwise could not be served by intermodal transport.  
Since direct intermodal connections usually require large volumes, this is an important 
observation in view of attracting new, i.e. smaller, freight flows to intermodal transport. 
Against these advantages of freight bundling, there is the disadvantage of additional 
transhipment, which make the transport service more expensively, more slowly and possibly 
also less reliable. Finally, the transport distances are longer compared to direct transport 
services. 
The advantages and disadvantages of bundling must be weighed against each other. In this 
trade-off the spatial pattern of freight flows (in terms of volume and direction) is a decisive 
factor. Dependent on how freight flows are bundled, different types of networks are 
conceivable that can be reduced to four basic bundling or network models (Kreutzberger, 
1995). 
The point-to-point network or the direct connection is in fact the ideal model: a direct 
connection without intermediate stops, and hence a short transit time, a high reliability and 
low costs, because there is no intermediate transhipment.  However, the network is only ideal, 
if the transport volumes are large enough to offer services with a frequency that is acceptable 
for the users. Table 8.3 shows the minimum required volumes for a daily service for the 
situation of a service area with three begin- and three end terminals. The hub-and-spoke 
services, the line services and the collection/distribution services require only 1/3 of the 
volume by origin-destination relation, which is needed to maintain the point-to-point services. 
Looking at daily practice in container barge transport, new services rather start as a point-to-
point service despite of its disadvantage that a substantial transport volume is needed. To 
overcome this problem, services start with relatively small vessels (varying from 32 to 90 
TEU capacity), so that an acceptable frequency can be offered immediately (for example 3 
services per week). If the transport volume increases, generally first the frequency will be 
increased and later on larger vessels will be employed. According to this development path a 
sufficient utilisation rate of the vessels can be maintained. For a 'starting service' of three 
departures per week with one vessel of 90 TEU-capacity, however, a transport volume of 
about 20,000 TEU (which is about 12,500 containers) per year is needed. In the situation in 
which the cycle time of the vessel is too long to employ only one vessel, even a larger volume 
is necessary. In case of a smaller transport volume than 20,000 TEU such a point-to-point 
service system is less attractive and another type of network would be more suitable (see 
Table 8.3). 
As a matter of fact, this development path regarding the frequency and transport scale of 
transport services in barge transport is different from rail transport. In rail transport the role of 
frequency and transport scale is usually the other way around (see Kreutzberger, 2007). This 
is related to cost structure differences between rail and barge transport. Due to small marginal 
costs of driving with extra wagons it is usually attractive to start a service immediately with a 
long train. In order to accomplish a sufficient utilisation rate of the train the frequency of the 
‘starting service’ might be low, but will be increased after transport volume increases.  
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Table 8.3  Required transport volume (in TEU per week) per origin-destination pair, 
based on 5 services per week, in two directions, a service area of 3 begin- 
and end-terminals and 85% loading degree  

Type of network Capacity of an inland vessel Capacity of a train 

32 TEU 
90 TEU 208 TEU 400 m. 500 m. 600 m. 

point-point 169 481 1106 272 340 408 
Line  56 160 369 90 113 136 
Hub & spoke 56 160 369 90 113 136 
collection/distribution 56 160 369 90 113 136 

Source: Konings, Bontekoning en Maat, own calculations 

Figure 8.4  Four basic concepts of freight bundling

Point-to-point network 

Collection/distribution network 

Hub-and-spoke network 

Line network 

  
Source: Kreutzberger, 1995 

In the line network (see Figure 8.4) the intermediate stops enable to transport more cargo and 
hence to maintain a sufficient utilisation rate of the vessel, but here there is a certain trade-off 
between the utilisation rate and the transit time. Except for container transport on the Rhine 
river, this type of network is not very common in barge transport. In particular in short 
distance transport this is not an attractive option, because it would increase the transit time too 
much and hence could endanger the competitiveness to road transport. The competition with 
road-only transport is at shorter distances more severe. Moreover, ownership of terminals 
plays a role: terminal operators in the Netherlands and Belgium often also act as barge 
operator and therefore prefer their own terminal to serve. As result of mergers and co-
operation agreements between terminals this attitude is, however, gradually changing.  
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In rail transport a line service is more likely to be observed, also because loading and 
unloading a train is easier than a vessel, in which containers are piled up. Some rail shuttles 
have the characteristics of a line service, since they may have some stops at the beginning 
and/or end of the route. For example, the port of Rotterdam has rail shuttles that start at 
Rotterdam Maasvlakte and make an intermediate stop at Rail Service Centre Waalhaven 
Rotterdam and then run to Italy. Since this type of service is a combination of a point-to-point 
service and a line service it is sometimes defined as a semi-shuttle. Nevertheless, pure line 
concepts with stops underway are rare, although several concepts have been tried in practice, 
like for example the Light-Combi concept in Sweden (Barthel and Woxenius, 2004). 
The collection/distribution network is an appropriate type of network if freight flows with 
different directions of origin have the same direction of destination. The advantages of freight 
bundling arise on the main (barge or rail) haul. This network is neither applied in barge 
transport nor in rail transport, because the feedering of small volumes is expensive and 
difficult to be compensated by the network advantages on the main haul. 
The hub-and-spoke network is the network model in which the effects of freight bundling are 
maximal (Klaus, 1985). In this network, all origins and destinations are connected to each 
other via a centrally located terminal (hub), which means that freight for different destinations 
is always jointly transported. Due to its specific bundling characteristics it offers possibilities 
to develop transport services on new relations where the transport flows are (still) too small 
for direct connections. In a hub-and-spoke network with 3 spoke-connections on average only 
one third of the total transport volume of a direct connection is needed to offer such a spoke-
connection with a same frequency as a point-to-point service. 
Due to these features this network offers interesting opportunities for market expansion of 
intermodal transport. The rail transport sector is already familiar with the hub-and-spoke 
network. In Belgium there is the NEN (North European Network) with a shunting-hub in 
Muizen. The NEN hub-and-spoke network features a really star-shaped network. In addition, 
there is the NARCON (National rail container Network) hub-and-spoke network which has its 
hubterminal in Antwerp. In this network the inland terminals of Kortrijk, Moeskroen, 
Charleroi and Athus, as well as terminal of Zeebrugge, are linked with different quays in the 
port of Antwerp via the mainhub-terminal of Antwerp. In this network daily trains run to and 
from the mainhub-terminal. In principle, this network was developed to bundle the container 
flows in the port in order to make rail hinterland transport more attractive. Actually this 
network keeps the middle between a hub-and-spoke network and a collection/distribution 
network. The transported volume in NARCON was almost 140,000 TEU in 2005. 
In intermodal barge transport the hub-and-spoke network is still unknown. An important 
explanation for this is that container barge transport still consists of almost exclusively 
hinterland transport of maritime containers. The containers have always the seaport as an 
origin or destination. In such a situation point-to-point connections are more logical than star-
shaped connections.  
In general, a pre-condition for a hub-and-spoke network to perform well is the 
synchronisation of arrival times of the trains or barges as well as smart transhipment and 
exchanging operations at the hub (Bontekoning, 2006; Konings, 2006). 
In addition to the transport volumes and the transport organisation the quality of the physical 
infrastructure, i.e. the situation, capacity and quality of the rail lines and inland waterways and 
terminals, will be important for the feasibility of the different service networks. The location 
of the line infrastructure and terminals imposes specific geographical restrictions, as a result 
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of which for certain network configurations the detour distances become too large to be 
competitive to road-only transport. The shorter the transport distance, the stronger the barrier 
of a detour distance is. Moreover, barge transport is confronted with a large variation in the 
quality of waterways. Regarding container barge transport this is manifested by differences in 
admissible vessel size, altitude restrictions at bridges and possible loss of time to pass by 
locks or bridges. All these circumstances also influence the choice of the type of network. 

