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Abstract 
This master thesis describes a project conducted at Brabant Intermodal B.V., an organization based 
on a horizontal cooperation between four inland terminal operating companies in the Dutch 
hinterland. Although the cooperation between the four terminals looks rather promising, the 
determination and division of the benefits is one of the impediments of this cooperation.  

For that reason, the main objective of this project is to give insights in the benefits of cooperation 
and the division of these benefits among the various partners. Therefore, first a qualitative and 
quantitative analysis of the benefits is given. The qualitative analysis discusses a variety of benefits. 
The quantitative analysis focuses on the quantification of the value obtained from the bundling of 
freight within a hub-and-spoke network and the value from an improved reliability at the port 
terminals. A Mixed Integer Linear Program, based on operations research, is developed for the 
quantification of these benefits.  

Subsequently, the division of these benefits of cooperation is studied. The proposed division is 
based on an allocation rule from cooperative game theory, the Shapley value. A second method, a 
combination of the Shapley value and the Weighted Shapley value, is proposed as an alternative in 
case of the asymmetric contribution of the players to one of the selected benefits. 

Finally, the effect of some stochastic parameters on the value of this horizontal cooperation as well 
as on the division of this value among the partners of this cooperation is studied in a scenario 
analysis. 

 

 

This report has been made suitable for publication, therefore the outcomes are scaled. 

Furthermore, appendices or other relevant information throughout this thesis have 

been labeled confidential and are masked in this version.  
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Management Summary 
This master thesis project is executed at Brabant Intermodal B.V, an organization based on the 
cooperation between four inland terminal operating companies (TOCs) in the Dutch hinterland. For 
the sustainability of this cooperation and the realization of the potential of cooperation, the 
determination and the division of benefits among the partners is of utmost importance. This thesis 
starts with a qualitative analysis of the benefits of cooperation between inland TOCs. Subsequently, 
a method for quantifying a selection of benefits is proposed. This method is used to determine a 
projected value of cooperation and to analyze the effect of some stochastic parameters on the value 
of cooperation by means of a scenario-analysis. In the second part of this thesis, two allocation rules 
are proposed based on cooperative game theory. These allocation rules are applied to determine the 
allocation of the value of cooperation among the partners in the so-called average case scenario and 
in the various scenarios of the scenario analysis.  
 
Problem Statement 
The literature study and a thorough analysis at Brabant Intermodal B.V. during the preparation 
phase of this project resulted in the problem statement: 

Although this cooperation seems to witness a diversity of collective benefits, these collective benefits are still undefined 
and not quantified. Besides, the participants have no insights in the individual benefits resulting from these collective 
benefits. This lack of insights into the collective as well as individual benefits makes Brabant Intermodal B.V. an 
incomplete and unstable cooperation. 

Based on this problem statement, the main objective of this project is to give insights in the benefits 
and the division of these benefits among the various partners of this horizontal cooperation. 
 
Benefits of Cooperation 
Three categories of expected benefits of cooperation can be defined, based on the goals of this 
cooperation. The three categories with its corresponding benefits are shown in the columns in Table 
1.  

Table 1: Benefits of a cooperation between terminal operating companies. 

Optimizing Inland Transport Improving Service and Quality Improving the Market Position 

Reducing the operational costs. Improving the reliability. Competitive advantage with regard to truck 
transport; modal shift. 

Reducing the external costs. Increasing the frequency. Scale advantage: sea terminals, government, 
Province of North Brabant and shipping 
lines. 

Procurement advantages. Learning and Internalization of 
knowledge. 

 

A scope regarding the quantification of benefits is defined, due to the limited time span for this 
project. Therefore, it is decided to focus on one of the main benefits of cooperation: the reduction 
in operational costs as a consequence of the efficient bundling of freight in a hub-and-spoke 
network. Furthermore, the operational costs can be reduced through a better reliability with regard 
to handling at the port terminals of Rotterdam. As this reliability improvement is mentioned as one 
of the most important benefits of cooperation, the quantifiable and major effects of the reliability 
improvements on the value of cooperation are quantified as well. The reliability effects included in 
this project are: 

- A volume growth as a consequence of offering a more reliable product. 
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- A reduction in the number of rush orders as a consequence of offering a more reliable 
product. A rush order is thereby defined as an order from the customer to truck goods 
between the port and the customer instead of using intermodal barge transport. This request 
is based on the shorter throughput times and more certainty for a timely delivery. 

- A reduction in the waiting times at the port as a consequence of fixed time window 
agreements at the port terminals. 

Although only a selection of benefits is quantified in this report, the other benefits should not be 
neglected. This means that the value of cooperation could be higher than determined in this project.  
 
Method for Quantification and Division 
The selected benefits affect the operational costs as well as the revenues of the various TOCs. 
Therefore, a Mixed Integer Linear Program (MILP) is developed to determine the minimal 
operational costs for all possible subsets of cooperating TOCs.  Subsequently, the value of 
cooperation (expressed in operational cost savings and extra revenues) can be determined by 
comparing the operational costs and revenues in the cooperating and non-cooperating situation.  

Game theory is used for the division of this value among the partners of the cooperation. Based on 
cooperative game theory, a well-established, single valued allocation rule, that fulfills some nice 
properties is chosen, namely the Shapley value. A second allocation rule is proposed as an alternative 
in case of a potential asymmetric contribution of the players to the value of a reduction in waiting 
times. This second method is a combination of the Shapley value and a weighted Shapley value. 
Whereas the first method divides the value from a reduction in the waiting times equally among the 
partners, the second method divides it weighted by the barging volumes. 

Results 
The projected value of cooperation as is found for the average case is € 1,484,101 euro per year. 
This value is composed of a reduction of 6% of the operational costs and an increase of 2% of the 
revenues under cooperation in comparison to the costs and revenues of individually operating 
TOCs. Thereby it needs to be remarked that only the relevant operational costs, costs that are 
subjected to change under cooperation, are included. Furthermore, this projected value is based on 
the assumption that the natural demand growth is equal to 5%, the demand growth as a 
consequence of an improved reliability is 3% for the grand coalition, the percentages rush orders for 
ITV, ROCW, BTT, OCT become respectively 3%, 2%, 24% and 2% and that the waiting times at 
the port terminals are reduced to 0.5 hours. Since these parameter settings are stochastic, a scenario 
analysis is executed for determining the effect of these parameters on the value of cooperation. The 
findings of this scenario analysis are: 

- A volume growth will have a positive effect on the value that can be obtained. A volume 
increase of 10% will deliver an increase in the value of cooperation of 5%. Hence, 
cooperation will be worth more when the natural demand growth becomes larger. 

- With a reliability improvement, the value of cooperation increases the most when its effects 
on the demand are considered. An increase in demand of 3% for each terminal as a 
consequence of an improved reliability is worth 480,319 euro and for an increase of 6% for 
each terminal this reliability improvement is worth 954,105 euro.  

- Also a reduction in the percentage of rush orders will have a considerable positive effect on 
the value of cooperation. A reduction in the percentages of rush orders to 3%, 2%, 24% and 
2% for respectively ITV, ROCW, BTT and OCT in comparison to the current percentages 
of rush orders will be worth 465,632 euro. 
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- Finally, the reduction in the waiting times at the port terminal has a positive effect on the 
value of cooperation. A reduction in the waiting time to 0.5 hours instead of 2.5 hours will 
be worth 358,600 euro. 

Based on the analysis of the grand coalition and the other coalitions it can be concluded that the 
value of cooperation also depends on operational efficiency in the hub-and-spoke network. This 
appears from the fact that the operational cost savings are mainly obtained from the use of cost-
efficient barges at higher frequencies between the satellite terminals and a hub terminal, renting less 
barges, a higher utilization rate of larger barges between the hub and the port and a reduction in the 
costs for trucking. Therefore, the following conclusions on the operational level can be made: 

- The volumes that should be transported via OCT strongly depend on the total volume of 
the grand coalition and the capacity used at OCT.  

- Because of the costs for transporting via the external partner, it is not attractive for the 
terminals to transport via this external partner. 

- BTT should transport on the overcapacity of OCT. Thereby, BTT will get priority over ITV 
and ROCW, since the cost savings are largest for BTT. 

- There is a break-even point of the volume of ROCW at which it is optimal for ROCW to 
use an own barge on the connection to the port instead of transporting via a hub. Thereby, 
the volumes that are considered out of scope in this project and the flexibility requirements 
of ROCW need to be considered. 

Based on the findings as discussed above, it can be concluded that the cooperation is valuable. Since 
the partners of cooperation are interested in the individual benefits they can obtain from 
cooperation, the second part of this thesis proposes an allocation of the value based on the 
allocation rules as are already discussed. The resulting allocation vectors of the value for the average 
case (€ 1,484,101 euro), are given in Table 2. 

Table 2: Final payoffs of the four partners in the average case scenario. 

 ITV ROCW BTT OCT ITV ROCW BTT OCT 

Shapley value 
The Shapley value allocates to each participant its average marginal contribution based on a complete random order of entering of participants. 

Average Case € 298,077   €    386,836  €     371,228   €   427,960  20% 26% 25% 29% 

Shapley value/Weighted Shapley Value 
A combination of the Shapley value and the weighted Shapley value. In which the Shapley value is used for allocating the value of all benefits except 
the waiting time reduction benefit and the weighted Shapley value is used for allocating the value of the waiting time reduct ion benefit. The 

weighting factors are the barging volumes of the terminals. 

Average Case € 260,087 €     363,353 €      372,948 €   487,713 18% 24% 25% 32% 

The payoffs as are given in Table 2, give the final payoffs that the various partners should obtain 
based on the proposed allocation rules. However, by changes in the operational costs or by changes 
in their revenues as a consequence of cooperation, in practice this value is already divided over the 
partners. Side-payments should be made to divide the value in accordance to the proposed allocation 
rules. 

For both allocation rules in all scenarios is concluded that they (1) divide the total value among the 
players of the coalition (efficiency), (2) allocate the value in such a way that the payoff for each 
player when cooperating is at least the payoff when operating alone (individual rationality), and (3) 
allocate in such a way that there is no coalition whose players together receive less than this coalition 
can obtain by itself (stability). From these findings can be concluded that these allocation rules are 
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both suitable for this context and setting. Finally it is concluded that the allocation of the value, in 
terms of percentages of payoffs of the total value, among the partners is rather robust for the 
various scenarios.  

Based on the findings above, some recommendations can be made for Brabant Intermodal B.V. 
These recommendations are: 

 Continue cooperating in the grand coalition, since this result in the highest value under each 
expected natural volume growth. 

 BTT needs to transport on the over-capacity of OCT, since this results in the largest 
operational cost savings. This results in even more cost savings when OCT adapts its 
capacity optimally to the volumes of the grand coalition. 

 Focus on obtaining an improved reliability in the port and getting a reduction in the waiting 
times, since this increases the value of cooperation even more. 

 Prevent a reverse model shift (more rush orders). Due to the eventually increasing 
throughput time of barging as a consequence of the extra handlings required at a hub 
terminal, this is one of the concerns of operating in a hub-and-spoke network. However, this 
increasing throughput time can be opposed by a reduction of the waiting time at the port 
terminals. Besides, although the throughput time will possibly be increased, the terminal 
operating companies can offer a more reliable product to their customers. In this sense, by 
minimizing the increase of throughput times and focusing on offering a more reliable 
product to the customer, the probability of the occurrence of a reverse modal shift can be 
reduced. 

 Use one of the allocation rules as proposed in this study to get insights in the individual 
benefits of cooperation in this context. The decision between the two allocation rules should 
depend on the perceived fairness of allocating the value of a reduction in waiting times in 
practice. Further research is recommended for translating this strategic tool to an operational 
tool. 
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ECT   Europe Container Terminals. 
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OCT   Oosterhout Container Terminal B.V. 

ROCW   Regionaal Overslag Centrum Waalwijk B.V. 
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List of  Definitions 
Bundling: Bundling can be defined as the common transport of freight belonging to 

different transport relations in common transport units (e.g. barges) and/or 
load units (e.g. containers) during (common) parts of the routes (Konings, 
2009). 

Empty Depot Location: A location where the empty containers can be stored to enable the 
exchange of empty containers between the different terminals, without the 
incurrence of fees on short terms.  

Fixed Time Window:  A fixed time window means that a certain amount of quay capacity is 
    reserved for one specific barge for a specific time period (Van Rooy, 2010). 

Game Theory: Game theory deals with the mathematical modeling and with the analysis of 
the models using mathematical techniques of decision making by 
individuals that can result in conflicts or cooperation between them. 

Horizontal Cooperation: Active cooperation between two or more firms that operate on the same 
level of the supply chain. 

Hub-and-spoke network: In a hub-and-spoke network all origins and destinations are connected to 
each other via a centrally located terminal (hub), which means that freight 
for different destinations can be jointly transported (Konings, 2009). 

Intermodal supply chain: A supply chain which reflects a combination of at least two modes of 
transport in a single transport chain without a change of containers for the 
goods, with most of the route traveled by rail, inland waterway or ocean-
going vessel, and with the shortest possible initial and final journeys by road 
(Macharis & Bontekoning, 2004). 

Re-use: Re-using a container means that instead of empty importing or empty 
exporting containers, containers can be used that are already at a terminal 
from transporting another order. 

Rush orders: Orders from the customer to truck goods between the port and the 
customer instead of using intermodal barge transport. This request is based 
on the shorter throughput times and more certainty for a timely delivery. 

Shipping Line: The container shipping line is traditionally responsible for shipping between 
ports. Shipping lines increasingly aim to provide door-to-door services. This 
implies shipping lines are actively involved in the design of hinterland 
transport services and increasingly recognise the value of inland hubs, and 
invest in deep-sea terminals. Furthermore some shipping lines provide 
integrated logistic packages (Van Rooy, 2010). 

Terminal Operating Company: The TOC provides terminal handling activities and manages the container 
flows on the terminal. TOCs increasingly aim to manage a network of 
inland terminals as well. 
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1 Introduction 
In this report my master thesis project and its results are presented. This master thesis project has 
been conducted at Brabant Intermodal B.V., an organization based on the cooperation between 
four inland terminal operating companies in the Dutch hinterland. For the sustainability of this 
cooperation and the realization of the potential of cooperation, the determination and the 
division of benefits among the partners is of utmost importance. Therefore, these aspects will be 
the subject of this master thesis. 

In this chapter, Section 1.1 will describe Brabant Intermodal B.V. by discussing all terminals 
individually, followed by a description of the cooperation. In Section 1.2 the most important 
findings of the literature review and the scientific relevance of this project will be discussed. In 
Section 1.3 the problem statement and the research questions are given, which are derived from a 
thorough analysis during the preparation phase. In Section 1.4 the project scope is defined.  
Finally, the structure of this report, based on the chosen research methodology, will be stated in 
Section 1.5. For an overview of all abbreviations and the definition of terminology used in this 
report, the reader is referred to the list of abbreviations (Page IX) and the list of definitions (Page 
X). 

1.1 Brabant Intermodal  

In this section, Brabant Intermodal B.V. is introduced by a description of the individual partners 
and the cooperation. 

1.1.1 Partners 

Brabant Intermodal B.V. is a cooperation between four inland terminal operating companies 
(TOC) in the Dutch Hinterland, who exploit five terminals. All terminals are located in the 
province of Noord-Brabant and are named Inland Terminal Veghel B.V. (ITV), Regionaal 
Overslag Centrum Waalwijk B.V. (ROCW), Barge Terminal Tilburg B.V. (BTT), Rail Terminal 
Eindhoven B.V. (RTE) and Oosterhout Container Terminal B.V. (OCT).  

The role of inland TOCs can be defined as synchronizing flows to and from the port terminals 
with various geographical scales, various volumes and different time patterns. The aim of the 
TOCs is to operate in an intermodal supply chain. “An intermodal supply chain reflects a 
combination of at least two modes of transport in a single transport chain without a change of 
containers for the goods, with most of the route traveled by rail, inland waterway or ocean-going 
barge, and with the shortest possible initial and final journeys by road” (Macharis & Bontekoning, 
2004). Besides the intermodal transport between the customers and the port, unimodal transport 
by truck can take place between a customer and the port when it is needed. In addition to the 
transport service, TOC‟s role is extending to additional services like the empty container storage, 
container cleaning, stuffing and striping and freight warehousing and assembling activities 
(Konings & Priemus, 2008).  

Four terminals of Brabant Intermodal B.V. are barge terminals, namely ITV, ROCW, BTT and 
OCT. Hence, these terminals combine transport by inland waterway and road. BTT has in 
addition to the barge terminal also a rail terminal. Furthermore, RTE is a rail terminal. In Figure 
1, blue circles represent the barge terminals and green triangles represent the rail terminals. 
Furthermore, there is a potential external partner. This external partner will be discussed in more 
detail in Section 1.4.2. The red lines represent the waterway connections. 
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Since the focus in this project will be on barge terminals, a barge intermodal supply chain is 
illustrated in Figure 2. This supply chain is characterized by a long haulage between the port and 
an inland terminal by barge, a handling by a crane or a reach stacker at a terminal and a short 
haulage between an inland terminal and a customer by truck. Alternatively, direct truck transport 
can take place between the customer and the port when there is capacity shortage or a customer 
orders transport by truck.  

Port

C

Inland 

Terminal

 

Port terminal

Barge Transport
Inland Barge 

Terminal

C

Customer

Truck Transport

 

Figure 2: Supply Chain of a barge terminal (representing the possible flows between the inland terminal and the port 
terminal). 

It is important to mention that the Dutch inland terminals are located in another‟s vicinity and at 
a reasonably small distance from the hub terminal. The average travel times (single trip) by barge 
and by truck to the port of Rotterdam are given in Table 3. These values are based on estimates 
from company representatives and route planning software. 

Table 3: Travel times (single trip) between terminals and the port of Rotterdam by barge and by truck. (Source: 
company representatives Brabant Intermodal B.V. & route planning software). 

Terminal Travel time Barge transport 
(hours) 

Travel time  
Truck Transport (hours) 

ITV  11 2 

ROCW  7 1.5 

BTT  9 1.75 

OCT  6 1.5 
 

 

Port terminal

External Partner

Barge Transport

(*) 52 TEU is  max. capacity when using 

push-barge; 28 TEU without.

Inland Barge 

Terminal

Inland Rail 

Terminal

Note: The maximum barging capacity to 

the port of ITV is larger than ROCW‟s 

maximum barging capacity due to a lock 

by ROCW.  

Figure 1: The location of all terminals of Brabant Intermodal B.V. with the corresponding waterway connections and 
capacities.  
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The barge terminals are all located along relatively small waterways (Figure 1). ITV, ROCW and 
BTT can only use small to medium sized barges (24 TEU1 – 52 TEU) on their connection to the 
port. OCT can use larger barges until a maximum of 108 TEU.  

The terminals considerably differ in size with regard to their volumes handled per year. The two 
largest terminals are BTT and OCT with volumes of respectively ''''''''''''''''''' TEU/year and 
''''''''''''''''' TEU/year. ROCW, RTE and ITV are considerably smaller, with volumes of ''''''''''''''' 
TEU/year, ''''''''''''''' TEU/year and ''''''''''''''' TEU/year. These volumes are based on the year 2010. 
The volumes are almost equally divided over inbound and outbound. The inbound volumes of 
each terminal are a bit larger, since inland terminals sometimes return containers for external 
carriers who imported these containers themselves. This almost never occurs the other way 
around, which explains the observed difference. Furthermore, it can be concluded that there is 
still potential for re-use of containers, since there is a considerable amount of empty inbound and 
empty outbound. Re-using a container means that instead of empty importing or empty 
exporting containers, containers can be used that are already at a terminal from transporting 
another order. More information about the volumes and the potential for re-use is given in 
Appendix A. 

