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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 
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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). 
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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
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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). 
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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 