Figure 8.5 The Belgium waterway network by classification of waterways and the 
location of barge inland terminals (in 2008)* 

* Manuport container terminal (nr. 10) is a barge terminal in the port of Antwerp. In 2006 (publication date of 
this paper) the terminals of Batop (nr. 9) and Groep Gheys (nr. 11) were not established yet. 

Source: Promotie Binnenvaart Vlaanderen 

Figure 8.5 shows a number of infrastructural conditions for barge transport. The best 
navigable waterways are situated around Antwerp and Ghent and have both a North-South - 
and an East-West orientation. These cities could therefore potentially act as exchange point 
(hub) for new barge transport services which could link inland terminals mutually. The 
location Antwerp has the advantage that it already functions as a node for hinterland traffic. 
This means that continental freight flows could be bundled here with the existing maritime 
freight flows. In the Belgian inland waterways network also two ring structures can be 
noticed. One that runs from Antwerp to Hasselt, Liège, Namen, Charleroi and Brussels and 
another one which runs from Antwerp to Ghent, Kortrijk, Mons and Brussels. Although the 
quality of the waterways on these routes varies, it is conceivable to develop barge line 
services for continental cargo along these routes. A detailed study, in which the potential 
transport volumes and conditions regarding the infrastructure in these concrete cases are 
examined, has to show if such new types of network are really promising. 
These more complex network services, involving smart bundling of freight, aim to reduce the 
costs and to improve the quality of existing intermodal services or to improve the feasibility 
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to establish new intermodal services. In terms of market scope (see Figure 8.2) this means that 
the costs of a barge- or rail haul, represented above point B, are reduced, taking into account a 
compensation for the costs of a possible intermediate transhipment. In this way the terminal 
service area of existing terminals can be enlarged. At other locations a viable situation can 
arise for new terminals and services. 
The role of the transport distance on the competitiveness of intermodal transport is to some 
extent also related to pre- and post truck haulage (see also section 8.3.3) but, ceterus paribus, 
a longer barge or rail haul results into a larger market scope (see Figure 8.6). The cost per 
kilometre per load unit for rail or barge transport ( t) are – with a reasonable utilisation rate 
of these transport means - lower than for a truck ( r). Therefore, the longer the rail or barge 
haul, the larger the cost difference with road transport becomes and the larger the distance in 
pre- and post truck haulage can be. In practice this effect is very recognizable. At the relation 
Antwerp - Meerhout (a distance of 75 km) intermodal barge transport can compete with road 
transport in an area which roughly extends to 30 km in the direction of Antwerp to 60 km in 
the direction of Genk/Hasselt. On the other hand, daily practice for example shows that it is 
feasible in intermodal rail transport to North-Italy (at a distance of about 1,000 km) to bring 
the containers over a distance of 150 km from the terminal to the customers. 

Figure 8.6 The effect of longer rail or barge hauls on the market scope of intermodal 
transport 

Source: Adapted from Nierat, 1997 

8.3.3 Pre- and post-truck haulage  

Although the distance in pre-and post truck hauls is generally limited (less than 25 km), the 
cost share of these hauls in the intermodal chain costs is relatively large (Morlok et al., 1995; 
Morlok and Spasovic, 1994; Spasovic and Morlok, 1993; Höltgen, 1996; Fowkes et already 
1991; Niérat, 1997). Transcare (1997) shows that in an intermodal chain with a rail haul of 
500 km and a truck haul distance of 25 km at both ends of the chain, the cost share easily 
amounts to 50% of the total chain costs. Findings of Macharis and Verbeke (2004) confirm 
the large weight of pre- and post truck hauls in the intermodal transport bill. In their analysis 
an intermodal barge transport chain from the seaport to the hinterland was considered, in 
which only a post truck haul was needed. For an intermodal transport service based on a barge 
haul of 55 kilometres and a truck haul of 20 kilometres, a total price was observed, which 

M 2 M¹ 1 M¹ 2M 2 M¹ 1 M¹ 2
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consisted of 25% for barge transport, 30% for the transhipment and 45% for post truck 
haulage. Possible savings in the truck haulage part of the intermodal transport chain could 
therefore have a large impact on the cost competitiveness of intermodal transport. 
Looking at the cost structure of truck hauls both the variable or kilometre costs and the fixed 
or time costs are of great importance. In Figure 8.2 the kilometre costs are represented by i 

and the time costs are part of the costs shown above point B. Given these two different cost 
components there are two driving forces for the performing of truck hauls. On the one hand 
the driver is to maximize the productivity of resources (equipment and labor), or in other 
words, trying to execute paid trips as much as possible. This enables to reduce the fixed costs 
per trip. On the other hand the driver is to minimize the number of empty vehicle kilometers 
in order to reduce the variable costs. The first goal is related to, in literature well known, 
‘stay-with’ or ‘drop-and-pick’ processes in truck haul operations. The second goal refers to 
using opportunities to combine trips. 
In the stay with-trips the tractor remains coupled to the semi-trailer during stuffing or 
stripping of a container. After unloading at a customer three situations can occur: a) the 
combination drives back to the terminal empty, b) the container is loaded elsewhere and than 
the truck returns to the terminal or c) the container is reloaded at the same address where it 
was unloaded and than transported to the terminal. The share of empty transport varies from 
50% to 0% (see Figure 8.7). The fixed costs of these trips are relatively high, because the 
tractor and driver are waiting during (un)loading the container and therefore they are 
unproductive. 
In drop-and-pick-trips the tractor and semi-trailer of a truck are split at the shippers’ premise. 
During (un)loading the container, the tractor returns to the terminal, with or without a new 
semi-trailer and container. It can also first move on to a second shipper to fetch another semi-
trailer with a container. Semi-trailers with containers that are left behind are picked up by the 
tractor at a later moment. In these kinds of trips the time costs are relatively lower than in 
stay-with trips, but the kilometre costs are higher, because of more empty hauls. The share of 
empty trips can become 75% (see Figure 8.8). 
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Figure 8.7 ‘Stay with’ production model (tractor and semi-trailer of a truck stay 
together): three basic patterns  

Legend: 

 =  terminal 
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 =  tractor/semi-trailercombination with loaden container 
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L =  distance from terminal to customer 

O =  distance between customers 
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Figure 8.8 ’Drop and pick’ production model (tractor and semi-trailer of a truck are 
split:) three basic patterns

Legend: 