1.1.2 The Cooperation 

Brabant Intermodal B.V. was founded in 2009 under the pressure of fierce competition in the 
transport industry. The goal of cooperating is to move from four individual „terminal 
propositions‟ to one shared „network proposition‟. Thereby they would like to improve their 
proposition towards terminal operating companies in the port, shipping lines and shippers. This 
requires respectively a reduction of the number of calls at the deep-sea terminal, better empty 
container management and reliable, fast and frequent services. These goals can be summarized as 
(a) optimizing the inland transportation for participants, (b) improving the service and quality 
that is offered to the involved parties and (c) improving the market position of the participants.  

This cooperation is still in its early phases. The current way of cooperating can be characterized 
as an ad-hoc bundling of freight or re-use of empty containers. Bundling can be defined as the 
common transport of freight belonging to different transport relations in common transport 
units (e.g. barges) and/or load units (e.g. containers) during (common) parts of the routes 
(Konings, 2009). The extent to which the various participants make use of this cooperation 
differs considerably.  

The main structure used for bundling of freight is based on a hub-and-spoke network. In a hub-
and-spoke network all origins and destinations are connected to each other via a centrally located 
terminal (hub), which means that freight for different destinations can be jointly transported 
(Konings, 2009). The terminals that transport their goods to the hub terminal are called satellite 
terminals. In this network, OCT functions as a hub, since it is a centrally located terminal that has 
as a function to consolidate freight destined to and coming from satellite terminals (ITV, ROCW, 
BTT). Also the re-use of containers can be described as an ad-hoc form of cooperation. The 
exchange of containers aimed for re-use is mostly done directly by trucking, which means that no 
hub or empty depot is involved. The current way of cooperating related to bundling as well as to 
empty container re-use faces some impediments in practice that withhold a structural 
cooperation. 

                                                
1
 TEU = Twenty-feet Equivalent Unit (1 TEU = 20ft container). 
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1.2 Literature Review 

With regard to this project, three interesting fields in the literature are studied, namely the 
research field of intermodal barge transport, horizontal cooperation and benefit allocation. The 
literature about intermodal barge transport is interesting with regard to the new developments in 
the intermodal barge transport field. As one of these developments appears to be the change in 
networks and the corresponding necessity of cooperation, it is interesting to review the literature 
on horizontal cooperation and its benefits and impediments. Finally, although collective benefits 
are of interest when cooperating, mostly participants of a cooperation are more interested in their 
individual benefits from cooperation. A scientific research field that studies methods to divide 
benefits fairly among various partners in a cooperation is game theory. This is the third field that 
is reviewed in the literature study. Some of the interesting findings of the literature review will be 
discussed in this section. For the complete literature study the reader is referred to Soons (2010). 

1.2.1 Intermodal Barge Transport 

Due to the large growth of the freight transport over the last decades as a consequence of a huge 
increase of international trade caused by economic growth, market liberalization and economic 
globalization, it is questionable how to accommodate the future transport growth. An increasing 
amount of road transport will cause more and more problems like traffic congestion, polluting 
emissions and safety concerns. Consequently, alternative transport modes like rail and inland 
waterway transport become more interesting due to their larger capacities, their safety and, when 
used efficiently their more energy-efficient and less polluting transportation of freight. Besides, 
the introduction of the maritime container creates opportunities to combine the benefits of barge 
transport with the advantages of road transport (high flexibility and accessibility). The freight 
transport making use of load units and a combination of transport modes has resulted in a new 
market, the intermodal freight transport. An important aspect within this global supply chain is 
the hinterland intermodal transport, as this is often more costly than the maritime shipping part 
and the port costs together. In contrast to the maritime shipping and port operations research, 
the academic attention for the hinterland intermodal transport is still very young and the use of 
operations research in intermodal transport research is still very limited (Macharis & 
Bontekoning, 2004). Hence, the efficiency of the hinterland part of global supply chain can still 
be improved substantially.  

To stay competitive the intermodal barge transport requires improvements in the quality of 
service and cost reductions. With regard to the quality a reduction in transport time, a higher 
reliability, a higher transport frequency and the connection to more destinations is required and 
the accessibility to the waterway networks have to be improved (Konings, 2009). One of the 
responses of the TOCs is that they aim to manage a network of inland terminals (Van Rooy, 
2010). This is resembled by service networks that have developed over years. The last 
developments in the hinterland network are terminals that create connections with the rail 
network, and the creation of hub-and-spoke networks. In a hub-and-spoke network all origins 
and destinations are connected to each other via a hub (Konings, 2009). In accordance with 
Klaus (1985) the hub-and-spoke network is, among four types of networks, the network model in 
which the effects of freight bundling are maximal. The alternative network models are a point-to-
point connection, a collection/distribution network and a line network. The point-to-point 
network in which a direct service is offered between the origins and destination is stated to be 
only beneficial when the volumes are large enough to still offer the required frequency of service. 
The collection-and-distribution network, in which the freight of various origins is bundled at a 
location, transported to another location and subsequently split up for various destinations, is 
stated to be too expensive in the barge transport. The line network, in which more intermediate 
stops are made for the bundling of freight, has the disadvantage of increasing transit times 
(Konings, 2009). 
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Whereas Konings (2009) studies qualitatively the feasibility of a hub-and-spoke network by 
studying the advantages and disadvantages and the factors influencing the feasibility, Van Rooy 
(2010) extended the research of Konings (2009) by quantitatively investigating the cost-
effectiveness of a hub-and-spoke network for inland transportation. The most important 
conclusion is that the hub-and-spoke configuration is not necessarily a cost-effective alternative 
compared to the current way of operating. Network characteristics as well as operational issues 
influence the feasibility of this network concept. One of the operational issues mentioned by Van 
Rooy (2010) is that the cooperation and coordination between several actors in the supply chain 
is essential. In his case study, the cost-effectiveness of a hub-and-spoke network is investigated 
for Brabant Intermodal B.V. From this case study, it is concluded that the concept can be viable 
for the terminals under consideration and that substantial cost savings can be achieved. This 
requires however some additional changes like the increase of the barge capacity between the hub 
and the port to 208 TEU, a modal shift from truck to barge and an increase in empty container 
re-use.   

The existing literature is mainly focused on studying the costs of cooperating within a hub-and-
spoke network. However, it is likely that besides the cost-effectiveness of the hub-and-spoke 
network, other considerations are important for the sustainability of a cooperation. For example, 
the benefits of a horizontal cooperation need to be considered. Aspects like the benefits and the 
impediments of horizontal cooperation will be discussed in Section 1.2.2. 

1.2.2 Horizontal Cooperation 

In the literature about cooperation in logistics and transport a distinction is made in two types of 
cooperation; horizontal and vertical cooperation. The focus of this project is on horizontal 
cooperation in transport and logistics, which is defined as active cooperation between two or 
more firms that operate on the same level of the supply chain and perform a comparable logistics 
function on the landside (Cruijssen et al., 2007a). The main reason of cooperating is in accordance 
with Parkhe (1993) the relational rents, or also called synergies. This is “a supernormal profit jointly 
generated in an exchange relationship that cannot be generated by either firm in isolation and can 
only be created through the joint idiosyncratic contributions of the specific alliance partners” 
(Dyer & Sing, 1998).  Relational rents can be “hard” or in other words measurable like the cost 
savings. But can also be “soft”, like learning.  

The literature on horizontal cooperation in transport and logistics is in contrast to the literature 
on vertical cooperation very limited (Cruijssen, 2007). However, based on a research by Cruijssen 
(2007) in the transport and logistics context a few motives for horizontal cooperation can be 
derived. These motives are classified in four categories; cost and productivity, customer service, 
market position and other. These categories with the corresponding motives are given in Table 4. 

Table 4: Motives for horizontal cooperation in a transport and logistics context (Cruijssen, 2007). 

Cost and Productivity Customer Service Market Position Other 

- Cost reduction, 
- Learning and 
internalization of tacit, 
collective, and embedded 
knowledge, 
- More skilled labor force. 

- Complementary goods 
and services, 
- ability to comply to strict 
customer 
requirement/improved 
service, 
- Specialization. 

- Penetrating new markets, 
- New Product 
Development/R&D, 
- Serving larger clients, 
- Protecting market share, 
- Faster speed to market. 

- Developing technical 
standards, 
- Overcoming 
legal/regulatory barriers, 
- Accessing superior 
technology, 
- Enhancing public image. 

In accordance with Cruijssen et al. (2007b), the most important motives for horizontal 
cooperation in transport are improving the service, efficiencies and costs. By cooperating the 
competitiveness of the logistic networks can be increased. Goals of cooperating are for example 
the reduction of purchasing costs, the saving on storage costs by using joint facilities, and the 
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saving on non-core activities. Verstrepen et al., (2009) confirm the potential of cost savings on 
non-core activities in their Logistic Service Providers context. They confirm the potentials of 
cooperation on non-core activities, such as joint safety trainings, joint fuel facilities, which will 
result in reduced purchase costs and a higher quality of service at lower costs.  
Although, almost all literature focuses only on the benefits and opportunities of cooperation and 
neglects the possible impediments, Cruijssen (2007) defines four categories of impediments 
related to horizontal cooperation in transport and logistics. He defines four categories of 
impediments: partner selection, negotiation and coordination, information and communication 
technology, determining and dividing the gains. The task of finding a right partner can be a real 
challenge and a cost intensive process, as they need to be analyzed on strategic and operational 
capabilities. This will impede companies to initiate horizontal cooperation. A second impediment 
is formed by the difficulties that are related to the negotiation processes about the level of 
cooperation and definition of the responsibilities, rights and obligations of the various 
participants. The negotiation process should always result in a win-win situation, as the fierce 
negotiations cannot support the cooperation on a long-term (Cruijssen, 2007). An impediment 
within this negotiation process is the unequal negotiation position of the various parties. 
Furthermore, the need for coordination and information and communication technology can impede 
horizontal cooperating, as already medium intensity horizontal cooperation agreements require 
some supportive ICT, in contrast to the low intensity agreements in which these ICT applications 
are not required. Finally, one of the impediments is the determination and division of gains. A fair 
distribution of expected as well as unexpected costs among the participants of a cooperation is 
very important to maintain a cooperation (Cruijssen et al., 2007c; Gibson et al., 2002). This is also 
confirmed by De Langen et al. (2006), who state that if one wants to obtain the required 
cooperation between participants, each participant must have an incentive to do so. All players 
need incentives for cooperation, especially in cases that the benefits are collective rather than 
individual. Hence for creating a successful cooperation, the benefits should be shared in such a 
way that all parties see the advantage of collaboration. Although the more traditional rules for 
dividing benefits (like proportional to the total load shipped, proportional to the number of 
customers served, proportional to distance traveled for each shipper‟s orders, proportional to the 
number of orders, proportional to the transportation costs before the cooperation) are easy and 
transparent, in the long run some participants will become frustrated since their true contribution 
to the cooperation is undervalued (Cruijssen, 2007).   

No study is found that focuses on the benefits that can be obtained in a horizontal cooperation 
of terminal operating companies. Furthermore, the quantification of benefits of cooperation in 
transport and logistics is scarce. Since Cruijsen (2007) mentions the determination and division of 
benefits as an impediment of cooperation and discusses the shortcomings of the traditional ways 
of dividing benefits, game theory is studied in this project as an alternative for dividing benefits. 
The findings of this study are given in Section 1.2.3. 

1.2.3 Benefit Allocation 

In the literature about cost/benefit allocations, two types of cost/benefit allocation methods can 
be distinguished; the more traditional allocation rules and the rules that are based on cooperative 
games. Since the traditional allocation rules will not necessarily create a sustainable cooperation, 
in this part of the literature study only allocation rules based on game theory will be studied. 

Game theory deals with the mathematical modeling and with the analysis of the models using 
mathematical techniques of decision making by individuals that can result in conflicts or 
cooperation between them. This theory is often discussed and applied in scientific researches 
after the publication of the book “Theory of Games and Economic Behavior” by Von Neumann 
and Morgenstern (1944). A roughly distinction within game theory can be made between 
cooperative game theory and non-cooperative game theory. Non-cooperative game theory is 
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focused on conflict situations and cooperative game theory on situations in which various players 
coordinate their actions. The focus of this project is on cooperative game theory. Cooperative 
game theory studies situations in which various players coordinate their action, mostly resulting in 
joint profits exceeding the sum of the individual profits and subsequently studies how to divide 
these joint profits by defining allocation rules (Slikker, 2010). 

The literature on applications of game theory to horizontal cooperation in transport and logistics 
is scarce. Some interesting studies in which game theory is applied in a transport and logistics 
context are studies by Frisk et al., (2010), Liu et al., (2010), Ozener and Ergun (2008) and Theys et 
al. (2004). Frisk et al. (2010) study the allocation of costs in a forest transportation problem in a 
cooperation between eight companies that started collaborative planning.  Liu et al. (2010) follow 
a similar approach in their study on the allocation of collaborative profits in a Less-Than-
Truckload carrier alliance. Another approach is followed by Ozener and Ergun (2008), who study 
cost allocations in a collaborative transportation procurement problem. Finally, to the best of my 
knowledge, the only study applying cooperative games to an intermodal supply chain context is a 
study of Theys et al. (2004). Although this research gives insights in the difficulties that arise with 
formulating cooperative games in this context, it is a very basic research.  

One of the similarities between these studies is the structure of the research. All studies start with 
defining the problem in formal game theoretic concepts. Subsequently, the profits or costs of all 
possible coalitions in the specific context are determined, mostly by using operational research 
concepts (like a linear programming model (Frisk et al., 2010), a pickup and delivery model 
(Krajewska & Kopfer, 2008), a lane covering problem (Ozener and Ergun, 2008)). After the 
definition of the game, the properties of the games are discussed and analyzed for the specific 
context. These properties will be discussed in Section 4.1.1. Finally, all of these studies discuss a 
selection of allocation rules with the corresponding properties. These properties are related to 
fairness and stability issues of a division of costs or profits, and study for example whether 
players that contribute the same get the same and players who contribute nothing get nothing. 
For more detailed information about the properties, the reader is referred to Section 4.1.2.1 and 
Section 4.1.2.2. Finally, two well-established cost allocation rules, the Shapley value and the 
Nucleolus, are discussed in all of these researches. Therefore, these concepts will be discussed in 
this report as well (Chapter 4). The other rules as discussed in these studies are summarized in 
Appendix P. 

No study is found in which game theory is applied in a hub-and-spoke network in an intermodal 
supply chain context. 

1.3 Problem Statement and Research Questions 

During the preparation phase of this project, a problem situation is identified at Brabant 
Intermodal B.V. Subsequently, based on the findings within Brabant Intermodal B.V. and the 
literature study the research questions for this project are formulated. In this section the problem 
statement and the research questions of this project will be defined. 

1.3.1 Problem Statement 

Although the cooperation between the four terminals within Brabant Intermodal B.V. looks 
rather promising, there are practical impediments that withhold this collaboration from a 
structural cooperation at this moment. These practical impediments are related to the 
impediments that are considered in the literature as one of the main impediments of cooperation, 
namely the determination and the division of profits (e.g. Cruijssen et al., 2007c; Gibson et al., 
2002). If one wants to obtain the required cooperation between participants, each participant 
must have an incentive to do so (De Langen et al., 2006). Therefore, the problem statement, 
central in this project is: 
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Although this cooperation seems to witness a diversity of collective benefits, these collective benefits are still undefined 
and not quantified. Besides, the participants have no insights in the individual benefits resulting from these collective 
benefits. This lack of insights into the collective as well as individual benefits makes Brabant Intermodal B.V. an 
incomplete and unstable cooperation. 

The main objective of this project is to give insights in the benefits and the division of these 
benefits among the various partners. The determination and division of these benefits is of great 
importance since the relationship between the terminals in this cooperation is rather complicated 
due to contrasting interests. On the one hand, they compete for the same customers in the 
hinterland as they can increase the utilization of the transport vehicles (barges, trains) to the port 
terminals (and hence decrease cost) and can increase the frequency of service by attracting more 
customers. On the other hand, when cooperating they can jointly operate transport services to 
the port terminals and also reach better utilization of the transport vehicles and a higher 
frequency of service. Moreover, by cooperating, they can more efficiently re-use empty 
containers within the hinterland, which can significantly influence total costs of the various 
players (Van Rooy, 2010). These contrasting interests of the individual terminals and the 
importance to cooperate due to the competitive pressure, requires the definition and 
quantification of the collective and individual benefits. When these benefits become not visible 
on a short term, the sustainability of this cooperation will be endangered. 

1.3.2 Research Questions  

Based on the problem statement and the literature research, research questions are stated that are 
of a scientific as well as of a practical relevance. The research questions that will be answered in 
this project are: 

1) What are the benefits of a horizontal cooperation between inland terminal operating 
companies? 

 What factors influence the benefits that can be obtained under cooperation? 

 How to quantify the benefits that are obtained under this horizontal cooperation? 

2) How to divide the collective benefits among the various terminal operating companies 
participating in a horizontal cooperation? 

 How to define the value of each possible subset of cooperating terminal operating 
companies? 

 What are the most important properties of a benefit allocation rule in the context of a 
cooperation of terminal operating companies? 

 What is an appropriate benefit allocation rule? 

1.4 Project Scope 

In this section the scope of this project regarding the network configuration and the network 
structure will be defined.  

1.4.1 The Network Configuration 

Based on the findings of the literature review regarding the cost-effectiveness of a hub-and-spoke 
network and the current developments within Brabant Intermodal B.V., it is decided to focus on 
a hub-and-spoke network. This means that it is assumed that bundling of freight only takes place 
at hubs. This results in the supply chain as is illustrated in Figure 3. From this figure can be 
concluded that direct transport per barge or by truck between an inland terminal and a port 
terminal is still considered to be possible, hence no total hub-and-spoke network is assumed.  
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Figure 3:  Hub-and-spoke network, in which the various paths of transport are illustrated. 

1.4.2 The Network Structure 

Regarding the network structure, a scope needs to be defined concerning a few aspects. First of 
all, it is decided to include only the barge terminals in this project. Hence, only the benefits of 
cooperation in an intermodal barge supply chain will be studied. This also means that only four 
of the five terminals that are part of the cooperation Brabant Intermodal B.V. are included in this 
project. The rail terminal Eindhoven (RTE) is considered out of scope in this model, since the 
volumes of RTE will not be bundled with the volumes of other players. Besides, since there is no 
waterway connection between RTE and the other players, RTE cannot be reached by barge. 
Furthermore, the volumes that are transported by BTT by rail are considered out of scope in this 
project. 

It is assumed that there are two hub terminals in this network. One of the hub functions is 
fulfilled by OCT, a partner of the cooperation. In this project is referred to OCT as the internal 
hub. Besides, the terminals have a possibility to transport their goods via an external partner. This 
external terminal functions as a hub as well and charges a price per container for handlings and a 
price per TEU for barging. This terminal will be referred to as the external hub. It is decided to 
include an external partner in this project, since this option is considered within Brabant 
Intermodal B.V. as a consequence of handling capacity shortage at hub terminal OCT. 
Furthermore, by including this external partner, the evaluation of the value of cooperation for 
subsets of terminal operating companies without OCT is enabled. 

Also on the port side a scope will be defined. There are many port terminals in the Port of 
Rotterdam. These locations are all illustrated in Appendix B. In this project is chosen to focus on 
a few port locations, namely the Euromax, the ECT Delta terminals and the APM Terminals 
Rotterdam and finally the empty depots located on the Maasvlakte. This is decided based on the 
short term plans to bundle these volumes only, since it is easier to bundle the volumes that are 
destined to these terminals due to the larger volumes per year. Furthermore, the distance between 
the hub and these port terminals is largest. Therefore, the smaller barges of the satellite terminals 
save a larger part of their route than when the volumes destined to the port terminals located 
closer to the inland terminals are bundled.  
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Furthermore, the port of Antwerp is considered out of scope. However, it needs to be mentioned 
that it is likely that costs savings can be obtained when these volumes are bundled as well. These 
cost savings are expected to be large, since currently the volumes destined to Antwerp are mostly 
trucked for relatively high costs in comparison with barging. 