 =  terminal 

 =  customer A 

 =  customer B 

 =  tractor/semi-trailercombination with loaden container 

 =  tractor/semi-trailercombination with empty container 

 =  semi-trailer with loaden container 

 =  semi-trailer with empty container 

 =  tractor 

1,2,3,4 =  numbers indicate the order of activities

L =  distance from terminal to customer 

O =  distance between customers 
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As the total costs of these truck hauls are not only determined by the cost of driving, but also 
by costs related to the trip time (including the time spent at terminals and customers) a trip 
production model that results into less kilometres is therefore not always the most efficient 
solution. The smaller the transport distance is the more weight the duration time at terminals 
and shippers gets and in these circumstances drop-and-pick trips will become more attractive. 
The relationship between time and kilometre costs determines at which distance a break-even 
point between stay-with- and drop-and-pick trips will be achieved.  
Since the costs of trips with empty containers have to be taken into account in the rates 
offered to customers, the number of empty hauls is very relevant. The number of empty hauls 
will influence the coefficient i in the model described in the previous section. The share of 
empty hauls can be reduced by combining trips, which result in a smaller coefficient i. As 
can be derived from Figure 8.2 a smaller i results in a flatter curve, i.e. the terminal service 
area increases.           
In addition to a reduction of empty transport, productivity improvements in pre- and post 
truck hauls can also lead to a larger market scope of the terminal. An important way to 
improve productivity is to reduce the duration time at terminals and shippers. This would be 
possible if the document settlement at terminals and customers could be smoother, if there are 
a sufficient number of ramps at shippers and consignees, a sufficient number of staff for 
stripping and stuffing containers, sufficient container handling capacity at terminals, but also 
by good communication between the actors concerned with these truck haul operations. 
Increasing the time windows (opening hours) to visit terminals and customers could also 
increase productivity, because it enables truckers to avoid congestion at terminals and roads in 
peak hours and therefore the time spent in trips can be reduced.  
In addition, the planning of trips is also very importance for the transport efficiency of these 
truck hauls. Studies (Walker, 1992; Morlok, 1994) have shown that a central planning of trips 
can lead to 30% cost savings. These savings can be achieved because in the model of central 
planning it is easier to combine trips, due to the coordination and control over a large number 
of trips. Most inland terminals in Europe apply this planning model, but at the terminals in 
seaports usually many trucking firms are involved, which – fostered by a strong competition – 
execute these trips, however, in an uncoordinated way. 
The efficiency of pre- and post truck hauls, however, is not only determined by operational 
and organizational issues, but as a matter of fact also by several external circumstances, the 
nature of the transport volumes in particular. Obviously the total transport volume is 
important, but also the possible imbalance of inbound and outbound cargo flows, because this 
affects the share of empty transport. In addition, the spatial dimension of the transport flows is 
important, or in other words, the spatial features of the customers in the terminal service area: 
the distance from terminal to customers, the distribution of customers and the customer 
density (see Figure 8.9). If the distance from terminal to customers increases, also the costs of 
hauls increase. The distribution of customers determines the potential benefits of combined 
trips: if customers are located near each other, the smaller the detour distance to visit another 
customer is and the lower the haul costs can be. In ideal trips – trips in which a container is 
loaded and unloaded at the same address – the detour distance is zero. The customer density is 
defined as the number of customers in a terminal service area of a given size. This means that 
if the customer density is high the transport volume is spread over a large number of pick up 
and delivery points. In that situation the average detour distance to visit customers becomes 
smaller, but at the same time the chance to get ideal combined trips (without detours) 
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decreases. Therefore, the effect of customer density on the performance of truck hauls is 
ambiguous. The location of customers, however, is often a fact and can not be changed by the 
trucking companies.  

Figure 8.9 Spatial variables relevant for the performance of truck haul operations: 
distance terminal - customer, distribution of customers and customer 
density (T = terminal; A, B, C and D = customers) 

Starting situation Larger distance Larger customer 
distribution 

Higher customer 
density 

  

Source: Konings, Bontekoning en Maat, own drawing 

8.4 Conclusions 

In this paper we have addressed three clues to improve the competitiveness of intermodal 
transport to road-only transport and hence to increase the market share of intermodal 
transport. These clues are related to the links in an intermodal transport chain: the main haul 
by barge or rail transport, the exchange of load units at terminals and pre- and post truck 
hauls. 
The production model for intermodal barge or rail transport services proves to be important 
for the costs and quality (in terms of frequencies) of these transport services, and this is where 
the service network structure comes into play. Simple networks, such as line services and 
point-to-point services have specific advantages, but generally are less appropriate to 
transport small freight flows by barges and trains, which make it difficult to attract new 
freight flows to intermodal transport. 
For this purpose more complex service networks, such as collection/distribution networks and 
hub-and-spoke networks, would be more appropriate. The potential cost savings of employing 
these more complex networks is, however, tempered by the inevitable costs of additional 
transhipment. This means that such networks are mainly promising on longer distances, where 
the comparative cost advantage of rail and barge transport comes out well. In the Belgian 
context one should think here about international networks and transport flows, because on 
national scale the distances in Belgium are rather short. 
With regard to traditional intermodal terminals there are a few possibilities to achieve 
substantial cost reductions. These links in the chain could therefore better focus on improving 
their quality of services: on the one hand by ensuring a smooth and reliable handling of the 
containers and on the other hand by expanding their complementary services, like for instance 
offering customs facilities.  
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The relative high costs of pre- and post truck haulage make strategies to reduce these costs 
interesting to improve the competitiveness of intermodal transport. Two major strategies can 
be distinguished to accomplish this: 

1. an improvement of the efficiency of pre- and post truck hauls. This assumes several 
measures to enable a higher productivity in this business, but also using opportunities 
to combine trips. In this respect the so-called LZV's (long and/or heavy trucks) can 
prove their value. Since these trucks have a container loading capacity of 3 TEU, these 
trucks could produce considerable cost savings. Based on the preliminary results of 
the current pilot with these trucks in The Netherlands, a definite admission of the 
LZV's may be expected. The attitude towards these trucks in Belgium so far has been 
sceptical, because of infrastructural bottlenecks and, related to that, doubts about the 
safety of those trucks. 

2. an increase of the accessibility of intermodal transport, both literally in a physical way 
and figuratively in an economic way. On the one hand this means aiming at shorter 
truck haul distances. The distance from terminal to customer is an important factor for 
the costs of pre- and post truck haulage, although what is considered as an 
economically acceptable distance is very dependent on the distance of the barge or rail 
haul (because this determines the share of truck haul costs in the total costs). On the 
other hand, there should be enough cargo in the neighborhood of the terminal to make 
intermodal transport services viable. If there is sufficient cargo this also offers 
opportunities for efficient truck hauls, i.e. the possibility to combine trips. 

A greater accessibility to intermodal transport can increase the demand for intermodal 
transport and hence also the transshipment volume of a terminal, affecting the transshipment 
costs positively. Given a certain level of intermodal transport chain costs, a lowering of 
transshipment costs allows higher truck haul costs, i.e. an extension of the terminal service 
area, which creates better conditions to combine trips that could then reduce the truck haul 
costs. In brief, the efficiency in truck hauls contributes to the accessibility of intermodal 
transport in economic terms and vice versa. Various parameters like transshipment volumes, 
transshipment costs, size of the terminal service areas as well as opportunities for central 
planning of trips seem to be much related. Location policies regarding terminals and 
companies (shippers and consignees) are key factors to influence these variables into the 
direction of a better competitive position of intermodal transport. Hence, relevant questions 
are: 

Is there a need for more intermodal terminals and if so, where should they be located? 
What are favourable locations for these new terminals? 
What are the possibilities to get potential customers of intermodal transport located in the 
immediacy of terminals? 

The most promising solution, at least in European context, indicates into the direction of a so 
called ‘dispersed spatial concentration’ as a planning instrument to stimulate intermodal 
transport. This is an approach focused on the development of (large) business areas that are 
directly accessible by two or more modes of transport (road and rail and/or barge) through the 
presence of an intermodal terminal at the site of the business area. Since companies are 
located very nearby the terminal at a multimodal business area, the truck haul operations may 
be performed by terminal transport equipment offering substantial cost savings in these trips 
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between terminal and shippers/consignees. The number of such business areas is still limited 
compared to the number of business areas that are only accessible by road. 
The challenge is to seduce companies to locate there, but it is also important to attract the 
‘most suited’, i.e. very transport intensive, companies, such as forwarders and logistic service 
providers. So far regional and local governments in Europe do not have the appropriate policy 
instruments to perform such a policy effectively. In addition to the development of these 
multimodal business areas it is also useful to develop business areas on short distance of 
intermodal barge or rail terminals. Although haulage by truck is then needed, the 
concentration of customers offers favorable conditions for combined trips and drop-and-pick 
trips, and hence contributes to efficient truck hauls. 
In the spatial planning of companies and terminals there is a challenge to find a balance 
between sufficient freight volume to operate a terminal, minimizing distances in pre- and post 
truck hauls and maximizing possibilities to combine trips in pre- and post truck haulage. On 
the one hand the intermodal network should not have a very coarse structure, because this 
may result into too long distances in pre- and post truck haulage. On the other hand the 
intermodal network structure should not be too fine, otherwise freight volumes may be too 
small to operate a terminal profitable.  
The large share of pre- and post truck haulage costs in the total intermodal chain costs seems 
a strong argument to support the development of a more dense terminal landscape, in which 
there is a more profound role for small terminals. This is only economically and socially 
feasible if the exploitation of these terminals can be profitable. From this perspective the need 
for new transshipment- and terminal concepts, like for instance the low-cost barge terminal 
and self unloading vessels as mentioned before, is rational. In this way the market penetration 
of intermodal barge transport can be supported. 
Of course the choice between road-only transport and intermodal transport will not be 
determined by transport costs only. Transport quality aspects are gaining importance, among 
which is transport reliability. The possibility of intermodal transport to offer reliable transport 
services is an important feature, particularly in view of a deterioration of the reliability of road 
transport as a result of increasing congestion. It is for this reason that inland terminals are 
used, in addition to storage of empty containers, as a storage area for container cargo. 
Containers with cargo can then be delivered from the inland terminal to the customer on 
demand in a reliable and flexible way, in particular if the customer is located nearby the 
terminal. Hence, spatial concentration of businesses that receive or dispatch containers is not 
only beneficial for intermodal transport from the transport cost perspective, but it also 
strengthens the competitiveness of intermodal transport regarding the integral logistical trade-
off between different transport modes.  
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Abstract 

River-sea transport is an interesting intermodal transport concept by definition, because 
seaport transhipment is avoided. Nevertheless, the concept has not been widely developed in 
Europe. River conditions, draft restrictions in particular, generally form a major impediment. 
This restricts physical opportunities for this concept to a very limited number of transport 
corridors, and even then it is faced by limitations influencing the economic attractiveness of 
such a concept. This paper evaluates the opportunities of a river-sea transport concept, in 
which specially designed push barges are being used to face these limitations. The concept 
envisages a service on the United Kingdom - Germany corridor, and examines its 
competitiveness with regard to a number of alternative transport modes. To this end, a model 
is developed which can be used as a tool to determine the optimal choice of ports to serve. 
The model considers the transport qualities and available transport volume collectively in 
order to determine the most interesting transport service of such a river-sea push barge 
system. Based on the model results it is recommended to start transport services between Hull 
and a Lower Rhine inland port (i.e. Dormagen). 
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9.1 Introduction 

River-sea transport is an interesting intermodal transport concept by nature. It offers a 
seamless connection between the land and sea leg of a cross-sea journey: a coastal seaport 
transhipment is avoided. Because of the avoidance of this transhipment river-sea transport 
may result in substantial time and cost savings in the total intermodal transport chain, and 
even more so if such savings can be obtained at both ends of the transport chain in case pre- 
and end-haulage are needless. 
The concept of river-sea transport is not a new phenomenon in itself. It is true that river sea 
transport has been developed in Europe, but substantial traffic volumes are only found on a 
very limited number of routes (see also Rissoan, 1994). As a matter of fact, the quality of the 
inland waterways network is a decisive factor for the development of river-sea transport. Even 
on the well-developed West European waterways one is confronted with several restrictions, 
which limit the geographical range of river-sea transport. In general, river conditions, draught 
restrictions in particular, form a major impediment for river-sea vessels to operate under the 
most competitive conditions. A river-sea transport concept intended to meet these conditions 
is the River-Sea Push Barge (or RSPB) system. The technical design of the concept was 
developed by Vecomar International and Marine Heavy Lift Partners in the Netherlands. The 
core of the RSPB concept is the construction of specially-designed push barges which can be 
used at inland waterways and at sea as well. The major characteristic of these barges is the 
possibility to adjust to different draught conditions in an optimal way.  On the one hand the 
barges should be warranted as seaworthy and on the other hand they should provide a very 
limited draught for extended accessibility on inland waterways.  
A study has been conducted in which the market perspectives of this transport system have 
been investigated. This study focused on the transport corridor between inland harbours along 
the Rhine in Germany and between seaports on the coast of United Kingdom, as the most 
interesting starting point for introducing this concept into the market.  

9.2 The characteristics of the River-Sea Push Barge system 

The principal element of RSPB is the application of a push barge with a very shallow draught, 
making it possible to navigate the Rhine as far inland as Strasbourg. With conventional 
coasters, such as are currently used on the Rhine, this is either impossible or commercially 
unattractive, because: 

water levels in the Rhine cause too many problems; 
conventional coasters have too small a capacity; 
travelling inland waters with such ships is relatively expensive; 
the turnaround time of these expensive ships is too slow. 

By contrast, the push barge developed for RSPB is relatively inexpensive and has a large 
capacity, so the shortcomings listed above no longer apply. A shallow draught is achieved by 
the use of a pontoon with variable ballast options, above which a superstructure is built, 
which is furnished with specific loads (such as rolling stock or containers) in mind. Naturally, 
the design takes account of the construction size and classification regulations applying to 
Rhine push barge constructions. The push barge will measure 110-m (length overall) by 22-m 
width. 
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The ballast options of the push barge allow unhindered passage in the Rhine. When water 
levels are high, the barges are ballasted in order to allow the vessel to pass under bridges, 
while in low water the barges’ shallow draught enable almost unlimited movement. The 
height of the barge is related to the headroom allowed by the bridges over the Rhine, but is no 
less than 9.10 m. 
On the Rhine, the barge is pushed by, and linked to, a conventional (river) pusher tug using a 
method already widely employed. For sea transport, use is made of an existing tug fitted with 
a so-called Arti-couple system, a coupling method which was specially developed for this 
application. The barge’s ballast options are used to give the barge the required draught for its 
sea passage.  
The operational processes are as follows. The river push boat sails the barge from the 
hinterland into the seaport, there change of push boat takes place. Next the seagoing push boat 
sails the push barge to the seaport of destination, there the push barge will be discharged or 
eventually again been taken over by a river push boat to be sailed to its final inland (port of) 
destination. Because of rapid interchange of the push boats in the seaport, the duration time of 
the load in the seaport will be very short (maximum 2 hours). Figure 9.1 gives a diagrammatic 
representation of the RSPB transport concept. 

9.3 The competitive power of RSPB in relation to the potential ports of 
call 

An essential component of the successful introduction of RSPB is an understanding question 
of the ports between which such a service can best be offered. Factors determining the ‘best’ 
ports will include not only potential freight volumes but also the quality of any alternative 
transport options open for the route in question. The consideration that both these aspects – 
freight volumes and competition – have to be examined in their mutual relation underpins the 
following transport choice and demand model. 

9.3.1 Transport choice and demand model 

This model comprises a component expressing the transport choice and a component by 
which the transport demand is estimated (see also Quandt & Baumol, 1966). The model 
specifies the decision framework of the shipper’s modal choice, and it can be used to calculate 
a modal split for every route. However, this modal split is also dependent on the selected 
RSPB ports of call, because the location of these ports determines the performance of RSPB 
relative to alternative options and therefore affects the shipper’s ultimate choice. Once the 
total transport demand and the port-dependent modal split are known, a future RSPB transport 
share can be calculated for every alternative RSPB port of call, and it can be determined 
which ports of call the RSPB concept should select in order to recruit the most business. 

9.3.2 Assumptions of the model 

Within the framework of this research, a number of choices were made and a number of 
constraints imposed on the model. These choices and constraints are described in the 
following subsections.  
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Figure 9.1 The River-Sea Push Barge system in the intermodal transport chain 

The potential ports of call
For Germany, three possible ports were taken into consideration: Dormagen, Mainz and 
Germersheim. These were chosen both on the basis of their terminal facilities and their 
relative location. Dormagen represents one of the options in the so-called Lower Rhine; 
Mainz lies at a strategic point in the Middle Rhine; and the more southerly port of 
Germersheim can be regarded as an operating base for the Upper Rhine. 
In the United Kingdom the port of Hull was chosen, with no alternative ports of call being 
taken into consideration. This had to do with the lack of UK regional data on freight origins 
and destinations, which invalidated the usefulness of considerations relating ports of call with 
different freight volumes. 