Finally, in this project it is decided to analyze the current network structure of Brabant 
Intermodal B.V. However the expected network changes need to be considered since these 
developments can change the way of cooperation and the incentives for the various partners to 
stay within this cooperation. One of the developments is the rail connection that is expected to 
be re-activated between BTT, ITV and RTE. This change will not be considered, since railing is 
considered out of scope. Furthermore, the waterway capacity between ITV and the port of 
Rotterdam will be increased to 100 TEU. Finally, a new terminal will be build; this new terminal 
is owned by BTT and is located closer to the port of Rotterdam. Larger barges can be used on 
this new connection. The tool that will be developed in this project enables the analysis of these 
changing factors on the value of cooperation. However, these effects will not be studied in this 
project. 

1.5 Thesis Outline 

The outline of this thesis is based on the research methodology used. To answer the research 
questions as formulated in Section 1.3.2, some steps are executed to which the various chapters 
are related. This research methodology is illustrated in Figure 4. 

This thesis starts with defining the benefits of cooperation qualitatively in Chapter 2. The 
findings presented in this chapter are based on the literature about intermodal barge transport, 
the literature about horizontal cooperation and discussions with company representatives. The 
chapter will be concluded by defining the scope of quantification and an introduction to the 
methods of quantification. Subsequently, in Chapter 3 the method used to quantify these selected 
benefits will be described. This method, a Mixed Integer Linear Program, is developed by using 
concepts of the operational research field. The model enables the determination of operational 
cost savings for each possible subset of terminal operating companies. These operational cost 
savings as well as the extra revenues obtained from cooperation are needed for defining the 
value. Since concepts of game theory are used for the allocation of this value among the partners 
of the cooperation, in Chapter 4 some basic concepts of game theory will be explained. 
Furthermore, in Chapter 4 the problem studied in this project will be formulated in game 
theoretic concepts and an allocation rule will be selected. In Chapter 5, the results will be 
analyzed based on the application of the methods developed in Chapter 3 and Chapter 4. Since 
some of the input parameters are stochastic, some of the results will be presented based on a 
scenario analysis. Finally, in Chapter 6 the conclusions of this project, the recommendations for 
Brabant Intermodal B.V. and the recommendations for further research will be discussed. 

Chapter 2:

Qualitative Analysis 

of the Benefits of 

Cooperation

Chapter 3:

Method for 

Quantification of 

selected benefits.

Chapter 4:

Method for 

Allocation of the 

quantified benefits.

Choice Benefits
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 Benefit Allocation 
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MIPL - 
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Analyzing the Results
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Cooperations
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Barge Transport

Chapter 6

Conclusions & 

Recommendations

Method for 

Determination Extra 
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Figure 4: The research methodology with the used scientific research fields and the corresponding chapters in which 
the various activities will be discussed. 
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2 Benefits of  Cooperation 
For ensuring the sustainability of this cooperation between terminal operating companies 
(TOCs), first it is important to give insights in the collective benefits that can be obtained from 
cooperation. Therefore, in this chapter the first research question will be answered by 
summarizing the benefits of cooperation in a qualitative way in Section 2.1. Subsequently, in 
Section 2.2 the scope of quantification of these benefits will be described. Finally, in Section 2.3 
the way of quantification of these benefits will be introduced.  

2.1 Benefits 

Based on the goals of this cooperation, as stated in Chapter 1, three categories of expected 
benefits of cooperation can be defined. The categories with its corresponding benefits are 
summarized in Table 5. The benefits are derived from discussions with representatives of 
Brabant Intermodal B.V. and the findings of the literature review. These benefits will be 
discussed in the next subsections in more detail. 

Table 5: A summary of the benefits of Brabant Intermodal B.V. 

Optimizing Inland Transport Improving Service and Quality Improving the Market Position 

Reducing the operational costs. Improving the reliability. Competitive advantage with regard to 
truck transport; modal shift. 

Reducing the external costs. Increasing the frequency. Scale advantage: sea terminals, 
government, Province of North 
Brabant and shipping lines. 

Procurement advantages. Learning and Internalization of 
knowledge. 

 

2.1.1 Optimizing Inland Transport 

The first category of benefits „optimizing inland transport‟ is composed of three benefits; (a) reducing 
the operational costs, (b) reducing the external costs and (c) getting procurement advantages.  

2.1.1.1 Reducing the Operational Costs 

To stay competitive, besides improving the service by increasing the reliability, a reduction in 
costs is desirable. Cost savings can be obtained from an efficient re-use of containers and the 
bundling of freight. These concepts will be discussed in this section. 

Re-use of Containers 
As common in the container shipping industry, also the terminals of Brabant Intermodal B.V. 
face high costs with regard to empty container movements. These empty movements do not 
directly contribute to the profits of an organization, but are essential to its continuing operations. 
In the situation without cooperation individual terminals can re-use only the containers they 
handled themselves. In the situation of cooperation they can re-use containers of other terminals 
as well. This will increase the probability to find a match between an import container and an 
export container, since the container type and moment of availability is critical. The efficiency of 
the empty container re-use within a cooperation stands or falls with the level of cooperation 
between the inland terminals. When they cooperate intensively and share the required 
information, the re-use can be really profitable. This profitability is resembled in the cost savings 
that can be obtained by savings on transportation distances. However when there is a lack in 
information sharing, an impediment in many cooperations (Cruijssen, 2007), the efficiency can be 
very limited. 

Bundling of Freight 
By cooperating within a hub-and-spoke network, the terminals can reduce their transportation 
costs by the bundling of freight in two ways. First, the bundling of freight can result in less but 
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larger and better utilized barges between the hub terminal and the port terminals. The costs per 
TEU capacity is less for larger barges than for smaller barges due to the non-linear relationship 
between the fixed costs of a barge and the barge size and between the fuel consumption and the 
barge size. In this regard the costs involved for transport between the hub and the port decreases. 
Secondly, as a consequence of the bundling of freight, the distance that needs to be travelled by 
the satellite terminal decreases. As a consequence of this decrease of distance and the 
corresponding reduction in barging times, the most cost-efficient barges can make more trips in 
their available time. Hence, the same volume can be transported with fewer barges. This means 
that savings can be obtained by reducing the number of barges rented and by using the more 
cost-efficient barges more often. 

2.1.1.2 Reducing the External Costs 

Environmental issues become more and more important in all kind of industries. Also intermodal 
transport has a certain impact on the environment, called the external costs of transportation. 
These external costs are composed of accidents, noise, emission, congestion, infrastructure, 
pressure on public space and soil and water pollution (Van Rooy, 2010). Cooperation can for 
example influence these external costs by an efficient re-use of containers resulting in a decrease 
of the number of trips, enabling a higher utilization rate of barges resulting in a decreased 
number of trips, and a shift from trucking to barging resulting in less congestion on the roads.  

2.1.1.3 Procurement Advantages 

Finally, one of the benefits of cooperation is the advantage that can be obtained through joint 
purchasing. In the case of Brabant Intermodal B.V. joint purchasing advantages are for example 
gained by the joint fuel procurement and the joint procurement of tires for the reach stackers. By 
joint purchasing, economies of scale can be achieved. 

2.1.2 Improving Service and Quality 

The second category, „improving service and quality‟, is composed of three benefits; (a) improving the 
reliability, (b) increasing the frequency of transport and (c) learning and internalization of 
knowledge.  

2.1.2.1 Improving the Reliability 

One of the most important benefits within Brabant Intermodal B.V. is the increased reliability 
that can be achieved and the corresponding modal shift that can be realized by cooperation. The 
waiting times in the port of Rotterdam are detrimental for realizing a reliable inland barge 
transport connection. As a consequence of the large growth of container transport volumes in 
the last years, structural problems arose in the handling of these large volumes in the port of 
Rotterdam. These problems are for example reflected in the longer waiting times for inland 
barges in the port of Rotterdam. Since the sea vessels have priority above the inland barges, 
waiting time for barges up to 48 hours are no exception (Notteboom and Rodrigue, 2009). This 
unreliability in the port complicates the barge planning process and increases the throughput 
times of barging. Besides, it forces customers of the terminals to order a truck transport instead 
of an intermodal transport, since trucking gives more certainty for a timely delivery and has a 
shorter throughput time. Within Brabant Intermodal B.V. the various terminal cooperate to deal 
with this external factor through two mechanisms. 

By cooperating, especially within a hub-and-spoke network, there are opportunities to reduce the 
average number of calls in a barge rotation and increase the average call size. This makes the 
planning at the port terminals less complex, reduces the average waiting times at the port terminal 
and finally makes inland barge transport more reliable. Besides, by cooperating the inland 
terminals have a stronger position in their negotiation with the terminal operating companies at 
the port of Rotterdam, enabling the agreements on fixed time windows. A fixed time window 



 

13 

 

means that a certain amount of quay capacity is reserved for one specific barge for a specific time 
period (Van Rooy, 2010). For getting fixed time windows at the port terminals, for example a 
certain amount of handlings per week needs to be assured, which mostly requires a larger volume 
than can be assured by each individual terminal. Furthermore, the market position of the 
terminals can influence these negotiations. This will be discussed further in Section 2.1.3.2. These 
agreements on fixed time windows give priority to inland barges and consequently reduce the 
average waiting times and increase the reliability of barge transport.  

Hence, by delivering a more reliable service the inland terminals can achieve an intern modal shift 
from trucking to barging. This is resembled by a reduction in the number of rush orders. Rush 
orders are defined in this project as orders from the customer to truck goods between the port 
and the customer instead of using intermodal barge transport. This request is based on the 
shorter throughput times and more certainty for a timely delivery.  

2.1.2.2 Increasing the Frequency 

Another advantage of cooperation is that the frequency of service can be increased for the 
customers. Due to the larger barges between the hub and the port, the shorter distance that needs 
to be traveled by the inland terminals and the shorter waiting times, the frequency of service can 
be increased. This higher frequency is beneficial for the customer, as it can reduce the deviation 
of the desired departure time from the available departure time and increases the choice for 
possible departure times. This can subsequently result in a modal shift as it makes barging a more 
attractive transport mode. However, it needs to be mentioned that when the frequency of service 
is increased for the customers, that the savings that can be obtained by reducing the number of 
barges rented and by using the more cost-efficient barges more often (as mentioned in Section 
2.1.1.1) is negated. 

2.1.2.3 Learning and Internalization of Knowledge 

One of the „soft‟ benefits that can be obtained by cooperating is related to learning and 
internalization of knowledge. For example, within this cooperation the various planners can learn 
from each other about best practices for planning. 

2.1.3 Improving the Market Position 

The third category, „improving the market position, is composed of two benefits; (a) realizing a modal 
shift, (b) achieving scale advantages.  

2.1.3.1 Modal Shift 

This first benefit in the category of improving the market position is related to the market 
position of inland terminals in comparison to road hauliers. Truck transport has the advantage 
over barge transport to have a shorter throughput time and more certainty for a timely delivery. 
Since the throughput time of barging cannot be improved drastically, improving the market 
position of intermodal barge transport requires the delivery of a more reliable service. By offering 
a more reliable service, as a consequence of cooperation, it is expected that the total demand of 
inland terminals will increase. 

2.1.3.2 Scale Advantages 

Another benefit in this category is that the market position in relation to third parties will be 
improved. For example, the relationship with TOCs in the port of Rotterdam can be improved. 
Currently, the power of TOCs in the port of Rotterdam is relatively high in comparison to the 
individual TOCs of Brabant Intermodal B.V. This is for example reflected by the vision called 
„haven 2020‟, which implies that it is not desirable anymore that inland operators deliver small 
container volumes to the large port terminals as this will disrupt the terminal operations (De 
Kramer, 2010). By cooperating in a hub-and-spoke network of bundling, Brabant Intermodal 



 

14 

 

B.V. can response to this vision and expects to be able to set up a vertical collaboration with 
these parties in which joint goals can be formulated with regard to reliability and new network 
developments. Furthermore, a better relationship with TOCs in the port of Rotterdam or even 
cooperation with those TOCs, increases the possibility for getting fixed time windows at the port 
terminals. Secondly, the Province of Noord-Brabant has an interest in these kinds of 
cooperations, since this cooperation contributes to the establishment of a more efficient and 
reliable inland connection which increases the attractiveness for industries to settle in the 
province Noord-Brabant. Thirdly, the Dutch Government has interest in this kind of 
developments. One of their proposed new rules and laws states that after 2013 truck transport to 
the port of Rotterdam needs to be executed using environmentally friendly trucks. However it is 
likely that not all trucking companies can fulfill this requirement resulting in an increased 
attractiveness of barge transport. Finally, cooperating TOCs can profit from a better relationship 
with shipping lines. In practice, besides the information-sharing impediment of re-using 
containers, another impediment of re-using containers is the costing mechanism that is used by 
shipping lines. This costing mechanism is used to control their container fleet, the merchant 
container flow and the container stock at empty depots. Due to the current cost mechanisms of 
shipping lines, the empty container re-use is impeded as the benefits from empty container re-use 
are often all allocated to the shipping lines. For more information about the cost mechanism of 
the shipping lines, the reader is referred to Appendix C. By cooperating, the negotiation position 
of the four terminals in relation to the shipping lines can be improved. This may result in empty 
depot agreements, which means that they define a location where the empty containers can be 
stored to enable the exchange of empty containers between the different terminals, without the 
incurrence of fees on short terms. This better relationship will finally have a positive effect on the 
reduction of the operational costs, since the re-use of containers can be increased. 

2.2 Scope of Benefits 

Due to the time constraints of this project, a scope for the quantification of benefits needs to be 
defined. Therefore, in this project it is decided to focus on one of the main benefits of 
cooperation, namely the reduction in operational costs as a consequence of the efficient bundling 
of freight in a hub-and-spoke network (Section 2.1.1.1). This scope is chosen since it is expected 
that this bundling can result in large benefits and the insights in the optimal amount of bundling 
and the corresponding value are limited.  
 
Furthermore, benefits can be obtained from a better reliability with regard to handling at the port 
terminals of Rotterdam. As this reliability improvement is mentioned as one of the most 
important benefits of cooperation, the quantifiable and major effects of the reliability 
improvements will be quantified as well. The reliability effects included in this project are: 

- Volume growth as a consequence of offering a more reliable product (See: Modal Shift, 
Market position). 

- Reduction in the number of rush orders as a consequence of offering a more reliable 
product (See: Improving the reliability, Improving Service and Quality). 

- Reduction in the waiting times at the port as a consequence of fixed time window 
agreements (See: Improving the reliability, Improving Service and Quality). 

 It needs to be noted that in this effect only the shortened throughput time 
and its effect on the possible number of trips per year of a barge is 
included. Hence, the effect on the planning process is considered out of 
scope. 
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2.3 Quantification of the Benefits 

The benefits of cooperation, as are selected in Section 2.2 for quantification, will influence the 
operational costs as well as the revenues of the cooperating terminals.  Therefore, a method for 
quantification of both aspects of the value of cooperation will be introduced in this section. 

To determine the influence of cooperation on the operational costs, first a selection of the 
relevant costs is made. These relevant costs are defined as the costs that are subjected to change 
under cooperation. This means that the barging costs, the trucking costs and the handling costs 
are included. The fixed costs for terminals, the costs for executing additional services (like 
stripping, stuffing and degassing), the costs for storage and the costs for containers are 
considered out of scope. In this report is referred to these relevant operational costs as 
operational costs. To determine the minimal operational costs for the situation with cooperation 
and the situation without cooperation, a Mixed Integer Linear Program (MILP) is formulated. 
The details of this model are given in Chapter 3. By comparing the minimal operational costs for 
the individual operating terminals with the minimal operational costs of a cooperation, the 
operational cost savings can be determined. 

A change in the volume and a shift from rush orders to intermodal barge orders will also change 
the revenues of the cooperating terminals. Therefore, a way for quantifying this change in 
revenues needs to be defined. The revenues can be calculated by multiplying the intermodal 
transport orders with an intermodal transport tariff and the rush orders with a truck tariff. This 
requires that the volumes in TEU that are intermodal transport orders and that are rush orders 
are first expressed in numbers of containers. This can be done by applying the TEUF factor2. 
Subsequently, the number of 40ft containers and 20ft containers can be determined. These 
numbers can be multiplied by the tariffs for 20ft and 40ft containers. By comparing the sum of 
the revenues for the individual operating terminals with the revenues when cooperating, the 
change in revenues can be determined. This calculation does not require extra methods or 
explanation and is not included in Chapter 3.  

In conclusion, in this project the benefit of cooperation is defined as the sum of the operational 
cost savings and the extra revenues obtained from the bundling of freight and an increased 
reliability at the port terminals. Thereby, it needs to be mentioned that although the value is 
defined in terms of savings and extras, the operational cost savings as well as the extra revenues 
can also be negative.  In Chapter 3, the model used for determining the minimal operational costs 
is given. By taking a game theoretic approach for dividing the value among the partners (as will 
be discussed in Chapter 4), it is required to define a value for each possible subset of cooperating 
terminal operating companies. Therefore, the model defined in Chapter 3 enables the calculation 
of the minimal operational costs for each possible subset of cooperating terminal operating 
companies. 

                                                
2 The TEUF factor can be used to derive the number of containers from a given volume in TEU. 
Therefore, it is based on the percentage of the total containers that are 40ft and the percentage of 
containers that are 20ft containers. A calculation that can be used to determine TEUF is: 

# 40  containers # 20  containers
2 * 1 *

# 20 # 40  containers # 20 # 40  containers

ft ft
TEUF

ft ft ft ft

 

 

 = percentage of 40ft containers + 1. 
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3 Operational Costs Model 
In this chapter, the model used for determining the operational costs for each possible subset of 
terminal operating companies will be defined. Therefore, Section 3.1 will introduce the network 
model and the corresponding paths that can be chosen. Section 3.2 will introduce the method 
used for determining the costs corresponding to an optimal choice of transport during one year, 
the assumptions made for modeling this problem and the software used. After this introduction 
of the model, in Section 3.3 the model will be described in more detail. The standard procedure 
of verification and validation of the model will be discussed in Section 3.4. Finally, output of the 
model will be discussed in Section 3.5. 

3.1 The Network Model 

As is stated in Chapter 1, terminal operating companies deliver a transport service between their 
customers and port terminals, provide terminal handling activities and manage the container 
flows on the terminals. In this section, the network design and the possibilities for transporting 
goods within this network will be discussed.  

The network design formulation can be defined on a graph containing nodes and links. The 
nodes represent the locations that are connected to each other. The network is composed of 
three satellite terminals (t) namely ITV, ROCW and BTT, one hub terminal (h) OCT and an 
external hub terminal (x). The locations are connected directly and indirectly in a hub-and-spoke 
network to the port terminals (p) Euromax/Delta, APMT and Empty Depots. The flow that 
needs to be transported over the various links is given by Dtp,S and DOp,S. 

This network design and the possible transport modes (trucking and barging) give the terminal 
operating companies a variety of possibilities for transporting the goods between the inland 
terminals and the port terminals. When operating individually, terminals can choose to transport 
a container directly to the port terminals by barge or by truck. When cooperating, these 
possibilities are extended by transporting by barge or by truck indirectly via an internal or external 
hub, from where it will be transported by barge between the hub terminal and the port terminal. 
In this project is referred to the possible links as the paths that can be chosen. Six possible paths 
can be defined for transporting, namely: 

Direct per Barge: A (satellite) terminal transports a container by barge between the (satellite) 
terminal and a port terminal. 

Indirect per Barge: A satellite terminal transports a container by barge between the satellite 
terminal and a hub terminal and the hub terminal transports the container by barge between the 
hub terminal and the port terminal. 

Direct per Truck: A (satellite) terminal transports a container by truck between a customer and a 
port terminal. 

Indirect per Truck: A satellite terminal transports a container by truck between the customer and 
a hub terminal, and a hub terminal transports the container per barge between the hub and the 
port terminal. 

Indirect per Barge via External Partner: A satellite terminal transports a container by barge 
between the satellite terminal and an external hub terminal and the external hub terminal 
transports the container by barge between the external hub terminal and a port terminal. 
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Indirect per Truck via External Partner: A satellite terminal transports a container by truck 
between the satellite terminal and an external hub terminal and the external hub terminal 
transports the container by barge between the external hub terminal and a port terminal. 

Besides those six paths above, two more paths could be defined. The path in which transport 
between the satellite terminal and the hub terminal as well as transport between the hub terminal 
and the port terminals takes place by truck and the path in which transport between the satellite 
terminal and the hub terminal takes place by barge and the transport between the hub terminal 
and the port terminal takes place by truck. These two paths are not included in the model, since 
they are not desirable in practice. 

The network design and the paths included in the model are illustrated in Appendix D. The costs 
involved for delivering service to the customer depend on the paths that are chosen. The goal of 
the model is to minimize the costs of transport for a subset of cooperating TOCs by choosing 
the optimal paths for transport.  

3.2 Mixed Integer Linear Programming Model 

Mixed Integer Linear Programming (MILP) is a mathematical method for determining a way to 
achieve an optimal outcome (for example minimum costs or maximum profits). In contrast to a 
Linear Program (LP) in which only real variables are possible, a MILP allows integer and binary 
variables. Just like a LP, a MILP is mostly composed of four parts, namely an objective function, 
decision variables, problem constraints and variable bounds. In Section 3.3 the model will be 
described based on these components. But first, in Section 3.2.1 the assumptions made for 
modeling will be defined and in Section 3.2.2 the software used for solving the MILP will be 
introduced.  

3.2.1 Assumptions 

To model this problem, a few assumptions are made. These assumptions are given below: 

 It is assumed that it is not possible to truck volumes of the satellite terminals between 
hub terminals and the port. Hence, when something is transported via a hub, the 
transport between the hub and the port always takes place by barge.  

 It is assumed that the various barges are owned by the various terminals and that each 
terminal can use its barges only on its links to the port or hub. This means for example 
that the barges of ITV can only be used on the connection between ITV and the port or 
between ITV and a hub. 

 It is assumed that the decision variables regarding the number of trips that are made on a 
link need not to be integers.  

 It is assumed that the decision variables regarding the volumes that are transported on a 
link need not to be integers. 

 It is assumed that the variable costs for trucking per kilometer and per hour are equal for 
all terminals.   

 When a container is transported either directly or indirectly per truck, no intermediate 
handling at a satellite terminal is needed. However, indirect trucking requires a handling at 
the hub terminal. 

 It is assumed that the transportation is executed using standard 20ft and standard 40ft 
containers only. It is assumed that 80% of all containers transported are 40ft. 
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 It is assumed that the average delay of trucking between a terminal and its customer is 
zero.  

 It is assumed that when a barge is rented on an agreement per trip that it needs to be used 
for 10% of its total available capacity.  

 The own volumes of the external partner that needs to be transported are considered out 
of scope, since they do not influence the costs of the partners within Brabant Intermodal 
B.V. 

 It is assumed that the handling capacity at the external partner is infinite.  

 The internal (OCT) and the external hub transport to all port locations.  

Since the minimal operational costs need to be determined for all possible subsets of cooperating 
terminal companies, additionally some assumptions need to be made for the network structure of 
the various subsets. For now, the following assumptions are made regarding the various subsets 
of cooperating TOCs and their possibilities for transporting via hubs (see Appendix F): 

 For the cooperation between the four players (ITV, ROCW, BTT and OCT) and all other 
subsets with OCT it is assumed that there are two hubs, OCT and an external hub.  

 For the two-player and three-player subsets of TOCs without OCT there is only an 
external hub.  

 For the single-player subsets it is assumed that there is no hub, since the possibilities to 
find an external partner for transporting the goods are limited when the terminal 
operating companies operate individually. 

A discussion of the reasonableness of these assumptions is given in Appendix E. From this 
discussion can be concluded that these assumptions are all based on practical issues and 
theoretical sources, and therefore seems to be reasonable. The effect of some assumptions which 
can have a relatively large impact on the final results will be discussed in Section 5.4.  

3.2.2 Software 

The model as defined in this chapter is implemented in AIMMS 3.10, this is optimization 
software for mathematical programming. The AIMMS model is provided with input parameters 
via Microsoft Office Excel 2007. This gives the possibility to change parameters in the model 
easily. The output is written to Excel, where it can be used for further calculations. 

3.3 The Model 

In this section the model will be described based on the components of a MILP: objective 
function, decision variables, parameters and constraints. 

3.3.1 Objective Function 

The objective of this model is minimizing the operational costs of a subset of cooperating 
terminal operating companies. Thereby, the operational costs are defined as discussed in Section 
2.3, as the costs that are subject to change when cooperating. 

In line with standard notation in game theory, the term coalition will be used in this model to 
refer to a subset of cooperating TOCs. This means that when a coalition is denoted by S and the 
set of terminal operating companies of Brabant Intermodal B.V. is denoted by N, it holds that

S N . Thereby, N = {1, 2, 3, O} (with n  1=ITV, 2=ROCW, 3=BTT and O=OCT). Within 

this set of TOCs, a set of satellite terminals T = {1, 2, 3} (with t  1=ITV, 2=ROCW, 3=BTT), 

and a set of internal hub terminals H = {O} (with h  O = OCT) can be distinguished. This 
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means that n can either be a satellite terminal (t) or a hub terminal (h). Furthermore, there is an 
external hub terminal denoted by M.  

The operational costs of a coalition ( S N ) is defined as OCS. Hence, the mathematical 

objective function of the MILP is: 

min  OCs  

The operational costs of a cooperation are composed of the operational costs (trucking, barging 
and handling) of the satellite terminals (t) and the hub terminals (h) that are partner of a coalition 
and the costs for these terminals of involving the external partner. 
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The symbols as used in the total operational cost function are explained in Table 6. 

Table 6: Definition of the symbols used in the Total Operational Cost function. 

,t S
BC  The direct barging costs of satellite terminal t under coalition S. 

, ,t O S
BC  The indirect barging costs via OCT of satellite terminal t under coalition S. 

, ,t M S
BC  The indirect barging costs via an external partner of satellite terminal t under coalition S. 

, ,t rent S
BC  The costs for satellite terminals for renting the barges per week under coalition S. 

,t S
TC  The direct trucking costs of satellite terminal t under coalition S. 

, ,t O S
TC  The indirect trucking costs via OCT of satellite terminal t under coalition S. 

, ,t M S
TC  The indirect trucking costs via an external partner of satellite terminal t under coalition S. 

,t S
STC  The trucking costs of satellite terminal t under coalition S for transporting the barging 

volumes from the customers to the terminal. 

,t S
HC  The handling costs of satellite terminal t under coalition S. 

,O S
BC  The direct barging costs of hub terminal OCT under coalition S. 

, ,O rent S
BC  The costs for hub terminal OCT for renting the barges per week under coalition S. 

,O S
TC  The direct trucking costs of hub terminal OCT under coalition S. 

,O S
STC  The trucking costs of hub terminal OCT under coalition S for transporting the barging 

volumes from the customers to the terminal. 

,O S
HC  The handling costs of hub terminal OCT under coalition S. 

,M S
EC  The external partner costs under coalition S. 

The formulas used to determine the values in the total cost function per terminal are defined in 
Appendix G. The costs for the individual terminals will be summed in the total cost function 
above over all terminals participating in coalition S.  

The structure of the cost functions will be discussed in this section. Thereby one of the formulas 
of each cost component will be given as an example. As the formulas for the various types of 
terminals (satellites, hubs and external partners) and links are only slightly different, these are 
given in Appendix G. 
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3.3.1.1 Barging Costs 

The costs for barging are composed of two components, the costs for renting a barge and the 
fuel costs.  

There exist two types of renting agreements, the renting agreements per week and the renting 
agreements per trip. The first type of agreement involves a contract for a whole year with a 
charged price per week, independent of the number of trips that is made within that week. 
Hence, when the number of trips of such a barge in a year is larger than zero, the price per week 
needs to be paid for the whole year. The second type of agreement, the agreements per trip, 
charges a price per trip. For these barges it matters whether a barge is used on a link to the port 
or on a link to a hub terminal. OCT and ROCW both have renting agreements per week for their 
barges, ITV and BTT have renting agreements per trip. 

Besides these costs for renting a barge, costs are involved for the fuel consumption. Some 
contracts include a component fuel costs. In these types of contracts, the fuel consumption is 
included until a certain limit of the fuel price. This means that when the fuel price is 500 euro/m3 
and the limit of the price is 300 euro/m3, 200 euro/m3 needs to be paid extra for each m3 fuel 
consumed on a trip. 

This results for example in the following cost functions for barging between a satellite terminal 
and a port terminal: 
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In the first cost function the number of trips of a barge on a link is multiplied by the barge price 
per trip of that barge on the specific link and the number of trips of a barge on a link is 
multiplied by the fuel consumption on that link times the fuel price minus the included 
component of the fuel price (xb). In these functions, it holds that for each barge either pb,tp=0 or 
pb,w = 0. 

In the second cost function, the renting costs for the barges with agreements per week are 
calculated. A binary variable yb is used to resemble whether a barge is used or not. 

In Table 26 of Appendix G, the cost functions related to barging costs are summarized; these 
costs functions are given in a modular way as how they are defined in the AIMMS program. This 
modular way of defining the costs makes it easier to check the formulas and the correctness of 
the model calculations. 

3.3.1.2 Trucking Costs 

Six trucking cost functions are defined (Table 27 of Appendix G). These cost functions are 
related to direct trucking, indirect trucking and short-haul trucking. The short-haul trucking costs 
are involved for trucking between a terminal t and its customers. These costs occur when 
something is either directly or indirectly barged to the terminal. When a container is transported 
indirectly by truck, the trucking between the customer and the hub terminal is seen as indirect 
trucking and not as a short-haulage. 

The formula for transporting between a customer and the port directly is: 
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In this formula a variable cost component per kilometer is multiplied by two times the distance 
between two locations. It is multiplied by two as it is assumed that there is no re-use. Hence, the 
route that needs to be travelled to transport one or two TEU is resembled by trucking from the 
port to the customer and a return to the port to bring the container back. The second component 
in these cost functions resembles the variable cost per hour. This variable cost component is 
multiplied by the sum of the travel time, the waiting time at the relevant locations and the average 
delay on the route between two locations. The travel time is determined by dividing two times 
the distance by the average speed on a route. The average speed will be set higher on a larger 
distance than on a smaller distance. The average delay, due to traffic jams, accidents and other 
external factors also depends on the distance that needs to be travelled. Finally, both costs 
components are multiplied by the number of trucking that is required. This number of trucking 
depends on the number of TEU transported per barge and the average amount of TEU 
transported on a truck. 

3.3.1.3 Handling Costs 

Another component of the operational costs are the handling costs. Based on Van Rooy (2010) 
the handling costs can be divided in three categories; the fixed, semi-fixed and variable costs. The 
fixed costs will not change when the number of handlings increases. The semi-fixed costs are 
costs that will increase when a certain handling volume is reached; it is a gradually increasing cost 
function. Finally, the variable costs part increases per extra handling. In this case, it is likely that 
an investment is needed when OCT is part of the coalition and the terminals transport via OCT. 
To deal with this cost, the semi-fixed cost cannot be assumed to be constant. It can be that an 
increase in handling volumes at these terminals requires extra FTE hours for the crane 
operations, extra FTE hours for planning and the extra coverage of fixed costs. In this model, 
these semi-fixed costs are included partly as fixed costs and partly as variable costs that are linear 
with the number of handlings. Only the variable costs of handling are included in the model, 
since the fixed costs of handling will not change as a consequence of cooperation. An overview 
of the fixed, semi-fixed and variable costs is given in Appendix H. 

The standard cost function for handling at a satellite terminal is (Table 28 of Appendix G): 
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The number of handlings at a satellite terminal is related to the volume that is transported per 
barge either directly or indirectly. The volume that is transported per barge needs to be divided 
by the TEUF factor and multiplied by two to determine the required number of handlings. The 
number of handlings at a satellite terminal depends on the volumes that are send from the 
satellite terminals either by barge or by truck and the own volumes of the hub terminal 
transported by barge.  

3.3.1.4 Costs of External Partner 

As discussed in Chapter 1, it is expected that terminals can transport via an external partner. This 
external partner charges a price for its service. This price is independent of the end destination in 
the port and includes the barging and the handling of the volumes. The price for handling is 
charged as a price per container handling and the price for barging as a price per TEU. 
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The formula used to determine the costs of the Brabant Intermodal partners is given below 
(Table 29 of Appendix G): 
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3.3.2 Decision Variables 

In Table 30 of Appendix G, the demand flow related decision variables are given. The model has 
eight types of demand flow related decision variables, since there are six possible paths for each 
satellite terminal and two possible paths for each hub terminal. Related to these demand flow 
related decision variables, the model has four types of decision variables regarding the number of 
trips that are made on the specific links (Table 31 of Appendix G). For the satellite terminals 
exists three possible barging paths on which needs to be decided about the number of trips of 
each barge (direct, indirect via OCT, indirect via external hub). Furthermore, the hub OCT has 
one connection on which needs to be decided about the number of trips of each barge. Finally, a 
binary type of decision variable is included, which resembles the decision of whether a barge is 
operated or not (Table 32 of Appendix G). This binary decision variable is needed for calculating 
the costs of the barges that are rented per week. 

3.3.3 Parameters 

A summary of all input parameters is given in Appendix G (Table 33 to Table 42).  

One category of input parameters is related to the demand information of each terminal (Table 
33). This demand depends on the coalition and its expected volume growth as a consequence of 
an improved reliability. Furthermore, it depends on the natural growth. The demand input 
parameters in the projected year are determined by increasing the demand of the reference year 
(2010) by the expected total demand growth. The other two parameters in this category are 
related to the percentages of rush orders. These percentages depend on the coalition in which is 
cooperated. The demand of the reference year 2010 is given in Appendix I. 

The other parameters are all related to the relevant costs that need to be determined. These can 
be divided in four categories: barging parameters, trucking parameters, handling parameters and 
external partner parameters. 

For the determination of the first category of relevant costs, the barging costs, a variety of 
parameters is needed. As is given in Section 3.3.1.1, the barging costs depend on the prices for 
barges per week, the prices for barges per trip, the fuel consumption per trip and the fuel prices. 
The definitions of these parameters are all given in Table 34 of Appendix G. The values of these 
parameters are based on a previous research by Van Rooy (2010), questionnaires filled in by the 
representatives of the various terminals and the company supervisors. The values are given in 
Appendix J. 

Furthermore, a decision variable is included in the cost function for barging, namely the number 
of trips of the barges on the various connections. This decision variable is influenced by the 
capacity, the operating time of barges per year, the maximum feasible utilization rates and the 
throughput time of barging. These parameters are all defined in Table 35 and Table 36 of 
Appendix G. A maximum feasible utilization rate of the barges needs to be set since the 
utilization rates of some terminals are restricted by exogenous factors. For example on one of the 
barges of ITV 28 TEU can be transported. However, part of this 28 TEU barge can only be filled 
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with 20ft containers. This often restricts ITV in obtaining its highest utilization rate. To take this 
practical restriction into account, it is assumed that the maximum utilization rate of 28 TEU is 
95%. ROCW has a capacity of 48 TEU for its barges, however due to the fact that a problem of 
imbalance often occurs when loading the third layer (16 TEU), it is assumed that these barges 
have a maximum utilization rate of 80 %. Finally, the higher bridges restrict OCT in times of high 
water. This means that they can maximally obtain an average utilization rate of 80 %.  

Also for the second category of relevant costs, the trucking costs, a variety of input parameters is 
needed as can be concluded from Section 3.3.1.2. For example, information is required on the 
variable costs per kilometer and the variable costs per hour. The values for these costs and the 
included cost components are given in Appendix K. For the determination of these costs, the 
reader is referred to Van Rooy (2010). For determining the costs based on these cost parameters, 
more information is needed about the distance, speed, waiting times and delays on the various 
routes. The definitions of these parameters are given in Table 37 and Table 38 of Appendix G. 
The values of these parameters are based on Van Rooy (2010) and route planning software.  

The third category includes all parameters that are needed for determining the handling costs. 
Therefore information is needed about the variable costs per handling and the handling capacity 
at OCT. The parameters are defined in Table 39 and Table 40. The values for these handling cost 
parameters are obtained from the various terminal representatives (Appendix L). Only the 
handling capacity of OCT is relevant. The handling capacities at the other terminals are not 
relevant, since these terminals have an excessive capacity which will not be exceeded by own 
volumes. In contrast, since the volumes of the satellite terminals can be transported via OCT, the 
maximum capacity at OCT can be reached. 

The fourth category of input parameters is related to the external partner. This external partner 
charges a price for its service. Two parameters are defined, the handling prices charged per 
container and the barging prices charged per TEU (Table 41 of Appendix G). The values for 
these parameters were given by the company supervisor and are given in Appendix M. 

3.3.4 Constraints  

All constraints included in this model are given and defined in Appendix G. As an example, two 
constraints will be discussed in this section. 

First of all, one type of constraint includes a binary variable. This constraint facilitates the 
calculation of costs for the barges that can be rented per week. This constraint for any barge b 
with a renting price per week is given by: 
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The binary variable, {0,1}by  , ensures that only costs are calculated for renting a barge, when 

this barge is actually used. In the above constraint, when yb = 1 the number of trips is restricted 
via the operating time of a barge. When yb =0, this barge cannot make any trip, since the sum of 
the number of trips multiplied by the throughput time needs to be smaller or equal to zero. This 
same yb is included in the objective function as is given in Section 3.3.1. When yb=1 renting costs 
are calculated, when yb =0 no costs will be calculated. 

Second of all, a constraint is included that controls that the number of trucking is equal to or 
larger than the number of rush orders. This is needed since all rush orders needs to be trucked 
due to time constraints. This restriction is mathematically formulated as: 
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On the left side, the decision variables of the number of trucking orders over all links to the port 
terminals are summed. On the right side, the percentage of rush orders is multiplied by the 
expected demand. By stating that the trucking volume needs to be equal to or larger than the 
percentage of rush orders times the demand, it is ensured that all rush orders are trucked. 

3.4 Verification and Validation 

This section will describe the validation and verification process of this model. A summary of the 
all tests is given in Appendix N. 

3.4.1 Verification 

Verification is concerned with the determination of whether the model is correctly implemented 
into a computer program. Hence, it examines whether the computerized model runs as intended. 
A model can be verified by (1) ensuring that the program, as written, accurately describes the 
model as designed, (2) ensuring that the program is properly mechanized on the computer and 
(3) ensuring that the program as mechanized runs as intended. There are two types of verification 
tests executed: tests for debugging the logic of the computer program and experiments for 
demonstrating the correctness of the numerical and data procedures carried out by the computer 
program (Gass, 1983).  

In the first category of tests, the model is written and debugged in modules and subprograms. 
This means that instead of modeling the entire program before debugging, a stepwise approach 
with interim debugging is used. Hence, first a simple program is written which is extended by 
adding subprograms and more levels of detail with intermediate testing. In the simple program, 
for example the external partner and some of the constraints were not included. This approach of 
testing facilitated the determination of the locations of errors.  