Alternative transport concepts 
The RSPB concept was compared with the most important existing transport options on the 
UK-Germany corridor, namely road/ferry transport and the barge/short sea shipping chain. 
Road/ferry transport is well known as a rapid alternative, thanks to high transport speeds 
(both by road and by water) and short transhipment times (roll-on-roll-off) (Buis and Bovy, 
1997). The barge/short sea transport option has the reputation of being relatively slow, since 
goods have to be transhipped in three ports, but it has the advantage of being relatively 
inexpensive. Traditional sea-river transport using coasters has not been taken into 
consideration here, since this plays a negligible role in the transport of intermodal freight, i.e. 
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intermodal load units (such as trailers, containers and swap bodies), while this research is 
focussed on unitized cargo. 

Regions and freight flows
The attractiveness of a port of call depends, amongst other factors, on its location with regard 
to the freight; in other words, the combination of the potential freight volumes and their 
distance from a port will determine the attractiveness of that port. Data on the nature of the 
freight flows between the two countries, classified according to the regions of origin and of 
destination, can provide insight into this issue. The delineation of these regions takes account 
of their relevance for RSPB and the spatial scale level for which freight flow data was 
available. 
For Germany, the regions through which the Rhine flows, together with a number of adjacent 
regions lying within a short distance of the Rhine, were included in the RSPB’s proposed 
catchment area. These comprised five Bundesländern subdivided into 12 subregions (see 
Figure 9.2). For reasons concerning available data, consideration of the UK was limited to 
England as a whole; further subdivision into regional areas within England was impossible. In 
the model employed, the relative location of the port with regard to the freight was calculated 
using a ‘gravity model’. To this end a ‘freight supply centre of gravity’ was established for 
every region.  

The shipper’s decision-making process regarding modal choice: transport costs and 
transport time 
Numerous considerations play a role in a shipper’s choice of transport. Extensive research has 
been carried out into this (i.e. Jeffs, 1985, NEA/NEI, 1990; NIPO, 1997). The following four 
aspects are repeatedly cited as being important factors: costs, time, reliability and the 
prevention of damage. In comparing transport alternatives in our model, we shall concentrate 
on the significance of the first two: the cost and time factors. 
It is widely held that shippers will choose the transport service which offers the ‘least 
transport resistance’: in other words, the option which offers the best combination of door-to-
door transport cost and time (Tavasszy, 1996). This introduces the concept of ‘generalized 
transport cost’, since the calculation of transport resistance involves expressing both transport 
times and transport prices by means of a single financial denominator.  
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Figure 9.2 Considered regions and ports for the River-Sea Push Barge system 

However, the valuation of transport time is a troublesome business, especially in an 
aggregated model such as the one used here. This is because specific company-related logistic 
circumstances play a role that must be taken into account alongside the role played by 
commodity characteristics (see also Blauwens, 1991). In the valuation of time, the value of 
the commodity is generally accorded the most important role; for instance, one well-known 
method involves valuing time exclusively on the basis of the interest costs incurred by the 
commodities. This is a simple and clear approach, but in our view a too limited one; another, 
more sound approach is to value time on the basis of the so-called ‘revealed preference’ 
principle. Since this valuation is derived from actually observed behaviour, this approach may 
be expected to yield the best estimates (see also Blauwens and Van de Voorde, 1988). 
However, this technique requires extensive and detailed data on transported commodities, 
data which were not available in the present study.  
We have opted here for a method which is based on commodity interest costs, but which also 
takes some account of the costs associated with transport times, such as those incurred by the 
risk of devaluation, spoiling, etc, and the costs arising out of the need to keep safety reserve 
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stocks (see also Blauwens, 1991). For practical reasons, these additional costs are also 
expressed as a percentage of the value of the product. The total discount rate, interest costs 
plus additional costs, was set at 12% of the value of the product. This transformation of time 
into money makes it possible to calculate the generalized transport costs using the following 
formula (see also Groothedde and Tavasszy, 1997): 

Cs,m  = Ms + vm Ts 

Cs,m = generalized transport costs      (€ /unit) 

Ms  = transport rate of transport service s    (€ /unit) 

vm  = transport time valuation of product (group) m  (€ hours/unit) 

Ts  = transport time of transport service s   (hours)

In order to calculate the generalized transport costs, various sources of market data on prices 
and times were consulted. Data on the value of products were obtained from 1991 import and 
export figures published by the British DETR (Department of the Environment Transport and 
the Regions). The weighted average value of the products transported between the UK and 
Germany was calculated to be € 2,90 per kg. 
Using the generalized costs, the transport resistances offered by the various different transport 
services could be calculated and compared. The comparison of the resistances finally leads to 
a modal split. 

Unitized cargo 
The analysis focused on freight most suitable for intermodal transport, namely freight 
transported in containers. Data regarding container transport between United Kingdom and 
the German regions were provided by NEA figures for the year 1992. Such detailed data were 
not available for a more recent year. Of course, the volume of these transport flows may have 
changed over recent years, but it is very unlikely that regional patterns of transport flow have 
also changed radically within this time span. Since it was the regional differences in transport 
flows which were the most important for the purposes of our analysis, the data used were 
adequate to the task. With regard to the loading weight of container units, we have assumed 
an average freight weight of 22.5 tonnes.  

9.3.3 Model results 

In order to calculate the transport resistances, first of all the transit times and integrated 
transport costs were calculated for the various routes. A comparison of these transit times for 
the various transport concepts is given in Table 9.1. 
Table 9.1 shows the strong position enjoyed by road/ferry transport with regard to these 
transit times; Hull can be reached from practically every one of the German regions 
considered within a day. The RSPB concept offers more or less the same possibilities as those 
offered by the barge/short sea combination. For transport from the more southerly regions of 
Germany, the RSPB option offers a markedly shorter transit time than does barge/short sea 
(with time gains of up to 22 hours). This is because in transporting goods out of southern 
Germany, the initial road transport to Dormagen saves time compared with barge services, 
which will generally start at the closest inland shipping port. 
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In the event that RSPB services start in Mainz, then depending on the regional freight origins 
and destination it is still possible to save up to 12 hours of transit time compared to the 
barge/short sea chain, provided this chain always uses the closest inland shipping port. Since 
on this central part of the Rhine river (between Cologne and Wörth) draft and height clearance 
limitations for common inland shipping vessels only sporadic occur, it is very common to sail 
to an inland shipping port as close as possible to the origin or destination of the load. With a 
view to minimizing transit times, an RSPB service would always prefer to depart from 
Dormagen.  

Table 9.1 Freight transport transit time between German regions and Hull, UK (in 
hours) 

Mode of transport 

Region RSPB* Road/ferry Barge/short sea

Nordrhein Wf. Nord 46 19 47
Nordrhein Wf. Ost 45 19 46
Ruhrgebiet 44 18 45
Nordrhein Wf. Sud 43 19 49
Hessen Nord 48 22 53
Hessen Sud 47 22 62
Rheinland Pf. Nord 45 20 56
Rheinland Pf. Sud 48 23 66
Saarland 48 22 70
Baden Wb. Nord 49 24 70
Baden Wb. Ost 50 25 71
Baden Wb. West 52 26 72

*  RSPB times are calculated from the port of Dormagen 

As far as the transport costs are concerned, however, the picture is a little more subtle. The 
relatively high costs of pre- and end-haulage by road mean that the RSPB concept and the 
barge/short sea chain both prefer to use the nearest port of departure. For RSPB, Dormagen is 
the closest port for freight loads associated with regions adjacent to the Lower Rhine 
(Nordrhein Westfalen), Mainz for the Middle Rhine (Rheinland Pfalz, Hessen and Saarland) 
and Germersheim for the Upper Rhine (Baden Württemberg). Cost comparison between the 
three concepts gives RSPB a favourable position, with regard to the barge/short sea option but 
especially compared to road/ferry transport, which is the most expensive option from all the 
regions considered. 
On the basis of these transport times and costs, the generalized transport costs and then the 
transport resistances were calculated, and on the basis of these costs and resistances a modal 
split was estimated for each regional route. The results describe the situation in which RSPB 
uses Dormagen as its port of call (see Table 9.2). With the exception of the sub-regions in 
Baden Württemberg, the RSPB approach scores higher than both the road/ferry option and the 
barge/short sea combination. The strongest competition for RSPB comes from the barge/short 
sea option. The road/ferry option is markedly faster than both alternatives, but all in all the 
time gains provided are clearly insufficient to make the road/ferry option an important threat 
to either the barge/short sea or the RSPB route. 
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Next, the modal split data were applied to the regional transport volumes, which made it 
possible to determine which choice of port of call would give the RSPB option the best load 
maximalization. The regional distribution of container transport between the German regions 
considered and the UK is shown in Figure 9.3. 