In the second category of tests, two methods are used for determining the correctness of the 
numerical and data procedures carried out by the computer program. The first method used is 
checking the outcomes of the costs manually. The modular structure, in which the cost functions 
are programmed in the model, facilitated the detection of errors and the determination of the 
location of errors. The second method used, is running the model under a variety of settings of 
input parameters, and checking whether the output is as expected. Thereby, first the „base‟ case is 
analyzed. It is for example checked whether the choices of the model are logical, by analyzing 
whether the priority that is given to the use of barges and the priority of one terminal of 
transporting via the hub over another terminal was reasonable.  

3.4.2 Validation 

Validation is concerned with determining whether a model is an accurate representation of the 
system. Based on Schellenberger (1974), Gass (1983) has defined a more general validation 
framework, which defines three types of validity namely technical validity, operational validity 
and dynamic validity. Technical validity looks at the overall correctness of the model by studying 
three effects; model validity, data validity and logical and mathematical validity. The operational 
validity subsequently attempts to assess the importance of errors found under technical validity. 
Finally the dynamic validity is concerned with determining whether the model will be maintained 
during its lifecycle. In this validation, only the technical validity of the model is relevant to 
discuss. 
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3.4.2.1 Technical Validity 

Technical validity is composed of three aspects, namely the model validity, data validity and 
logical and mathematical validity (Gass, 1983). These aspects will be discussed in this section. 

The first technical validity aspect, model validity, is ensured by defining a list with all 
assumptions, all decision variables and the relationships between those variables. This first 
definition of the model is checked and discussed with the company supervisor, who is familiar 
with the situation that is modeled. A technical validity related aspect discovered during the testing 
phase was that barges that were rented on an agreement per trip were sometimes used at a very 
low frequency per year. However, in practice, the renter requires a minimal number of trips per 
week when agreeing on a contract per year. Therefore, it is assumed that when a barge is rented it 
needs to be rented for more than a specific percentage of its available operating time. This is 
modeled by using a semi-continuous variable, which states that the used capacity of barges is 
either zero or larger than the minimum required percentage times the available operating time of 
the specific barge. Another aspect related to the technical validity was found in the costs of the 
external partner. Instead of the price charged per TEU for handling and barging, the handlings 
are charged per container and the barging costs are charged per TEU. Finally, it is considered 
unnecessary to define a priority rule for using the cooperating hub terminal before using the 
external hub partner. This is decided since it is always less attractive to transport via an external 
hub than via an internal hub due to the prices charged by external partners.  

The second technical validity aspect, data validity, concerns the raw data as well as the structured 
data. The raw data validity depends on the accuracy, the impartiality and the representativeness of 
the data (Gass, 1983). The accuracy of the data comprises the ability to correctly identify, obtain 
and measure what is required. This accuracy of data is one of the concerns, since some of the 
information is not known or available. For example, the relationship between reliability in the 
port and the expected demand growth, the expected percentage of rush orders and the waiting 
time at the port is unknown and needed to be estimated. To deal with this, a scenario analysis will 
be executed which will be discussed in more detail in Chapter 5. Besides the accuracy of the data 
the impartiality, the correctness of recording of the data, is important. This impartiality is ensured 
by checking the input in Excel with the company representative. Regarding the structured data 
validity, the unit consistency of calculations is tested. This means that for example is checked 
whether the required number of handlings at a terminal is calculated well, by comparing the units 
of the factors used to calculate the outcome with the unit of the outcome.  

The third technical validity aspect, the logical and mathematical validity, is tested by determining 
the correctness and accuracy of the mathematical and numerical calculations and the logical 
validity of the model. These aspects are closely related with the model verification, as is already 
discussed. Finally, it is tested whether none of the variables and relationships is omitted, by 
implementing monitoring cells in the output of Excel. These monitoring cells manually check, 
given the input in Excel, whether the output in Excel does not violate any of the constraints as 
defined in the MILP. It is for example checked whether all rush orders are trucked, the barge 
capacity is not exceeded and whether all demand is transported by the planned barging trips.  

3.5 Output of the Model 

Concluding, this MILP gives the ability to determine the minimal operating costs for each 
possible coalition over one year. A standard output is given in Appendix O. This output is 
composed of four elements: a summary of the changing input parameters, an overview of the 
volumes that should be transported over the various links, the optimal number of trips on the 
various links and the resulting costs.  
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4 Benefit Allocation Method 
Besides determining and quantifying the benefits of cooperation, another issue mentioned in the 
literature and defined as one of the problems within Brabant Intermodal B.V. is the division of 
these benefits. To ensure a sustainable cooperation, partners need to have insights in the 
collective benefits as well as in the individual benefits. In the literature two types of cost/benefit 
allocation methods can be distinguished. The „standard‟ allocation rules, also called the more 
traditional rules, and the rules based on cooperative games. The standard rules, like allocations 
proportional to the number of customers, the volumes handled and distances travelled, that are 
easy and transparent, would not necessarily create a sustainable cooperation (Cruijssen, 2007). 
Therefore, in this project is chosen to focus on cooperative game theoretic alternatives. For that 
reason, in this chapter first some cooperative game theory preliminaries will be defined in Section 
4.1. Subsequently, in Section 4.2 the case studied in this project will be defined in a formal game 
theoretic structure. This section will be concluded with the choice of an allocation rule in Section 
4.3. 

4.1 Cooperative Game Theory Preliminaries 

Cooperative game theory proposes a variety of concepts for the division of profits in a 
cooperative game with transferable utilities (TU). A game is only called a game with transferable 
utility when there is no restriction on the division of joint profits between the players. In this 
project, the focus is on how to divide the benefits of cooperation among the partners of this 
cooperation. Since there are no restrictions on this division, a TU game will be studied. 
Furthermore, a distinction can be made in two types of characteristic functions; the ones that are 
based on (common) costs and the ones that are based on values. Since this project focuses on the 
benefits that can be obtained from cooperation, a value game will be defined. 

A cooperative game is a pair (N,v), in which N={1,2,…n} denotes the set of players and v the 

characteristic function. A subset of N is called a coalition and is denoted by S(SN). The grand 

coalition refers to S=N. The characteristic function v assigns to every nonempty coalition SN a 

value v(S), with   0v   . Cooperative games derived from practical situations can fulfill nice 

properties. These properties are defined in Section 4.1.1.  

After the definition of the game, an interesting issue of how to distribute the value to each 

member of the cooperation is studied. Therefore in game theory an allocation vector
N  is 

defined, which specifies the payoff for each player if all players cooperate. The payoff is defined 
as the value that is allocated to a player. For determining the allocation vector, in the literature a 
variety of allocation rules are proposed. The allocation vector as well as the allocation rules can 
satisfy some nice properties. These properties of an allocation vector and two well-established 
allocation rules with their properties will be discussed in Section 4.1.2. 

4.1.1 Properties of a Game 

Cooperative games can satisfy a variety of properties. Based on these properties the structure of a 
game will be analyzed in this project. For a better understanding of these properties, the 
definitions will be discussed in this section. 

The monotonicity property states that when newcomers enter a coalition, the value of a coalition 
does not decrease (Frisk et al., 2010). This is an interesting property of a game, since it checks 
whether adding additional players to a coalition is valuable. The mathematical representation is: 

Coalitional game (N,v) is monotonic if for all ,S T N with S T it holds that 

( ) ( )v S v T . 
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Another property of a game is the zero-normalized property. This property states that individual 
players cannot obtain value by themselves. The zero-normalized property is mathematically 
represented as: 

 Coalitional game (N,v) is zero-normalized if for all i N it holds that    0.v i   

Furthermore, the additivity property checks whether cooperating players generate additional value. 
When a game is additive, it means that cooperation between players does not generate additional 
value. Related to this property is the superadditivity property which states that the value of two 
disjoint coalitions merged in one coalition is at least as much as the two separate values of the 
joined coalitions. These properties are mathematically represented by: 

 Coalitional game (N,v) is additive if for each S N it holds that   ( )
i S

v S v i


 . 

Coalitional game (N,v) is superadditive if for each ,S T N with 0S T  it holds that 

  ( ) ( )v S T v S v T   . 

Finally, the convexity property states that a player‟s marginal contribution does not decrease if the 
player joins a larger coalition. This is mathematically formulated as: 

Coalitional game (N,v) is convex if for each i N and for all  , \S T N i with S T it 

holds that          .v S i v S v T i v T      

4.1.2 Allocation Rules 

In Section 4.1.2.1 a selection of the properties that can be fulfilled by an allocation vector will be 
discussed. Subsequently, two well-established allocation rules with their properties will be 
discussed in Section 4.1.2.2. It needs to be noted that this selection of discussed properties is in 
line with the properties discussed in the literature of game theory applied in a transport and 
logistics context that were studied. However, the list of properties as defined in game theory is 
more extensive. After the definition of the selected properties, some allocation rules with its 
properties will be discussed in Section 4.1.2.2. 

4.1.2.1 Properties of an allocation vector  

Two concepts are defined which are related to the properties of an allocation vector, namely the 
core and the imputation set. These concepts will be discussed in this section.  

First of all, one of the restrictions of cooperation requires that the payoff for each player needs to 
be at least the payoff what he gets when operating alone, also called the individual rationality 
restriction. Furthermore, it needs to be the case that the total value is divided among the players 
of a coalition, also called the efficiency condition. The set of allocation vectors that satisfy these 
conditions is called the imputation set. Hence, the imputation set consists of allocation vectors that 
satisfy the following two conditions: 

Efficiency:   ( )i

i N

v N


  

Individual Rationality:      for all i v i i N    

Secondly, it is desirable that there is no coalition whose players together receive less than this 
coalition can obtain by itself, called the stability condition. This means that if the value of the 
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grand coalition is divided according to the stability condition that no coalition has an incentive to 
leave the grand coalition and form an own coalition. The set of allocation vectors satisfying the 
efficiency and the stability condition is called the core and the corresponding properties are: 

Efficiency:   ( )i

i N

v N


  

Stability:   ( ) for all .i

i S

v S S N


   

4.1.2.2 Allocation Rules 

In the studied literature on applications of game theory to horizontal cooperation in transport 
and logistics, a variety of allocation rules is discussed. Two well-established allocation rules are 
discussed in all of these studies, namely the Shapley value and the Nucleolus. This section will 
explain both concepts. For a definition of the other allocation rules that were found in the 
literature study the reader is referred to Appendix P. 

The Shapley value allocates to each participant its average marginal contribution, based on a 
complete random order of entering of participants (Frisk et al., 2010; Krajewska & Kopfer, 2008; 
Liu et al., 2010). By taking this average, all orders of entering are regarded as equally likely. The 
mathematical representation of this rule is given below: 

 
     

\{ }

! 1 !
( )  for all 

!
i

S N i

S n S
v v S i v S i N

n




 
     

 
The Nucleolus allocates to each player a payoff, resulting in a unique allocation vector x that 
lexicographically maximizes the satisfaction of the coalition. This means that for each coalition, a 

satisfaction is determined using the formula: S N ; ( , ) ( )i

i S

s S x x v S


  . Subsequently, the 

Nucleolus determines such an allocation that the smallest satisfaction is maximized. And hence, 
ensures that the least satisfied coalition is as satisfied as possible. The reader is referred to 
Appendix P for a more detailed explanation of this Nucleolus. 
 
Both rules have their advantages and their disadvantages. One of the main advantages of the 
Shapley value is that it satisfies some nice properties, namely the (1) efficiency property, the (2) 
symmetry property, the (3) zero-player property and the (4) additivity property. This means that by 
applying this rule it is ensured that (1) the total value obtained in the grand coalition is divided, 
(2) that players whose contribution is equal get the same payoff, (3) that players who contribute 
nothing get nothing and finally (4) that the payoffs are additive. These properties will be 
discussed in more detail below. The Shapley value is even more special, since it is the only 
allocation rule in game theory which satisfies all of these properties. One of the problems with 
the Shapley value is that it might not result in a core-element for specific games and hence can 
result in an allocation vector that does not satisfy the stability condition as mentioned in Section 
4.1.2.1. In this regard the Nucleolus has an advantage, since the Nucleolus will always result in a 
core-element if the core is non-empty (Schmeidler, 1969). Besides, the Nucleolus also satisfies the 
zero-player property and the symmetry property. One of the drawbacks of this rule is that it is 
relatively hard to calculate. In Section 4.3 an allocation rule for this project will be chosen. 
However, first the properties that can be fulfilled by the allocation rules as discussed above will 
be described in more detail. 

Besides the well studied concepts of the imputation set and the core, allocation rules can satisfy some 
nice properties. In line with the two well-established allocation rules, the Shapley value and the 
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Nucleolus, three commonly mentioned properties in the literature about game theory applied in a 
transport and logistics context are the additivity property, the symmetry property and the zero-player 
property. These properties are also called fairness properties by Krajewska and Kopfer (2008), 
since they ensure that similar players are treated equally. Below, a more detailed description of 
these properties is given. 

Additivity concerns situations in which the same set of players N cooperates in two different 
areas. If it holds that the possible value from cooperation in both areas is described by the 

addition of the value of the two separate games, ( )( ) ( ) ( ) for each v w S v S w S S N    , an 

additive rule allocates the value such that it holds that the payoffs to the players do not depend 
on whether the games are evaluated separately or jointly.  This is mathematically represented by: 

 , ( , ) ( , )N v w N v N w      

The symmetry property of an allocation rule ensures that two players who are identical get the 
same payoff. Two players are identical when the value of each possible coalition does not change 
when the symmetric players are exchanged. Hence when it holds that 

for all coalitions S N\{i,j}( ) ( )  v S i v S j    , the payoffs for these symmetric players need to 

be equal. This is mathematically formulated as: 

( , ) ( , )i jN v N v   

Finally, the zero-player property of an allocation rule, ensures that the payoff of a player whose 
presence does not influence the value of a coalition is zero. Hence, if it holds that 

( ) ( ) for all S Nv S i v S   , the payoff for player i will be zero. This is mathematically 

formulated as: 

( , ) 0i N v   

4.2 Definition of Cooperative Game 

After the discussion of some cooperative game theory preliminaries, in this section the case that 
is studied will be formulated in a formal game theoretic structure. 

4.2.1 Player Set and Coalitions 

As discussed in Chapter 1, this project focuses on a cooperation between four players; Inland 
Terminal Veghel B.V., Regionaal Overslag Centrum Waalwijk B.V., Barge Terminal Tilburg B.V. 
and Oosterhout Container Terminal B.V. This means that the set of players of this cooperative 

game can be defined as 4N   with N={1,2,3, }O with n  1=ITV, 2=ROCW, 3=BTT and 

O=OCT. The grand coalition is the coalition of all players. The analysis of subsets is required to 
enable the application of allocation rules to the grand coalition. Based on the four players in this 
cooperative game, the set of subsets of this game can be defined as 2N. This means that there 
exist 2|N|=16 coalitions. 

4.2.2 Characteristic Function 

As discussed, the value studied in this project is composed of the operational costs savings that 
can be obtained from the bundling of volumes plus the extra revenues obtained from 
cooperation. The characteristic function of this game is defined as: 
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The first part of this function gives the sum of the minimal operational costs (OCmin) of the 
individually operating terminals of coalition S. The minimal operational costs of the coalition are 
subtracted from this sum of individual operational costs, to determine the operational cost 
savings of the coalition. Both minimal operational costs are determined by using the MILP of 
Chapter 3. Finally, an extra revenue component is added to the cost savings. This is required due 
to the volume growth and the modal shift as a consequence of cooperating that is included in the 
calculation of the operational costs. This extra revenue is determined by subtracting the sum of 
the revenues for the terminals in the coalition without cooperation from the revenues in the 
situation with cooperation.  

By formulating the characteristic function in this way, the game is zero-normalized. This zero-
normalization is chosen since this project is focused on the benefits of cooperation. There are no 
benefits of cooperation in the single-player coalitions. Furthermore, the costs and revenues of 
operating individually are not interesting since not all costs are included in this model and not all 
volumes that are transported are included.  

4.3 Choice of an Allocation Rule 

Based on the literature study, the Shapley value is chosen as the most appropriate allocation rule 
for this context. This method is chosen because it is a well-established, single–valued allocation 
rule that is used in many applications of cooperative game theory in the literature. This method is 
often used since it is unique in satisfying the efficiency, additivity, zero-player and the symmetry 
property (Section 4.1.2.2). In this section the appropriateness of this allocation rule will be 
discussed concerning criteria formulated for the choice of an appropriate allocation rule for this 
project. These criteria are: 

1) Simplicity 
2) Fairness 
3) Stability 

The first criterion, simplicity, requires that the proposed allocation rule is easy to implement, easy 
to understand and applicable in this setting. With regard to the ease of implementation, the 
Shapley value has a major advantage in relation to the Nucleolus, since the former is only a 
“formula” which is easy to implement (Krajewska & Kopfer, 2008). Furthermore, the 
interpretation of the results is clear and more intuitive in case of the Shapley value. However, in 
comparison to the more traditional ways of allocating costs or profits like the proportional 
methods, the Shapley value is relatively more complex to understand. The simpler proportional 
rules are mostly less appealing since they do not take into account most of the marginal 
contributions (Amer et al., 2008). Besides that, as stated by Cruijssen (2007) these rules do not 
necessarily create a sustainable cooperation.   

The second criterion is related to the fairness of an allocation rule. This criterion is claimed in 
almost all allocation problems. What is perceived as a fair allocation depends on the context of 
the allocation problem. In this project, it is infeasible to formulate the most important (fairness) 
properties for this context and to formulate or adept an allocation rule based on these properties. 
However, after the choice of the Shapley value, it is important to consider whether the properties 
satisfied by this rule will be perceived as fair in this context. To recapitulate, by using the Shapley 
value it is ensured that (1) the total value obtained in the grand coalition is divided, (2) that 

                                                
3 This characteristic function can also be defined as:  min min( ) ( ) ( ) ( )

n S
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players whose contribution is equal get the same payoff, (3) that players who contribute nothing 
get nothing and finally (4) that the payoffs are additive. The first property, not specifically a 
fairness property, is an appealing property in almost all cases since it only ensures that all value 
obtained in the grand coalition is allocated. The third property seems obvious, since a player who 
adds no value to one of the benefits, should not get any payoffs in this context. Also the fourth 
property would be perceived as fair in this case, as in many more cases. Some concerns with 
respect to fairness of the second property, symmetry, exist. This symmetry property seems to be 
unrealistic in many applications that are modeled (Kalai & Samet, 1987). In a research by Kalai & 
Samet (1987) this concern is indicated by the use of an example. They consider a situation 
involving two players. If the two players cooperate in a joint project they can obtain gains that 
need to be divided between the two players. Since the Shapley value considers the situation as 
being symmetric, the gains are divided equally among the players. However, the possibility exists 
that one of the players need to exert greater effort for the project to succeed and hence deserves 
more incentives for its contribution. In relation to the fairness of the chosen allocation rule, it 
needs to be considered whether there is no value created by an asymmetric contribution of the 
players. This will be analyzed in more detail for the selected benefits in Section 5.2.2.1. 

Finally, to create a sustainable cooperation it is desirable that no coalition has an incentive to 
leave the grand coalition and form an own coalition. When an allocation vector is stable (the 
allocation vector is an element of the core of a game), there is no coalition whose players together 
receive less than this coalition can obtain by itself. In this way, the partners have no incentive to 
leave the grand coalition. It is a disadvantage of the Shapley value that it may result in an 
allocation rule that is not a core element. However, it can be checked whether the allocation 
vector is in the core, by studying whether the game has a non-empty core and subsequently 
whether the Shapley value results in a core-element. One of the methods to determine whether 
the core of a game is non-empty is by checking whether the balancedness conditions of a game 
are met. This method is based on Bondareva (1963) and Shapley (1967), who identified the class 
of games with a non-empty core as the class of the balanced games.  For more details about the 
balancedness concept and the specific balancedness criteria for a four-player game, the reader is 
referred to Appendix Q. If the game is convex, the Shapley value of a game is always a core 
element. If the game is not convex, the allocation vector based on the Shapley value needs to be 
tested on the stability condition as formulated in Section 4.1.2.1. The Shapley value of a game lies 
in the core when this condition is met. 

Based on the evaluation of these criteria, it can be concluded that the Shapley value is, except 
from some concerns about the symmetry property, an appropriate allocation rule for this setting. 
In Section 5.2.2.1, the symmetric contribution of the players to the selected benefits will be 
analyzed to test whether the application of the Shapley value to all of these benefits is appealing.  
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5 Numerical Analysis and Results 
Based on the methods for determining the value of cooperation, as defined in Chapter 3, and the 
concepts for determining the allocation of this value, as defined in Chapter 4, in this chapter the 
numerical analysis and its results will be described. Therefore, in Section 5.1 the numerical 
analysis design will be given. In Section 5.2 the results of an average case scenario will be 
discussed. Finally, in Section 5.3 the results of the scenario analysis will be presented.  

5.1 Data Collection and Analysis Design 

In this section, the data collection and the analysis method will be discussed. Therefore, in 
Section 5.1.1 the method of data collection will be discussed and the corresponding issue of 
deterministic and stochastic parameters. Subsequently, in Section 5.1.2 the analysis design will be 
discussed. Finally in Section 5.1.3, the parameter settings for the average case will be given. 

5.1.1 Data Collection  

To be able to use this model a variety of input parameters is required. As can be concluded from 
the model description in Appendix G, information is needed about barging, trucking and 
handling capacities, costs, operating times et cetera. This information is gathered from the field 
and a previous study by Van Rooy (2010). Since this project is executed commissioned by 
Brabant Intermodal B.V., the willingness to share sensitive information was present.  This 
facilitated an accurate representation of the various input parameters by asking questions during 
the meetings with company representatives, during the management team meetings and by asking 
them to fill in some questionnaires.   

Most of the input parameters are deterministic and are estimated by the various terminal 
operators. However four parameters are stochastic and deserve extra attention when executing 
the numerical analysis. The first parameter is related to the natural demand growth. Second of all, 
two of these parameters are related to the effect of reliability on the demand, namely the 
percentage of growth due to an improved reliability and the reduction in rush orders due to an 
improved reliability. Finally, the fourth parameter is related to the reduction of the waiting times 
in the port as a consequence of the agreements on fixed time windows.  

5.1.2 Analysis Design  

There are two categories of results; the quantification of the benefits and the allocation of the 
value. A two step approach is used for the analysis of these results, namely: 

1. Analyze an average case 
The first part of the analysis is focused on discussing the results of the average case. In this 
average case, the stochastic parameters are set on their expected value. Thereby, the expected 
value is the value of the parameter as is expected by company representatives or the value of the 
parameter as is expected based on literature. These expected values will be discussed in Section 
5.1.3. For this average case, the values for the various coalitions are determined by the use of the 
method as described in Chapter 3. The results of this average case will be analyzed first in Section 
5.2, by studying the structure of the game, checking whether it fulfills some nice properties and 
analyzing in more detail some remarkable values. Subsequently, the value will be divided based on 
the selected allocation rule (Chapter 4) and it will be checked whether the allocation vector is in 
the core (Section 4.1.2.1). Finally, the meaning of this allocation in practice will be discussed. For 
all of the results given in this report, it needs to be noted that although they are given with a high 
accuracy, this accuracy is questionable due to some more inaccurate input parameters and some 
assumptions. However, it is decided to give these values with this accuracy, since they are used 
for further calculations on the division of the value. 
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2. Scenario analysis 
Since some of the parameter settings in the average case are stochastic as discussed in Section 
5.1.1, a scenario analysis is executed. This is done by changing one by one the values of these 
parameters and by studying the effect on the value (operational cost savings + extra revenues) of 
cooperation as well as on the allocation of this value among the partners. Furthermore, the 
properties of the games and the properties of the allocation vectors are checked. The results of 
this scenario analysis are given in Section 5.3. 

5.1.3 The Average Case Settings 

In this section, the settings for the stochastic parameters in the various scenarios will be discussed 
and explained.  

5.1.3.1 The Expected Natural Growth 

Ecorys (2010) studied the expected growth for the container transport. In their study is stated 
that a light to a very sharply increase is expected for container transport by barge. Thereby, they 
assume two scenarios. One in which it is expected that the growth will be 3% per year until 2040 
(represented as the SE scenario). And another, more optimistic, in which they state that the 
growth will be 6 % per year until 2020 and from then on 4% until 2040. The trend line based on 
the historical information results in a scenario in between those scenarios. These scenarios are 
illustrated in Figure 5. Based on their verification of these expectations, they concluded that the 
future development will be above the trend line. This is concluded since a demand growth is 
expected due to the growing international trade and the repositioning of production to Asia. 
However, besides this change, some other developments need to be considered like; the modal 
split agreements for port terminals of Maasvlakte 2, the ever-increasing containerization of 
goods, the increase in costs for trucking due to the road pricing, more attention for sustainable 
developments within the logistic supply chains. 

 

 

Figure 5: The expected demand growth of container transport based on three scenarios. (Source; Ecorys based on CBS, 
CPB/DVS. 

Furthermore, they make a distinction in the expectations for the various regions. They state that 
the South of the Netherlands, including Noord-Brabant, expects a strong growth directed 
towards the GE scenario as given in Figure 5. Based on these findings, it is decided to assume an 
average growth for the next year of 5 %. 
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5.1.3.2 The expected increase due to a more reliable product 

Besides this natural growth, it is expected that the volumes of the partners within Brabant 
Intermodal B.V. grow as a consequence of a more reliable service that can be offered due to 
cooperation. The effects of cooperation on the reliability of the service and subsequently the 
effects of reliability of the product on demand are stochastic. Therefore, a reasonable estimation 
needs to be made for the expected growth. Based on discussions with company representatives it 
is decided to set this expected growth when cooperating in the grand coalition on 3% and 
without cooperation on 0%. To be able to use game theory, also expectations need to be made 
for cooperating in other coalitions. It is assumed that this growth is increasing, which means that 
the growth becomes relatively larger when the coalitions become larger. For the average case 
scenario, the percentages are set for the single-player, the two-player and the three-player 
coalitions respectively on 0, 0.5% and 1.5%. This growth is assumed to be equal for each terminal 
in the various coalitions. 

5.1.3.3 The expected percentage of rush orders 

Besides the growth of the volume, it is expected that a more reliable product decreases the 
number of rush orders. This is assumed since the customer will get more confidence in a timely 
delivery by intermodal transport. Also this effect is uncertain, since cooperating and bundling can 
have a negative as well as a positive effect on the number of rush orders due to the longer 
throughput time in contrast to a higher reliability that is expected. In all scenarios, the 
percentages of rush orders are assumed to remain equal to the current percentages for the single 
coalitions. This means for ITV, ROCW, BTT and OCT respectively 6%, 5%, 30% and 5%. 
Based on discussions with company representatives, it is decided to set the expected percentage 
of rush orders for the grand coalition below the current percentage of rush orders, which means 
respectively for ITV, ROCW, BTT and OCT at 3%, 2%, 24% and 2%. From these percentages 
can be concluded that the terminal with a high level of rush orders has a stronger percentage 
decrease, than the terminals with low levels of rush orders. Furthermore, for the various 
coalitions is assumed that the decline is increasing. Hence, a larger coalition has a relatively larger 
effect on the reduction of rush orders than the smaller coalitions. The percentages used in the 
average case scenario are given in Appendix R. 

5.1.3.4 The waiting times at the port terminals 

In accordance with Konings (2009) attention has to be shifted towards improving the quality of 
information exchange between actors, the introduction of fixed time windows and better route 
planning of terminal visits to reduce the waiting times at the port terminals. In accordance to Van 
Rooy (2010) the average waiting time at port terminals is related to the number of calls that is 
made in the port. This is resembled in Table 7, which represents the relationship between the 
number of terminal calls and the total waiting time in the port terminals of ECT cumulated for 
barges operating connections between the port and eight Dutch inland terminals. The first 
column in this table represents the number of terminal calls made during one rotation. In the 
second column the number of occurrences of the specific number of terminal calls during one 
rotation is summed up. The third column gives the accumulated waiting time in the port for the 
whole rotation, with in the fourth column a corresponding standard deviation. Finally, the 
average waiting time per call is given in the last column. Based on this table a weighted average 
waiting time per call is determined. This weighted average waiting time is equal to 2.1 hours. A 
critical note made on this calculation is that for calculating the values in the table below data was 
used of the year 2009. The trade volumes and the utilization rate of the port terminals were low 
during this year due to the economic crisis. Since the utilization rate in the port is increased, the 
waiting time is in the average case assumed to be 2.5 hours. Although the data in Table 7 are 
based on the port terminals of ECT, it is assumed that these waiting times are equal for the other 
terminals included in this project (Euromax, APMT and the Empty Depots). 
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Table 7: Average waiting times at the port terminals and the dependency on the number of terminal calls (Van Rooy, 
2010). 

 

The best way to reduce these waiting times is in accordance to inland terminal operators the use 
of fixed windows for barge handling at the port terminal. A fixed time window means that a 
certain amount of quay capacity is reserved for one specific barge for a specific time period (Van 
Rooy, 2010). Douma (2008) has proven that fixed time windows reduce waiting times in a 
cooperative environment. Since there is no information about the waiting time reduction under 
fixed time windows a reasonable assumption needs to be made. It is assumed that this average 
waiting time will become 0.5 hours. This is a relatively low, but feasible waiting time, since in a 
fixed time window it is agreed that the quay is always available at a specific time. However, it 
needs to be mentioned that this waiting time is only feasible under the assumption that the barges 
of the cooperation are always on time. This means that they are not earlier or later than the 
agreed time window. In practice, the throughput time of a barge is unpredictable and hence a 
barge can arrive later or earlier than the agreed time window, which can result in longer waiting 
times than assumed in this expected value.  

5.2 The Average Case Results 

In this section, the results that are obtained for the average case scenario will be discussed. First 
of all, in Section 5.2.1 the benefits will be quantified and the structure of the game will be 
analyzed. In Section 5.2.2 the allocation of the value of cooperation among the partners will be 
studied for the average case setting. 

5.2.1 Quantification of the Benefits 

The value of this cooperation can be divided in two components; the operational cost savings 
and the extra revenues. Thereby, it needs to be noted that although the value is defined in terms 
of savings and extras, the operational cost savings as well as the extra revenues can also be 
negative. The results for the average case are presented in Figure 6. This figure shows that the 
extra revenues have a considerable effect on the value of cooperation. This can be due to the 
volume growth that is expected as a consequence of the higher reliability obtained in the larger 
coalitions. 

 

Figure 6: The value (operational cost savings + extra revenues) for each possible coalition for the average case scenario 
(euro/year). 

To enable a detailed analysis of the two components of benefits, two value games are defined 
that will be considered separately. The results of the operational cost game are given in Table 8 
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and the results of the extra revenue game are given in Table 9. In Section 5.2.1.1 and in Section 
5.2.1.2, these games will be discussed in more detail. In Section 5.2.1.3 the total value game, 
which can be obtained by summing the two games is discussed. 

 

5.2.1.1 Operational Cost Savings Game 

In this section the operational costs savings game will be studied. There are some remarkable 
values in this operational cost savings game; these findings will be discussed below. First, the 
remarkable findings among the two-player coalitions will be discussed. Subsequently, the three- 
player coalitions will be analyzed and finally the grand coalition is discussed. 

Two-player coalitions 

1. A high value of the cooperation between ROCW and OCT: 

From the two-player coalitions, the coalition between ROCW and OCT has the highest 
value. This highest value can be attributed to the possibilities of decreasing the number of 
barges that is rented on an agreement per week at ROCW and the higher frequency of trips 
possible between the satellite terminal ROCW and the hub/port terminal with more cost-
efficient barges of ROCW. This reduces the barging costs of ROCW considerably, to 73% of 
the costs of barging when operating alone. Besides the trucking costs are reduced, the 
trucking costs under cooperation are 90% of the trucking costs of ROCW without 
cooperation. The trucking costs and the handling costs are both increased slightly, 
respectively with 1% and with 3% in comparison to the costs without cooperation. On the 
other side, the costs of OCT are slightly increased, due to the extra handlings required for the 
volumes of ROCW and the higher barging costs involved by changing the use of barges.   

2. The low value of the coalition ITV and OCT: 

From the analysis can be concluded that ITV has less cost savings for transporting a specific 
amount via the hub terminal OCT than BTT. When the same volume is transported via 
OCT, the costs savings of barging of ITV are 80% of the cost savings obtained by BTT. As 
can be seen in Table 8, the value of the coalition between ITV and OCT is only 4% of the 
value between BTT and OCT. This larger difference is created by the stronger decrease in 
truck transport for BTT than for ITV. As the savings of ITV on direct trucking are only 26% 
of the savings of BTT on direct trucking. In contrast, the costs for handling and trucking 

Table 8: Operational cost savings from cooperation. Table 9: Extra revenues from cooperation. 

Operational Cost Savings 

"ITV"  €                     -    

"ROCW"  €                     -    

"BTT"  €                     -    

"OCT"  €                     -    

"ITV-ROCW"  €     58,938.98  

"ITV-BTT"  €     31,348.14  

"ITV-OCT"  €       4,653.87  

“ROCW-BTT"  €     89,579.39  

"ROCW-OCT"  €   174,221.37  

"BTT-OCT"  €   116,687.54  
"ITV-ROCW-BTT"  €   146,412.35  

"ITV-ROCW-OCT”  €   249,611.67  

"ITV-BTT-OCT  €   199,802.06  

"ROCW-BTT-OCT"  €   359,831.29  

"ITV-ROCW-BTT-OCT"  €   846,762.96  

 

Extra Revenue 

“ITV"  €                     -    
"ROCW"  €                     -    

"BTT"  €                     -    

"OCT"  €                     -    

"ITV-ROCW"  €     38,290.28  

"ITV-BTT"  €     49,765.32  

"ITV-OCT”  €     59,241.39  

"ROCW-BTT"  €     47,862.58  

"ROCW-OCT"  €     57,338.65  

“BTT-OCT"  €     68,813.69  

“ITV-ROCW-BTT"  €   203,180.96  

"ITV-ROCW-OCT”  €   231,728.66  

"ITV-BTT-OCT”  €   265,801.34  

“ROCW-BTT-OCT"  €   260,053.52  

"ITV-ROCW-BTT-OCT"  €   637,338.37  
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increase slightly more for BTT than for ITV. Overall, the operational cost savings of ITV are 
69% of the operational cost savings of BTT. The increase in costs of cooperating partner 
OCT due to more handlings and higher barging volumes is equal for both coalitions, since 
they transport an equal amount via this hub. 

3. The value of the two-player coalitions without OCT: 

The values of the two-player coalitions without OCT result, except from all coalitions with 
ROCW, only from the reliability effects included in the model. The two-player coalitions with 
ROCW and without OCT resemble beside the effect of a higher reliability, a value of 
bundling at the external partner. The cost savings for ROCW of bundling at OCT are higher 
than the cost savings of bundling at the external partner. This is also indicated by the fact that 
ROCW transports in the grand coalition via OCT and not via the external partner. 

Three-Player Coalitions 

From the values of the three-player coalitions, first it can be concluded that these values are all 
higher than the values of the two-player coalitions. Hence, for these two-player (S) and three-

player coalitions (T) it holds that ( ) ( )v S v T , with S T . Furthermore, some remarkable 

findings are: 

1. The lowest value for the cooperation between ITV, ROCW and BTT: 

This lowest value can be attributed to the fact that there are no benefits from bundling at 
OCT. Therefore the savings on barging costs are minimal for the players. Only ROCW has 
some savings as a consequence of transporting via the external partner. 

2.   A high value of the cooperation between ROCW, BTT and OCT: 

The highest value of the three-player coalitions is obtained by the coalition between ROCW, 
BTT and OCT. This value can again be attributed to a more efficient use of barges at 
ROCW, the use of other barges with larger capacities at OCT, a more efficient use of barges 
of BTT and a reduction in the number of trucking orders.  

Grand Coalition 

The largest value is obtained in the grand coalition. This value is equal to 846,762.96 euro per 
year.  The value is achieved by the bundling of freight, the reduction in the number of rush 
orders and the reduction in waiting times. In contrast, the volume growth as a consequence of 
the reliability improvement has a negative effect on this value. The largest contribution to the 
positive value of the grand coalition in the operational cost savings game can be attributed to a 
reduction in the percentage of rush orders. This effect counts for a positive value of ''''''''''''''''' euro 
in comparison to the case without a reduction in rush orders. The waiting time reduction counts 
for a positive value of '''''''''''''''''' euro in comparison to the case without a reduction in waiting 
times. The positive values are opposed by a negative value of '''''''''''''''' euro from an increase in 
volume. Finally, value is achieved from the bundling of the freight. In the grand coalition, only 
BTT and ROCW transport via the hub. Thereby, it is again ensured that ROCW is not forced to 
use a third barge and hence transports a minimum amount via OCT. BTT uses the overcapacity 
of OCT that is not used by ROCW.  

5.2.1.2 Extra Revenues 

From studying the extra revenue game, it can be concluded that the extra revenues increase for 
larger coalitions. The value of these extra revenues depend on the volume increase and the shift 
from rush orders to intermodal barge transport orders. A shift from rush to intermodal transport 
orders has a negative effect on the revenues, since the tariffs for rush orders are higher than the 
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tariffs for intermodal transport orders. However, it needs to be noted that on the other side the 
operational costs will decrease when a shift from rush to intermodal barge transport takes place. 
There are some remarkable values in this extra revenue game; these findings will be discussed 
below. First, the remarkable findings among the two-player coalitions will be discussed. 
Subsequently, the three-player coalitions will be analyzed and finally the grand coalition is 
discussed. 

Two-player coalitions 

1. A high value of the cooperation between BTT and OCT 

First of all, it can be concluded that the cooperation between BTT and OCT has the highest extra 
revenues of all two-player coalitions. This can be explained by the fact that BTT and OCT are the 
two largest players and hence a percentage volume growth results in the largest absolute volume 
growth. The smallest value among the two-player coalitions is obtained by a coalition of the two 
smallest players, which can be explained in a similar way.  

Three-player coalitions: 

1. The highest value for the coalition between ITV, BTT and OCT 

When looking at the three-player coalitions, it is remarkable that the coalition between ITV, BTT 
and OCT has a higher value in comparison to the coalition between ROCW, BTT and OCT, 
despite of the sizes of the partners. This can be due to the fact that ROCW has a larger absolute 
decrease of the number of rush orders. Since the prices charged for rush orders are higher than 
the prices for intermodal transport orders, this larger absolute decrease has a negative effect on 
the extra revenues. However, this effect is counteracted by a decrease in the operational costs. 

Grand Coalition: 

The grand coalition has the highest extra revenues of all coalitions. This value is equal to 637,338. 
This value is more than two times the highest value of a three-player coalition (265,801 euro), 
which can be due to the assumed increasing function of growth due to an improved reliability 
when the coalitions become larger. The positive value of the extra revenue game can be fully 
attributed to this demand growth as a consequence of a reliability improvement. The positive 
value is opposed by a negative value from the reduction in rush orders.  

5.2.1.3 Total Value Game 

Based on the study of these two games separately, it can be concluded that the values in the two 
games are related. For example, the decreasing revenues as a consequence of a shift from rush to 
intermodal transport orders are related to a corresponding reduction in the operational costs. 
Due to this relation between the two games, it is decided to analyze the structure of the total 
value game (total value game = operational cost savings game + extra revenue game). The 
structure will be analyzed on the properties as are discussed in game theory (Section 4.1.1).  