Table 9.2 Modal split between German regions and United Kingdom (in %) 

Mode of transport 

 Region RSPB* Road/ferry Barge/short sea

Nordrhein Wf. Nord 69 15 16
Nordrhein Wf. Ost 76 8 16
Ruhrgebiet 79 7 14
Nordrhein Wf. Sud 87 4 10
Hessen Nord 70 20 10
Hessen Sud 57 9 34
Rheinland Pf. Nord 74 7 19
Rheinland Pf. Sud 54 13 33
Saarland 65 21 13
Baden Wb. Nord 25 9 66
Baden Wb. Ost 25 10 65
Baden Wb. West 19 16 66

*  Calculation of RSPB share is based on Dormagen as the port of call for RSPB 

Figure 9.3 Container transport between Germany and United Kingdom (both 
directions) via Belgian and Dutch seaports, according to regional 
origin/destination (x 1000 tonnes), 1992  

Source: OTB analysis of NEA data
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The presence of large volumes of container freight in the Lower Rhine, combined with the 
favourable modal split for RSPB in these regions, makes Dormagen the most attractive port of 
call for RSPB (see also Table 9.3). 
RSPB’s relative loss of market share when the port of call is Mainz or Germersheim can be 
explained by its weakened competitive position in these ports with regard to the most 
important freight transport regions.  

Table 9.3 Modal split for container transport between German regions and United 
Kingdom based on three RSPB ports (in %) 

RSPB ports 

Mode of transport Dormagen Mainz Germersheim
RSPB  74  27 16
Barge/short sea  19  50 58
Road/ferry   7  23 26
Total 100 100 100

9.3.4 Sensitivity analysis 

A number of input variables were varied in order to test the sensitivity of the model outcomes 
to these variables. For instance, the more expensive the commodities being transported, the 
more attractive it becomes to have them transported faster, and we might expect the market 
position of the road/ferry option to improve correspondingly. However, the value of the 
freight turns out to have only a limited influence on the time valuation, and thereby on 
RSPB’s competitive power. Details are shown in Table 9.4, which displays transport time 
valuations for different product values, logistical costs and transport time savings. It shows 
that substantial time costs are involved only when considerable time savings can be achieved 
for high-value freight entailing high logistical costs. If we look for instance at products with 
the average value of € 2,90 per kg (see section 9.3.2), assuming these products would entail 
high logistical costs (15% of the product value), then a transport time saving of one day (24 
hours) would result in a time cost saving of  € 26,82 per container unit. If a time saving of one 
day would occur on a transport of products with the same value, but entailing much lower 
logistical costs (9% of the product value), cost savings would decrease to € 16,09 per 
container unit. These examples show how fast road/ferry transport could compensate higher 
transport costs by saving on time costs. However, since the actual differences in transit time 
between RSPB and the road/ferry option are within the range of 24 – 27 hours (see also Table 
9.1), we can conclude that the differences in time cost are rather limited (unless the products 
are very expensive). RSPB’s low transport costs seem to be well able to make up for the fact 
that its transport times are longer than those offered by the road/ferry option. 
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Table 9.4 Time cost savings (in euros per 40ft container) for different product values, 
transport time savings and logistical costs 

Logistical costs (% 
of product value) 9 15

Transport time 
savings (hours) 

4 8 16 24 4 8 16 24

Product value 
(euro/kg) 

0.5 0.46 0.92 1.85 2.77 0.77 1.54 3.08 4.62

1 0.92 1.85 3.70 5.55 1.54 3.08 6.16 9.25

2.9 2.68 5.36 10.73 16.09 4.47 8.94 17.88 26.82

6 5.55 11.10 22.19 33.29 9.25 18.49 36.99 55.48

12 11.10 22.19 44.38 66.58 18.49 36.99 73.97 110.96

9.4 Conclusions 

The competitive power of the River Sea Push Barge system lies principally in its low 
transport costs. In cost terms, the system is in a position to compete with both the road/ferry 
and the barge/short sea transport options. As far as transport times are concerned, the RSPB 
system also has an edge over the barge/short sea route, since the slightly slower speed of 
RSPB compared to conventional barges (and, of course, coasters) is more than compensated 
for by the time saved through not having to tranship in a seaport such as Rotterdam. RSPB 
remains much slower than the road/ferry option, which is unbeatable in this respect. 
With these findings in mind, the RSPB concept should direct its efforts towards market 
sectors for which the time factor is of less importance; in other words, the market sector 
currently served by barge/short sea services. 
On the basis of the regional distribution of unitized freight volumes, and RSPB’s competitive 
position on the various routes, a port in the Lower Rhine, for instance Dormagen, is the most 
attractive location for a proposed RSPB port of call. The choice of a port of call in the Lower 
Rhine has a favourable effect on the comparative transit times offered by the RSPB concept, 
since the shorter the overall transport time, the greater the comparative time savings achieved 
by avoiding an intermediate seaport transhipment.  
This conclusion is remarkable when one considers that the target market initially envisaged 
for RSPB was the Middle and Upper Rhine region, in order to develop an alternative to the 
road/ferry and barge/short sea transport services which so far have no serious competition 
from the river-sea transport option in these regions.  
One of the additional benefits of starting a RSPB transport service on a relatively short haul, 
e.g. between Hull and Dormagen, is that a reasonably frequent, commercially attractive 
service (2 or 3 departures per week in both directions) could be maintained with relatively 
little material investment. Because of a short turnaround time of the services, a very limited 
number of barges are required. The largest initial investment, the cost of the new push barges 
themselves, is thereby limited, and this limits the risk involved in starting up an RSPB 
service.  
Dependent on its success the number of services and the systems’ geographical scope of 
operation (ports of call) could be expanded. In addition, new transport corridors with less 
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favourable waterway conditions for conventional coasters could be entered as well, exploiting 
the technical advantages of the system at the most. Observing the interesting sea-river routes 
in Europe (see Rissoan, 1994), a potential large market for the RSPB concept exists. 
The condition of limited investment costs and associated risks is a very important advantage 
of the RSPB-concept compared to other technical solutions for integration of inland and short 
sea shipping, such as sea barge docking and LASH (Lighter Aboard Ship) concepts. In all 
these concepts barges are taken aboard on sea-going vessels. The large investments in 
dedicated sea-going vessels, the large transport volumes required and controversial attitudes 
towards these barge carrier systems, are major explanations why these systems did not really 
succeed in the past (see also Hilling, 1977). Nevertheless, barge carrier systems, among which 
the Combined Traffic Carrier Ship/Barge concept (Janssen, 1994 & 1997), still enjoy serious 
interest. It would be worthwhile to investigate whether the conditions needed to implement 
this type of river-sea system have been improved by now. 
Ultimately, both types of systems – the River-Sea Push Barge system and the barge carrier 
system – could give a new dimension and great stimulus to the development of intermodal 
transport in Europe. 
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10 Continuous poor profitability in the container 
trucking industry: is there a way out?  

Konings, R., Continuous poor profitability in the container trucking industry: is there a way 
out? Paper submitted for publication. 