The total value game is monotone, zero-normalized and superadditive. This means respectively 
that adding players to the cooperation is valuable, the players obtain no value when operating 
alone and that the value of two disjoint coalitions merged in one coalition is as least as much as 
the sum of the separate values of the joined coalitions. Furthermore, this game is convex. This 
convexity means that a player‟s marginal contribution does not decrease if the player joins a larger 
coalition. Furthermore, the convexity of this game implies that for this game the Shapley value 
will result in a core element.  

Finally, the properties in this total value game indicate that cooperating in the grand coalition is 
valuable. 
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5.2.2 Division of Benefits 

From the value game as described in Section 5.2.1 it can be concluded that the partners can 
obtain a significant value from cooperation. However when it is agreed to cooperate, the question 
becomes how to divide this value among the partners. In this section an allocation vector is 
proposed based on the Shapley value, as is discussed in Chapter 4. Based on the discussion about 
the symmetry property of this allocation rule and its practical application, a second rule will be 
defined for the allocation of the value of one of the benefits. More details about the second 
allocation rule will be discussed in Section 5.2.2.1. Furthermore, this section gives the allocation 
vectors resulting from both rules. In Section 5.2.2.2, the interpretation of the allocation vectors in 
practice is discussed. 

5.2.2.1 Allocation of the value 

The first method used for allocating the value of this cooperation is the Shapley value. The 
payoffs based on the Shapley value are given in Table 10. The determination of these payoffs is 
given in more detail in Appendix S. 

Table 10: Payoffs for the four partners in the average case scenario according to the Shapley value. 

 
ITV ROCW BTT OCT 

Payoffs  €       298,077   €         386,836  €         371,228   €         427,960  

Based on the contributions to the value in the various possible coalitions, the Shapley value 
allocates to each player a certain payoff. Table 10 shows that the highest payoff is allocated to 
OCT. Furthermore, it can be concluded that this allocation vector fulfills the properties: 
efficiency, individual rationality, stability, and hence lies in the core of the game. The tests used 
for checking the fulfillment of these criteria are given in Appendix T. 

As discussed in Section 4.3, one of the properties of the Shapley value that seems to be 
unrealistic in many applications is the symmetry property (Kalai & Samet, 1987). This is also a 
concern in the situation of this project. The Shapley value is applicable to three of the selected 
benefits (Section 2.2), since the value of these benefits is totally based on cooperation and there 
exist no underlying factors that make it unappealing to divide the value based on the symmetry 
property. However, for one of the benefits, the reduction in waiting times, some concerns exist 
about the fairness of applying the Shapley value because of the symmetry property. These 
concerns rise because of the existence of underlying drivers of this benefit and the contribution 
differences between the terminals to this value in the grand coalition.  It is assumed that the 
included benefit in the model „the reduction in waiting times‟ only exists for the grand coalition. 
Since this effect is only included for the grand coalition, the Shapley value will allocate the value 
for the grand coalition of this effect equally among the four players.  

In Table 11, the allocation in the average total value game is presented for the situation with 
reduction in waiting times and for the situation without reduction in waiting times. The 
difference in value can be fully attributed to a difference in operational cost savings, since the 
revenues will not change as a consequence of a reduction in the waiting times. From this table 
can be concluded that the Shapley value indeed allocates the value obtained from a reduction in 
the waiting times equally among the partners, as they all deserve a payoff of 89,650 euro. 

Table 11: Demonstration of the equal allocation of the value of waiting time reduction among the partners of the grand 
coalition in the average case scenario by the Shapley value. 

 ITV ROCW BTT OCT 

Payoffs Shapley value (with reduction of waiting times) 
 

€       298,077  €       386,836 €    371,228  €   427,960  

Payoffs Shapley value (without reduction of waiting) 
times) 

€       208,427  €       297,186  €    281,578 €   338,310  

Payoffs obtained from reduction waiting time. €         89,650 €         89,650 €      89,650 €     89,650 



 

40 

 

In line with the discussion in Section 4.3, it is questionable whether the equal allocation of this 
value among the partners of the cooperation is perceived as fair in practice. Therefore, in this 
section, the goal is to propose an alternative for this Shapley value. To come to a proposal for an 
alternative allocation rule, first three potential underlying factors of a division of this benefit will 
be discussed.  

The drivers  
This first factor refers to the criteria which hold for getting fixed time windows at the port 
terminals. With respect to these fixed time windows, a variety of drivers can be distinguished. 
First of all, since the aim of the port terminals is to reduce the number of barge calls in the port, 
the provision of fixed time window agreements is related to the number of terminals that 
cooperate. When more terminals cooperate, more bundling will take place resulting in less barge 
calls. Another driver for fixed time windows as mentioned in practice is the amount of handlings 
that can be assured and the certainty that can be given about a timely arrival of the barges.  
Finally, the negotiation position of the terminals plays a role in getting fixed time windows.  

The contribution to the value 
This second factor refers to the contribution that the individual terminals deliver to the value of 
this benefit. Based on the findings in this project it can be concluded that the value obtained 
from a waiting time reduction is mainly achieved by the use of more cost-efficient barges on the 
direct connections to the port at a higher frequency and more transport via the hub OCT because 
of the higher available capacity of the barges. Therefore, it can be concluded that the 
contribution of the partners to the value of a reduction in waiting times depends e.g. on the 
barging volume of the terminals. 

The effort  
Finally, the effort that needs to be exerted by the various terminals to be part of this coalition and 
function within these fixed time windows can be considered as a factor for the allocation of the 
value. It is expected that with an improvement of the reliability at the port terminals as a 
consequence of fixed time windows, less planning time is required since less re-planning and 
control is needed. On the other side, it is expected that the planning process becomes more 
complex for the terminals since they are less flexible in using their barges and need to arrange 
direct as well as indirect transport. Also, the planning process at the hub will become more 
complicated, since they need to handle a larger amount of containers. As the value of an increase 
or decrease of the number of FTE‟s and other planning issues or efforts are not included in 
valuing the benefit of a reduction in waiting times, this underlying factor is not considered for 
dividing the value of the benefits as studied in this project. 

Based on the discussion of these factors, it can be concluded that the drivers of getting fixed time 
windows and the contribution of the various terminals to the value are interesting factors for the 
allocation of this value. Although the Shapley value can be seen as an appealing rule for allocation 
of the value based on the statement that all terminals are needed for getting the fixed time 
windows, it is less appealing in the sense that also the volumes and negotiation powers are of 
importance for getting fixed time windows. Therefore an alternative allocation rule is proposed, 
based on Kalai and Samet (1987). They propose the weighted Shapley4 value as an alternative for 

                                                
4 In the literature about weighted Shapley values, a positively weighted Shapley value Фw is defined, as the unique linear value 
which assigns to each game according to the formula below a value. This formula is based on a unanimity game, which is a game 
in which a value of 1 can be obtained if (and only if) coalition S is equal to the grand coalition. The other coalitions, resembled by 
the expression; S is a proper subset of N, have a value of zero. 

0
( )

1

i

i n n

j

j N

S N
c u c u

S N








    







 



 

41 

 

dealing with non-symmetric contributions of partners in a cooperation. The proposed weighting 
factor is the barging volume of a terminal, this is chosen because of the fact that (1) terminals 
with larger barging volumes contribute more to the value, (2) size differences of partners are 
related to negotiation power and (3) one of the drivers of obtaining a fixed time window is the 
assurance of a certain amount of handlings. 

In Table 12, the allocation vector based on this second method is determined. This allocation is 
based on a combination of the Shapley value and a weighted Shapley value based on the barging 
volumes. To determine the weighting factor, the barging volumes for the average case scenario 
are determined in the first column. In the second column, these volumes are expressed in 
percentages of the barging volumes of the grand coalition. Based on these percentages, the value 
of € 358,600 from a reduction in the waiting time is divided among the partners. This results in 
the allocation as is given in the third column. Subsequently, the allocation for the other benefits is 
determined by using the Shapley value (column 4). Finally, the result (sum of column 3 and 
column 4) of this allocation rule is given in the fifth column.  

Table 12: Calculation for the Shapley /Weighted Shapley value. 

 Barging 
Volumes 
(TEU/year) 

Percentage of  
Total Barging 
Volume 

Weighted Shapley 
value payoffs  of 
the waiting time 
reduction value 

Shapley value 
payoffs of the value 
without reduction 
waiting times 

Final payoffs 
(Shapley /Weighted 
Shapley value) 

ITV '''''''''''''''' 14,41% € 51.660  €       208,427 € 260,087 

ROCW '''''''''''''''' 18,45% € 66.167  €       297,186 € 363,353 

BTT '''''''''''''''' 25,48% € 91.370  €       281,578 € 372,948 

OCT '''''''''''''''' 41,66% € 149.402  €       338,310 € 487,712 

Also this allocation vector is efficient, individual rational, stable and hence lies in the core of the 
game. Based on these findings, both allocation rules will be analyzed in the upcoming sections. 
There is referred to the first allocation rule as the Shapley value and to the second allocation rule 
as the Shapley/Weighted Shapley value. 

5.2.2.2 Practical Application of the Results 

The payoffs as given in Section 5.2.2.1 resemble the value that the various partners deserve based 
on the allocation rules. These values are referred to as the final payoffs. However, in practice the 
value of cooperation is already divided over the various partners of the cooperation. This can be 
either by changes in the operational costs or by changes in their revenues. To this division will be 
referred as the initial division. Since some of the partners have a higher initial division and others 
have a lower initial division than the final payoffs based on the allocation rules, side-payments 
should be made. For determining the side-payments (the value that partners need to get or need 
to give away), the initial division among the partners of the cooperation needs to be compared 
with the final payoffs. 

Therefore in Table 13, first the costs of the various partners when operating individually (row 1) 
are compared with the costs when operating in the grand coalition (row 2). The initial division of 
the operational costs savings is given in the third row. 

Table 13: Determination of the initial division of operational cost savings as a consequence of cooperation. 

 ITV ROCW BTT OCT 

Operational costs single coalition € 2,356,167 € 2,162,460 € 5,621,088 € 4,432,024 
Operational costs grand coalition € 2,345,725 € 1,779,806 € 4,874,163 € 4,725,282 

Initial division of the value from reduction 
operational costs 

€ 10,442 € 382,653 € 746,925 - € 293,258 
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Similarly, in Table 14 the revenues are studied and are compared for operating individually (row 
1) and operating in the grand coalition (row 2). The initial division of the extra revenues is given 
in the third row. 

Table 14: Determination of the initial division of the extra revenues as a consequence of cooperation. 

 ITV ROCW BTT OCT 

Revenues single coalition 4,871,812 4,764,680 9,777,176 10,884,802 

Revenues grand coalition 4,991,950 4,873,204 9,952,787 11,117,867 

Initial division of the value from increased 
revenues 

€ 120,138 € 108,524 € 175,611 € 233,065 

In Table 15, the sum of the initial divisions that they already obtained from cooperating (row 1), 
is compared to the final payoffs that they should obtain based on the Shapley value (row 2) and 
the Shapley/Weighted Shapley value (row 3). The required side-payments for both allocation 
rules are given in row 4 and row 5. 

Table 15: Determination of the required side-payments based on the two allocation rules (Shapley value and the 
Shapley/Weighted Shapley value). 

 ITV ROCW BTT OCT 

Initial division of the value € 130,580 € 491,177 € 922,536 - € 60,193 

Final payoffs (Shapley value) € 298,077 € 386,836 € 371,228 € 427,960 

Final payoffs  (Shapley / Weighted Shapley value) € 260,087 € 363,353 € 372,948 € 487,712 

Side-payments (Shapley value) € 167,497 - € 104,341 - € 551,308 € 488,153 

Side-payments (Shapley/Weighted Shapley 
value) 

€ 129,507 - € 127,824 - € 549,588 € 547,905 

5.3 Scenario Analysis 

Since four of the parameters in the average case are stochastic, a scenario analysis is executed. 
The first parameter is related to the expected natural growth, the effect of this parameter will be 
discussed in Section 5.3.1. Two parameters are related to the effect of reliability on the demand, 
namely the expected percentage of growth due to an improved reliability and the expected 
reduction in rush orders. These effects will be studied respectively in Section 5.3.2 and 5.3.3. 
Finally, in Section 5.3.4, the effect of a waiting time reduction will be studied. The parameter 
settings for the various scenarios are described in Appendix R.  

The discussion of all of these analyses is structured by first analyzing the value of all coalitions 
and subsequently analyzing the allocation of the value among the partners of the cooperation. 
The effects of the four parameters will be studied by comparing the value of the grand coalition 
for the various scenario settings. For one parameter, the natural demand growth, the value for all 
possible coalitions will be compared for the various scenario settings extensively. The graphs with 
the values of all coalitions under various scenario settings for the other parameters are given in 
Appendix U. Furthermore, it will be checked whether the resulting games and allocation vectors 
in the various scenarios fulfill the properties as discussed in Section 4.1. 

5.3.1 Natural Volume Growth 

For obtaining insights in the effect of a natural demand growth on the value of cooperation, a 
scenario is defined in which the other parameters are all set on the average case values. 
Subsequently, the effect of the volume growth on the value of cooperation is tested, by changing 
the natural growth parameter. The scenario is set on a volume growth of 0%, 5% and 10%, 
respectively called the worst, average and best case scenario. The description of this scenario 
analysis is divided in two parts, the quantification of the benefits (Section 5.3.1.1) and the 
allocation of the value among the partners (Section 5.3.1.2). 
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5.3.1.1 Quantification of Benefits 

In Figure 7, the effect of a natural demand growth on the value of the grand coalition is 
illustrated. This figure shows that the value of cooperation is slightly increasing with an increasing 
volume growth. A slight decreasing effect is shown for the extra revenues. This decrease can be 
due to the rush order percentages setting.5 When the volume of a terminal increases, the absolute 
difference between the number of rush orders in the situation without cooperation and the 
situation with cooperation will increase as well. Since the tariffs for rush orders are higher than 
the tariffs for intermodal transport orders and the absolute decrease in the number of rush orders 
(number of rush orders single coalition – number of rush orders grand coalition) is larger when 
the volumes are larger, the extra revenues are slightly decreasing. Nevertheless, the total value of 
cooperation is increasing with a natural demand growth. With a volume increase of 5%, the value 
of cooperation will increase with 3.3% in comparison to the situation without volume growth. 
With a volume increase of 10%, the value of cooperation will increase with 5.6% in comparison 
to the situation without volume growth. 

It can be concluded that all of the games studied in this scenario analysis related to the natural 
volume growth are monotonic and superadditive. Furthermore, all of these games are convex.  

 
Figure 7: Scenario Analysis natural demand growth (0% - 5% - 10%) against the operational cost savings, the extra 
revenues and the total value of cooperation in the grand coalition in euros. 

Besides studying the value of the grand coalition, the structure of the game can be analyzed in 
more detail. Figure 8 illustrates the values for each possible coalition under each scenario.  

                                                
5 For example, consider the terminal BTT in the average case. When BTT is operating individually it has 30% of the 
total TEU volume rush orders. It is assumed that this terminal has 24% rush orders when it operates in the grand 
coalition. Furthermore, in the single coalition is has no volume growth as a consequence of the reliability, whereas 
this volume growth is 3 % in the grand coalition. Assume that the demand of BTT is 1000; then the number of rush 
orders in the case of a demand growth of 0 % is 300 for the single coalition and 247 for the grand coalition. In the 
case of a demand growth of 10% the number of rush orders in the single coalition becomes 330 and in the grand 
coalition 271. Since the tariffs of rush orders are higher, a larger absolute decrease in the number of rush orders in 
the scenario with a higher demand growth can lead to a lower extra revenues. 

€ -

€ 200.000,00 

€ 400.000,00 

€ 600.000,00 

€ 800.000,00 

€ 1.000.000,00 

€ 1.200.000,00 

€ 1.400.000,00 

€ 1.600.000,00 

0% 5% 10%

Operational Cost Savings

Extra Revenues

Total Value



 

44 

 

 

Figure 8: The values for all coalitions under the various demand growth scenarios in euros. 

The values of the various coalitions under the various scenarios do not change in a similar way. 
The values of some coalitions are increasing when the natural growth increases, like the value for 
the coalition between ROCW and OCT and the grand coalition. Other coalitions face an increase 
from the worst case to the average case, but face a decrease from the average case to the best 
case scenario when the natural growth increases. The procentual largest decrease is found for the 
coalition between ITV and ROCW, namely a reduction of 46% from the average case value to 
the best case value. Furthermore, it is concluded that the value obtained in the coalition between 
ITV and OCT strongly depends on the scenario, since there is found a decrease in value of 33% 
for the average case in comparison to the worst case and an increase in value of 125% for the 
best case in comparison to the worst case. Finally, a relatively high decrease (17%) in value is 
found for the coalition between BTT and OCT in the average case in comparison to the worst 
case. These remarkable findings will be discussed below: 

1. Decreasing effect of the value of the coalition between ITV and ROCW in the third scenario: 

In the average case scenario it is optimal for ROCW in a cooperation with ITV to use 
two barges and transport part of the volumes via the external partner, whereas in the 
single coalition of the average case ROCW was forced to use three barges. This is since it 
is assumed that there is no opportunity to find an external partner when operating alone. 
When ROCW faces a high demand growth (10%), it is cheaper for ROCW to transport 
the extra volumes on a third barge in the situation without cooperation as well as in the 
situation with cooperation. Hence, instead of transporting via the external partner, 
ROCW transports its own volumes with a third barge. This decreases the difference 
between the costs of operating alone and operating with ITV. This finding is in contrast 
with the coalition between ROCW and OCT. In this coalition still value is created by 
transporting volumes between ROCW and OCT instead of using a third barge by 
ROCW. 

2. The low value for the average case of the coalition between ITV and OCT 

In the worst case scenario, ITV transports at the overcapacity of the barges of OCT. The 
barges that OCT uses in the cooperation with ITV, are the same barges that OCT uses 
when operating individually. In the average case scenario, the volume level (volume ITV 
+ volume OCT) makes it more attractive to use one larger barge at OCT in the coalition 
between ITV and OCT. This barge increases the volume that ITV can transport via OCT 
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and hence the reduction in barging costs of ITV is larger in the average case than in the 
worst case. However, the reduction in this barging costs is negated for a large part by the 
costs of using the larger barge at OCT and the extra handling costs as a consequence of 
the higher volumes handled at OCT.  In the best case, the value of cooperation increases 
again. This can be due to the fact that in this case, the same combination of barges is used 
at OCT with cooperation with ITV as without cooperation with ITV. Hence, the costs 
for barges of OCT will not increase when cooperating and will not negate the cost 
savings obtained at ITV from transporting via OCT. 

3. The low value of the coalition between ROCW and BTT for the best case scenario 

This effect can be subscribed to the use of barges as well. Whereas ROCW transports in 
the worst case scenario when operating individually all volumes themselves by the 
cheapest barges, in the cooperation with BTT it is more optimal to transport some of the 
volumes via an external partner. In the average case, when operating alone a more 
expensive barge combination is used for transporting the volumes. However, when 
cooperating in the average case with BTT the cheaper barge combination can be used and 
the remaining volumes can be transported via the external partner. In the best case 
scenario the value of cooperation is lowest, since in this scenario in both coalitions (single 
and with BTT), it is optimal for ROCW to use the two barges that are more expensive 
but give a higher capacity. It is no longer profitable for ROCW to transport their goods 
via an external partner, since a break-even volume is reached for which it is cheaper to 
use an extra barge instead of transporting the volumes via an external partner. So, 
although the value of cooperation decreases in this best case scenario, it would have 
decreased even more when these volumes were transported via an external partner. 