Abstract 

The functioning of the container trucking industry can be considered somewhat of a paradox: 
container transport is a booming business and is therefore a growth market for road transport, 
but in spite of this the trucking industry has great difficulties in operating profitably. 
Increasing competition of the alternative modes, rail and barge, plays a part, but the major 
explanation for poor profitability is related to the market structure of the container trucking 
industry. Its market structure fits to the theoretical model of perfect competition. This model 
is used to explain and illustrate the behaviour in the container trucking industry. In addition, 
this model is used to identify clues to improve the profitability of the sector. Promising 
strategies include offering added value services and increasing the scale of operation.  
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10.1 Introduction 

Since the introduction of the container as a load unit 50 years ago transport of goods in 
containers has been growing rapidly. Especially in deep sea shipping container transport has 
assumed large proportions and is now one of the most important shipping industries. As a 
result container transport has also become a major business in land transportation, in 
particularly in traffic between seaports and their hinterland. In accommodating this container 
traffic road transport plays an important role. If we look for instance at major container ports 
in Northwest Europe, it is a fact that the modal split of inland transport of containers is very 
much in favour of road transport (Table 10.1) (see also Darch, 2002). The significant role of 
barge transport in Rotterdam and Antwerp can be explained by the availability of a high-
quality waterway network, which is much less developed around the ports of Hamburg and Le 
Havre. However, the dominant role of road transport is unmistakable.  

Table 10.1 Modal split in inland transport of containers in selected major European 
seaports (x 1000 TEU and %), 2007 

 Rotterdam Antwerp Hamburg Le Havre 
Road 4.800 59 4.431 57 3.468 64 1.623 86 
Rail 900 11 775 10 1.830 34 98 5 
Barge 2.500 30 2.618 33 92 2 159 9 
Total 8.200 100 7.824 100 5.390 100 1.880 100 

Source: Port Authority of Rotterdam, Antwerp, Hamburg and Le Havre 

The success and the attractiveness of road transport can be attributed to its speed, flexibility, 
reliability and high service level. Customers generally value the performance of road transport 
very positively, but this is in contrast with the rather poor economic and social performance of 
the container trucking industry. If we look at the Dutch container trucking industry, which can 
serve as a model for the West European trucking industry, it is difficult to make money in this 
kind of transportation business.  

Data regarding the profitability of the container trucking industry show that this industry 
seems to operate unprofitable for many years. Moreover, the container transport sector also 
performs much worse than other sectors in the trucking industry.  
Figure 10.1 shows the development of profitability in international container trucking, but the 
results in domestic transportation are comparable. Transport firms have been confronted with 
substantial increases in costs over the last years, while the development of rates lagged 
behind, contributing to this poor profitability (Figure 10.2). As a result of bad profitability the 
number of bankruptcies has been substantial, but surprisingly also many new firms were 
established. Another observation is that driving time and maximum payload legislation are 
regularly violated, although this is not a problem of the container trucking industry 
exclusively. Strong competition is a likely explanation for these observations and seems to 
arise at two levels: between modes and within the mode of road transport. 
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Figure 10.1 Average profitability* of the container trucking industry and the total 
industry of Dutch truckers (in international transportation only), 1996 – 
2006 
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*  Profitability is defined as the net annual balance of profit, i.e. firm revenue minus costs and 
estimated costs (for pay and interest) as a percentage of the firm revenue. 

Source: NEA / Transport en Logistiek Nederland (TLN)

Figure 10.2 Development of rates and costs in domestic container trucking in The 
Netherlands (Index, 1997 = 100) 

Source: NEA and Centraal Bureau voor de Statistiek (CBS) 
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It is beyond doubt that the competition from rail and barge transport has increased during the 
last 10 years. The expansion and improvement of intermodal transport services has increased 
the attractiveness of rail transport and, in several places in Europe including The Netherlands, 
in barge transport as well. The number of inland terminals substantially increased. 
Consequently, more inland areas have become accessible to intermodal transport and also the 
frequency of intermodal services increased. The availability of more terminals and higher 
service frequencies has to some extent mitigated the disadvantage of lower flexibility of 
intermodal transport. Increasing container transport volumes have enabled new logistic 
concepts and an increase in scale of operation in barge transport, which have contributed to a 
further cost reduction of container barge transport. As a result barge transport can nowadays 
compete with road transport on much more transport relations and on shorter distances. 
On the other hand road transport is confronted with increasing fuel costs and congestion on 
roads and at terminals. Due to congestion road transport becomes more expensive, slower and 
less reliable. Road congestion in particularly occurs around large cities, such as port cities, 
and hence typically affects container truckers. However, congestion at the marine terminals 
due to so many truck visits is also a serious problem. Waiting times caused by traffic jams and 
related to the (un)loading at premises of shippers and terminals are increasing and this 
actually means that the business time spent on driving is decreasing. This development is 
most manifest in domestic transport, where the transport distances are short and consequently 
non-driving activities anyhow have a relatively large share (Figure 10.3). Especially the 
increase of congestion at marine terminals is leading to unbearable situations and is a reason 
for truckers to impose a surcharge to their customers to compensate for these waiting time 
costs. These circumstances favour the attractiveness of rail and barge transport, although 
terminal congestion is also an issue for barge transport (Konings, 2007). 

Figure 10.3 Average time consumption in domestic container road transport in The 
Netherlands (in %) 

Source: IG&H Management Consultants 

44
34

22

4

6

8

24
30

35

28 30 35

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

1986 1996 2006

shipper visit

terminal visit

congestion

driving



Chapter 10 - Continuous poor profitability in the container trucking industry: is there a way out? 179

Despite the increasing competitiveness of intermodal rail and barge transport and the erosion 
of the captive market for container road transport there are still many relations offering road 
transport a comparative advantage over rail and barge transport. Moreover, there is also a 
complimentary role for container road transport in the pre- and post-truck haulage of 
intermodal transport. Overlooking the development of container volumes transported by truck 
the growth of road transport has been impressive. From 2002 tot 2007 the number of 
containers transported by truck in the hinterland of Rotterdam increased from 1,959,000 to 
2,835,000 units, which is a growth of almost 45%. The poor performance in this industry can 
therefore not be explained by competition from rail and barge alone. Other forces seem at 
hand and the question arises: what is the role of intramode competition here?  
In this paper we will examine the container trucking industry in some more detail in order to 
reveal the causes for a low profitability and to look for opportunities for improvement. This 
issue will be discussed in a micro-economic perspective on market behaviour and in the 
context of the Dutch transport market.  
The structure of the paper is as follows. First the features of the container trucking industry 
are described in more detail in order to explore the market characteristics. Based on a 
theoretical framework of market behaviour this description is used to define the market 
structure of the container trucking industry. This theoretical model is used to explain and 
illustrate the behaviour in the industry as well as to identify clues to improve its profitability. 
The paper ends with conclusions and perspectives. 
  

10.2 A closer look at the container trucking industry 

It is difficult to define the container trucking industry accurately. Registration of trucks in The 
Netherlands is based on the core business of a firm, but does not exclude transport activities 
in other submarkets. Particularly in large companies trucks might be used now and then in 
several markets. Small companies, especially those having just one truck, are most likely to 
be involved in one submarket only. Due to changes in the way of collecting data on freight 
transport in The Netherlands the definition of the container trucking industry has been further 
complicated.  

The number of companies that are involved in container transport was estimated at about 
1,000 firms in 2006 (Zengerink, 2006), which means about 8% of the total population of 
Dutch road transport firms. In the nineties the number of container trucking firms has 
increased substantially. From 1993 to 1998 growth was 30%. However, in the same period the 
number of firms operating one truck increased by almost 100%. In 1998 about 25% of all 
firms were one-truck companies (Transport en Logistiek Nederland, 2000). This development 
can be explained by many ‘real’ new entrants, but also by truck drivers employed at large 
firms that became so called independent drivers. This means that they started their own 
transport business. The driving forces for this development have their roots both at the 
employers’ and the drivers’side. For the employer it can be a way to save on labour costs or at 
least to make labour costs flexible. He can hire this independent driver to perform part of the 
transport orders that the driver used to carry out when he still was an employee in that 
trucking company. For the driver the motivation to become an independent driver is the 
perspective to have a larger income by hard working, to have more freedom, e.g. in planning 
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his own working hours, and, in times of economic recession, more security of at least keeping 
a job. It is the combination of these aspects that strongly attract people to this profession. This 
sounds like a paradox, because of the negative profitability results of the industry. However, 
if a trucker is willing to work much more hours than a forty-hour week, indeed he can get a 
substantial income, but this is something that is not reflected in the profitability data. The 
calculation of these data is based on what is generally considered as an acceptable level of 
remuneration for labour input.  
Although accurate up-to-date and sector-wide data on the number and size of container 
trucking firms no longer exist, the structure of the Dutch Alliance of Seacontainer Transport 
companies (Alliantie Zeecontainer Vervoerders: AZV) – an association for container transport 
truckers – supports the assumption that small-sized firms still dominate this industry. In the 
AZV-association, counting 300 members, 24% of the companies have a license to operate one 
vehicle only, i.e. are one-truck companies (Table 10.2).  

Table 10.2 Distribution of Dutch container trucking companies (AZV members) by size 
(in the year 2008)  

Number of licenses (= number 
of truck units) 

Number of firms % 

1 73 24 
2 23 8 
3 13 4 
4 11 4 
5 to 10 63 21 
10 to 20 46 15 
20 to 50 50 17 
50 to 100 13 4 
100 and more 8 3 
Total 300 100 

Source: Transport en Logistiek Nederland (TLN)

Establishing a new firm in the container trucking industry is relatively simple. A truck and a 
trailer are the only capital assets needed to start business. Since such equipment can also be 
leased easily, the capital investments can be modest. Compared to several other road transport 
businesses container transport does not require a lot of specific knowledge: the focus is on 
transporting a box rather than cargo that for instance may require specific or careful treatment. 
In other words, it is rather easy to enter the market. 
Looking at the demand side of container transport the main players are container shipping 
lines, forwarders and shippers. Although these customers are numerous, many of them are 
large international operating companies, which provide them a strong market position. This 
holds in particularly for shipping lines and forwarders. These companies also have a strong 
interest in controlling the logistic chain, including the cost of landside transport services 
(Konings, 1993).  

To summarize, the container trucking market consists of many rather small-sized trucking 
firms and a relatively great number of large powerful customers. These circumstances provide 
customers to have a strong bargaining power to obtain low rates. Moreover, the price seems to 
be the most important distinguishing element in the marketing strategy of a transport firm, 
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because container transport consists of rather uniform services. Adding the fact that a 
customer can usually switch easily to a transport firm offering a lower rate, this can explain 
that price competition between firms is fierce and rates and profitability are low. 

10.3 A framework for analysis: market theory 

According to economic theory behaviour of a group of firms can be explained by market 
structures (Koutsoyiannis, 1979). Various criteria have been suggested for the classification 
of markets. Traditionally the basic criteria are the existence and closeness of substitutes 
(substitutability of products criterion) and the extent to which firms in the industry take into 
account the reactions of competitors (interdependence criterion). The latter criterion is closely 
related to the number of firms in the industry and the degree of differentiation of the product. 
If there are many firms in the industry each one of them will tend to ignore its competitors. If 
there are few firms each one will be conscious of its interdependence with the others and will 
take into account their reactions. Bain (1967) has suggested a third criterion for market 
classification, i.e. the ease of entry in the various markets. If we compare these criteria with 
the characteristics of the container road transport market, it fits to the theoretical market 
structure of perfect competition. 

The model of perfect competition is based on the following assumptions (Koutsoyiannis, 
1979): 

Large number of sellers and buyers 
The industry or market includes a large number of firms, so that each individual firm, 
however large, supplies only a small part of the total quantity offered in the market. The 
buyers are also numerous so that no monopsonistic or oligopolistic power can affect the 
working of the market. Under these conditions each firm alone cannot affect the price in the 
market by changing its output, i.e. the selling firm is a price taker. 

Product homogeneity 
The technical characteristics of the product as well as the services associated with its sale and 
delivery are identical. There is no way in which a buyer could differentiate among the 
products of different firms. If the product were differentiated the firm would have some 
discretion in setting its price. This is ruled out in perfect competition. 

Free entry and exit of firms 
There is no barrier to entry or exit from the industry. This assumption is supplementary to the 
assumption of large numbers. If barriers exist the number of firms in the industry may be 
reduced so that each one of them may acquire power to affect the price in the market. 

Profit maximisation 
The goal of the firm is profit maximisation. No other goals are pursued. 
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No government regulation 
There is no government intervention in the market: rate-setting, subsidies, rationing of 
production or demand and so on are ruled out. 

Perfect mobility of factors of production 
The factors of production are free to move from one firm to another throughout the economy. 
It is also assumed that workers can move between different jobs, which implies that skills can 
be learned easily. Finally raw materials and other factors are not monopolised and labour is 
not unionised. In short, there is perfect competition in the markets of factors of production. 
  
Perfect knowledge 
It is assumed that all sellers and buyers have complete knowledge of the conditions in the 
market. This knowledge not only refers to the prevailing conditions in the current period, but 
in all future periods as well. Information is free and costless. Under these conditions 
uncertainty about future developments in the market is ruled out. 

Market clearance and equilibrium 
The firm aims to maximize its profits i.e. will choose the output level where the difference 
between total revenues and total costs is greatest. Graphically the level of Xe in Figure 10.4 
can represent this. The shape of the total cost curve reflects the inverse shape of the variable 
cost curve, i.e. the law of variable proportions. The total revenue curve is a straight line 
through the origin, showing that price is constant at all levels of output, or in other words that 
the firm is a price-taker.  

Figure 10.4 Total revenue (TR) and total cost (TC) curve of a firm in a perfect 
competitive market 

Source: Koutsoyiannis, 1979 

Although the total revenue-total-cost approach is simple, it is more convenient and common 
to study the firms’ behaviour in an industry in a marginal cost and marginal revenue approach 
in which price is included as an explicit variable.  
Graphically the marginal cost is the slope of the total cost curve and the marginal cost curve 
cuts the (short run) average total cost (SATC) curve at its lowest point (Figure 10.5). The 
marginal cost curve actually also represents the supply curve of the firm.  
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The marginal revenue is defined as the slope of the total revenue curve. It is constant and 
equal to the prevailing market price, since all units are sold at the same price. Therefore in 
perfect competition marginal revenue (MR) = average revenue (AR) = price (P). Since the 
firm is a price taker and can sell any amount of output at the going market price the average 
revenue curve is also the demand curve. 

Figure 10.5 Marginal revenue and marginal cost curve of a firm in a perfectly 
competitive market 

Source: Koutsoyiannis, 1979

In this marginal approach the firm is in equilibrium (maximizes its profits) at the level of 
output defined by the intersection of the marginal cost and marginal revenue curves. In Figure 
10.5 the equilibrium (in short run) is at output level Xe, which corresponds here with an 
excess profit equal to the area of PABe, because the SATC curve is below the price at 
equilibrium. According to the theory excess profits (or losses) are not sustainable in the long 
run and the existence of excess profits or losses will cause changes in output (by entry, exit 
and readjustment of the remaining firms) leading to a long-run equilibrium in which firms just 
earn normal profits (i.e. a remuneration for use of production factors). In the long run firms 
are in equilibrium when they have adjusted their plant so as to produce at the minimum point 
of their long run average cost (LAC) curve, which is tangent (at this point) to the demand 
curve defined by the market price (Figure 10.6). The industry is in long-run equilibrium when 
a price is reached at which all firms are in equilibrium. 