5.3.1.2 Allocation of Value 

Besides studying the influence of the demand growth on the value of cooperation, it is interesting 
to study its effect on the allocation of the value. These findings are presented in Table 16. In this 
table a distinction is made in the two allocation rules that are proposed in Section 5.3.  

Table 16: Final payoffs for the four partners in the natural demand growth scenarios. 

 ITV ROCW BTT OCT ITV ROCW BTT OCT 

Shapley value     
Worst Case € 286,703 € 355,352 € 371,832 € 423,246 20% 25% 26% 29% 

Average Case € 298,077 € 386,836 € 371,228 € 427,960 20% 26% 25% 29% 

Best Case € 312,618 € 362,473 € 378,484 € 464,356 21% 24% 25% 30% 

Shapley /Weighted Shapley value     
Worst Case € 253,730 € 334,970 € 373,325 € 475,107 18% 23% 26% 33% 

Average Case € 260,087 € 363,353 € 372,948 € 487,713 18% 24% 25% 32% 

Best Case € 271,051 € 336,779 € 380,366 € 529,735 18% 22% 25% 35% 

From the percentages in the last columns can be concluded that the influence of a volume 
growth on the allocation of the value among the partners is minimal. Remarkable is a decreasing 
percentage for ROCW in the best case scenario. This can be explained by the already discussed 
effect of the optimal use of barges and the corresponding contribution to the value of 
cooperation. Furthermore, as expected, the percentages of the total value allocated to the smaller 
coalitions are smaller and the percentage of the largest player is larger under the second allocation 
rule in comparison to the first allocation rule. This can be explained by the fact that the second 
method allocates the value of a reduction in the waiting time weighted based on barging volumes 
to the various partners and the first method divides this same value equally among the partners. 

Both allocation rules result in all scenarios in efficient, individual rational and stable allocations.  
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5.3.2 Volume Growth due to Improved Reliability 

For obtaining insights in the effect of the demand growth as a consequence of the higher 
reliability on the value of cooperation, a scenario is defined in which the other parameters are all 
set on the average case values. Subsequently, the parameter of the volume growth due to an 
improved reliability is changed. The parameter settings for the worst, average, best case for the 
grand coalition are respectively 0%, 3% and 6%. For the parameters settings of the other 
coalitions, the reader is referred to Appendix R. The description of this scenario analysis is 
divided in two parts, the quantification of the benefits (Section 5.3.2.1) and the allocation of the 
value among the partners (Section 5.3.2.2). 

5.3.2.1 Quantification of Benefits 

In the worst case scenario, the reliability growth is considered to be 0 % for all coalitions. Hence, 
it is assumed that there is no growth as a consequence of an improved reliability. It can be 
concluded that in that case the value of cooperation is 1,003,782 euro.  It needs to be remarked 
that the extra revenues are negative in this worst case scenario. This can be explained by the fact 
that the percentage of rush orders decreases in combination with a volume growth of 0%. Since 
the rush order tariffs are higher, this results in a decrease in the revenues under cooperation. In 
the average case, in which it is assumed that the volume growth in the grand coalition is equal to 
3%, the value of cooperation is 1,484,101 euro. From this can be concluded that an increase of 
the volumes as a consequence of an improved reliability can have a large effect on the value of 
cooperation (1,484,101 -1,003,782 = 480,319 euro). The value of the grand coalition becomes 
1,957,887 euro for the best case scenario (natural growth of 6%). This increasing value can be 
fully attributed to the increasing volumes when cooperating and the corresponding increasing 
revenues. The operational cost savings decrease for the various scenarios. This decrease in 
operational cost savings is a consequence of the increasing volumes that needs to be transported. 
The results of this scenario analysis are illustrated in Figure 9.  

 

Figure 9: Scenario Analysis demand growth as a consequence of an improved reliability, against the operational cost 
savings, the extra revenues and the total value of cooperation in the grand coalition in euros. 

5.3.2.2 Allocation of Value 

Besides studying the influence of the reliability growth on the value of cooperation, it is 
interesting to study its effect on the allocation of the value. These findings are represented in 
Table 17.  
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Table 17: Final payoffs for the four partners in the reliability growth scenarios. 

  ITV ROCW BTT OCT ITV ROCW BTT OCT 

Shapley value  

Worst Case € 189,190  € 275,062  € 253,126  € 286,404  19% 27% 25% 29% 
Average Case € 298,077  € 386,836  € 371,228  € 427,960  20% 26% 25% 29% 
Best Case € 407,508  € 496,924  € 487,644  € 565,810  21% 25% 25% 29% 

Shapley/Weighted Shapley value  
Worst Case € 153,747  € 253,153  € 254,731  € 342,151  15% 25% 26% 34% 
Average Case € 260,087  € 363,353  € 372,948  € 487,713  18% 24% 25% 33% 
Best Case € 364,040  € 470,055  € 489,612  € 634,179  19% 24% 25% 32% 

Again, it can be concluded that the share of the various partners in the value of the grand 
coalition remains approximately the same for the various scenarios. Furthermore, both allocation 
rules result in all scenarios in efficient, individual rational and stable allocations.  

5.3.3 Changes in Rush Order Percentages 
For obtaining insights in the effects of changes in the rush order percentages, a scenario analysis 
is executed for determining the value of the grand coalition under three rush order percentages 
settings. These settings are given in Appendix R. The description of this scenario analysis is 
divided in two parts, the quantification of the benefits (Section 5.3.3.1) and the allocation of the 
value among the partners (Section 5.3.3.2). 

5.3.3.1 Quantification of Benefits 
In the worst case scenario it is chosen to increase the percentages of rush orders. This situation is 
studied since an expected longer throughput time can also have an increasing effect on the 
percentages of rush orders. The operational cost savings are in that case negative, due to the 
higher operational costs for trucking. In the best case, it is assumed that the rush order 
percentages decrease as a consequence of an improved reliability. Figure 10 shows that the 
revenues decrease with a stronger reduction of the percentages of rush orders and the operational 
cost savings increase with a stronger reduction of the percentages of rush orders. This can be 
explained by the tariffs for rush orders that are higher than the tariffs for intermodal transport 
orders and the operational costs for rush orders that are higher than the costs for intermodal 
transport orders. Nevertheless, a stronger decreasing percentage of rush orders has a positive 
effect on the total value obtained from cooperation, since the decrease in extra revenues is less 
than the increase in operational cost savings. The value of the expected decrease of rush orders is 
equal to the average case setting (with reduction in rush order percentages) – the average case 
setting (without reduction in rush order percentages). This is equal to € 1,484,101 - € 1,018,469 = 
465,632 euro. For the best case scenario (Appendix O) this value is € 769,627. This value as a 
consequence of a decreasing percentage of rush orders can be fully attributed to the savings on 
trucking costs.  

 

Figure 10: Scenario analysis rush order percentages against the operational cost savings, the extra revenues and the 
total value of cooperation in the grand coalition in euros. 
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5.3.3.2 Allocation of Value 

Besides studying the influence of the rush order percentages on the value of cooperation, it is 
interesting to study its effect on the allocation of the value. These findings are represented in 
Table 18.  

Table 18: Final payoffs for the four partners in the rush order scenarios. 

  ITV ROCW BTT OCT ITV ROCW BTT OCT 

Shapley value  

Worst Case € 87,047  € 173,360 € 80,585  € 187,948  16% 33% 15% 36% 

Average Case € 298,077  € 386,836  € 371,228  € 427,960  20% 26% 25% 29% 

Best Case € 365,809  € 454,589  € 464,757  € 502,942  21% 25% 26% 28% 

Shapley/Weighted Shapley value  

Worst Case € 57,177  € 155,669  € 76,123  € 239,972  11% 30% 14% 45% 

Average Case € 260,087  € 363,353  € 372,948  € 487,713  18% 24% 25% 33% 

Best Case € 323,147  € 427,906 € 469,036  € 568,008  18% 24% 26% 32% 

In contrast to the other scenarios, the divisions fluctuate more in this scenario, this can be due to 
the differences between the percentages used as input parameters (see Appendix R). Whereas in 
the scenario of demand growth as a consequence of an improved reliability it is assumed that all 
terminals have the same percentage growth, in the rush order scenario various percentages are 
assumed for the various terminals in each coalition. 

Both allocation rules result in all scenarios in efficient and individual, and stable allocation.   

5.3.4 Waiting Time Reduction 

For obtaining insights in the effects of changes in the waiting times at the port terminals, a 
scenario analysis is executed for determining the value of the grand coalition under three waiting 
time parameter settings. In the worst case scenario it is assumed that the waiting times will remain 
2.5 hours, in the average case it is expected that the waiting times become 0.5 and in the best case 
these waiting times are assumed to be 0. The description of this scenario analysis is divided in 
two parts, the quantification of the benefits (Section 5.3.4.1) and the allocation of the value 
among the partners (Section 5.3.4.2). 

5.3.4.1 Quantification of Benefits 

From the findings of the worst case scenario, the value without a reduction in the waiting times 
can be derived. This value is equal to 1,125,502 euro. From the average case, the value from a 
reduction in the waiting times can be derived. This value is equal to the value in the average case 
minus the value without a reduction in the waiting times, € 1,484,101 – € 1,125,502 = 358,600. 
When the waiting time at the port can be reduced to 0, an additional value of 1,554,001 – 
1,484,101 = 69,900 will be obtained. This effect is illustrated in Figure 11. It can be concluded 
that the value obtained from a reduction in waiting times can be attributed to a decrease in 
operational cost savings only. The extra revenues, as expected, do not change as a consequence 
of a reduction in the waiting times at the port terminal. The operational cost savings are achieved 
since the possible number of trips between OCT and the port of Rotterdam per year is increased. 
This means that more capacity of OCT can be used for transporting volumes of BTT. This 
results in a decrease of the barging costs of BTT that is only opposed by a relatively small 
increase of the costs of OCT due to extra handlings required. Furthermore, a small proportion of 
this value can be attributed to the use of the more cost-efficient barges at a higher frequency 
between ITV and the port terminals. 
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Figure 11: Scenario Analysis waiting time reduction against the operational cost savings, the extra revenues and the 
total value of cooperation in the grand coalition in euros. 

5.3.4.2 Allocation of Value 

Besides studying the influence of this waiting time reduction on the value of cooperation, it is 
interesting to study its effect on the allocation of the value. These findings are represented in 
Table 19.  

Table 19: Final payoffs for the four partners in the waiting time reduction scenarios. 

  ITV ROCW BTT OCT ITV ROCW BTT OCT 

Shapley value  

Worst Case € 208,427  € 297,186  € 281,578  € 338,311  19% 26% 25% 30% 

Average Case € 298,077  € 386,836  € 371,228  € 427,960  20% 26% 25% 29% 

Best Case € 315,552  € 404,311  € 388,703  € 445,435  21% 26% 25% 29% 

Shapley/Weighted Shapley value  

Worst Case € 208,427  € 297,186  € 281,578  € 338,311  19% 26% 25% 30% 

Average Case € 260,087  € 363,353  € 372,948  € 487,713  18% 24% 25% 33% 

Best Case € 269,675  € 375,617  € 393,304  € 515,405  18% 24% 25% 33% 

The allocation of the values in the worst case scenario is equal for both allocation rules. This is as 
expected, since in the worst case no value of waiting time reduction is included. 

Both allocation rules result in all scenarios in efficient and individual, and stable allocation.   

5.3.5 Other Findings 

Based on the findings in the average case scenario it can be concluded that the reliability effects 
and the reduction in waiting times have a large effect on the structure of the game. However, it is 
also interesting to study the value of bundling only. Therefore a scenario is defined in which all 
reliability effects and the reduction in the waiting times are not apparent. In this case is assumed 
that the natural volume growth is 5%. Thereby, it needs to be noted that there is only bundled 
when this results in minimal operational costs of a coalition. Since bundling has no effect on the 
revenues, the extra revenues are zero for all coalitions. Therefore, the operational cost savings 
games are studied in this section. A distinction is made in the operational cost savings game when 
including the external partner and the operational cost savings game when excluding this external 
partner. The results are respectively given in Table 20 and Table 21. 
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Table 20: Operational cost savings game from 
cooperation – only bundling effects of OCT and the 
external hub. 

Table 21: Operational cost savings from cooperation 
– only bundling effect of OCT. 

 

Operational Cost Savings 

"ITV" €                         - 

"ROCW" €                         - 

"BTT" €                         - 

"OCT" €                         - 

"ITV-ROCW" €            62,817.53 

"ITV-BTT" €                         - 

"ITV-OCT" €              3,474.86 

"ROCW-BTT" €            62,817.53 

"ROCW-OCT" €          147,187.63 

"BTT-OCT" €            77,048.57 

"ITV-ROCW-BTT" €            62,817.53 

"ITV-ROCW-OCT" €          190,778.62 

"ITV-BTT-OCT €            77,048.57 

“ROCW-BTT-OCT" €          230,770.30 

"ITV-ROCW-BTT-OCT" €          230,770.30 
 

Operational Cost Savings 

"ITV"  €                         -    

"ROCW"  €                         -    

"BTT"  €                         -    

"OCT"  €                         -    

"ITV-ROCW"  €                         -  

"ITV-BTT"  €                         -    

"ITV-OCT"  €               3,474.86  

"ROCW-BTT"  €                         -    

"ROCW-OCT"  €          147,187.63  

"BTT-OCT"  €            77,048.57  

"ITV-ROCW-BTT"  €                         -    

"ITV-ROWOCT"  €          190,778.69  

"ITV-BTT-OCT  €            77,048.57  

"ROCW-BTT-OCT"  €          230,770.30  

"ITV-ROCW-BTT-OCT"  €          230,770.30  

From these tables a few conclusions can be drawn.  From a comparison between Table 20 and 
Table 21 it can be concluded that almost all values are equal except the values for the coalitions 
ITV-ROCW, ROCW-BTT and ITV-ROCW-BTT. From this finding can be concluded that only 
ROCW transports via the external hub. Table 21 gives the values when bundling takes place at 
OCT only. This means that the values for coalitions without OCT are zero. In the two-player 
coalitions, the largest value can be obtained from bundling of the volumes of ROCW and OCT. 
This can be due to the possibilities of using less barges at ROCW and the use of more cost-
efficient barges more frequent. Remarkable is that the value increases when ITV is added to the 
coalition ROCW-OCT, but remains equal when ITV is added to the coalition BTT-OCT. This 
can be explained by the fact that BTT uses the whole overcapacity of barges at OCT. This 
capacity does not increase for the three-player coalition in comparison to the two- player 
coalition. In the case of the coalition ROCW-OCT, the capacity of the barges of OCT is only 
used until ROCW has the possibility to use one barge less. This means that there is overcapacity 
at the barges of OCT in this coalition. When ITV is added to the coalition (under the assumption 
that volumes remain equal, the percentages of rush orders remain equal and the waiting times are 
the same), ITV makes use of this overcapacity. Furthermore, it is remarkable that the marginal 
contribution of ITV when joining OCT is much smaller than the marginal contribution of ITV 
when joining the coalition ROCW, OCT. This can be due to the fact that OCT has more 
overcapacity of the barges in the coalition ITV, ROCW, OCT due to the use of larger barges. 
These larger barges are used since the volumes of ITV, ROCW and OCT are high enough to be 
optimal to use these larger barges. In contrast, the volumes in the coalition ITV- OCT are too 
small, to be optimal to use a larger barge on the connection between OCT and the port. Adding 
ITV to the coalition ROCW, BTT, OCT has no effect on the value. This means that ITV in the 
grand coalition does not contribute to the bundling benefits. This can be explained by the fact 
that the capacity of the used barges is used by ROCW and BTT. Using a third barge at OCT does 
not decrease the costs of the grand coalition. Hence the total volumes and corresponding costs 
for transporting them directly between the satellite terminals and the port terminals are lower 
than the costs for using a third barge between OCT and the port and barging the volumes 
indirectly to the port. This also means that bundling is restricted by the barging capacity that is 
used at OCT and not by the handling capacity at OCT. However, it needs to be noted that in 
practice, adapting the barging capacity is easier than adapting the handling capacity. On a long 
term, with a higher increase in volumes, it is expected that this handling capacity at OCT will 
become the bottleneck.  
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The allocation of the value of bundling according to the Shapley value is given in Table 22. The 
Shapley/Weighted Shapley value is not applied since in this scenario the reduction in waiting 
times is not included in the value of cooperation. 

Table 22: Final payoffs for the four partners in the situation with only the effects of bundling. 

  ITV ROCW BTT OCT ITV ROCW BTT OCT 

Shapley value  
Allocation (OCT&ext. partner) € 9,157  € 94,819  € 34,750 € 92,044  4% 41% 15% 40% 
Allocation (only hub OCT) € 3,922 € 79,115  € 29,515  € 118,218  2% 34% 13% 51% 

From this allocation in comparison to the allocations determined in the previous sections, it can 
be concluded that by incorporating all benefits the value is allocated more equally among the 
various partners. This can be explained by the fact that the contributions of the various terminals 
to the value of cooperation in that situation are more equal, since the benefits with regard to 
reliability increases when the coalitions become larger.  

5.4 Effects of the Assumptions 

By modeling this practical situation, some implicit and explicit assumptions are made. The 
explicit assumptions mainly concern input parameters of the model. These are summarized in 
Section 3.2.1. The implicit assumptions are results of the scope definition and the methodology 
used for solving this problem. In this section the effect of some of the assumptions that are 
expected to have an effect on the final results are discussed.  

5.4.1 Explicit assumptions 

A small number of explicit assumptions like the restriction on the trucking of volumes of satellite 
between the hub and the port, and the infinite capacity of the external hub terminal, do not 
influence the outcome of the model. Other assumptions can have an effect on the outcome, two 
examples are discussed below. 

First of all, it is assumed that the various barges are owned by the various terminals and that each 
terminal can use its barges only on its links to the port or hub. This assumption is reasonable on 
the short term, but might alter on the long term. In the case of bundling of capacities, it is 
expected that the value of cooperation becomes larger, since barges can be used even more cost-
efficient. However, this change in value would not be very large since the exchange of barges is 
limited due to the waterway capacity constraints.  

Second of all, it is assumed that when a barge is rented, it needs to be rented for at least 10% of 
its available operating time. This assumption has an effect on the outcomes, since some of the 
more cost efficient barges are not used at its full capacity. This is done to reach the minimal 
required use of some less cost-efficient barges. By decreasing this percentage, the costs of barging 
will decrease for all possible coalitions. Since the setting of this parameter will have an effect on 
the single coalitions as well as on the grand coalition, the effect of this assumption on the value 
of cooperation is expected to be minimal. 

5.4.2 Implicit assumptions 

The effects of these implicit assumptions on the result of the model are discussed below. 

First of all, in this project the value of cooperation is studied for one year. In this regard, it is 
interesting to study what the value of this cooperation would become with an increasing growth 
on a longer term. With an increasing growth, it is expected that ROCW reaches the break-even 
volume at which it is worthwhile to use an own barge. This means that the value created by using 
less barges at ROCW would be negated on a longer term. This effect will also slightly reduce the 
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share that ROCW has in the value of cooperation, this is already discussed in Section 5.3.1. 
Furthermore, it is expected that as a consequence of this development, the handling capacity at 
the hub terminal OCT will be reached. Unless there is invested in this handling capacity, the 
value that can be achieved from bundling will stagnate.  

Second of all, as mentioned in the introduction chapter a few network changes are expected. One 
of them is the increased capacity of the waterways between ITV and the port of Rotterdam. This 
increase in the waterway capacity will decrease the attractiveness for ITV to transport via OCT. 
This will not drastically change the value of cooperation, since it is in the modeled situation ITV 
already has the lowest operational cost savings when transporting via OCT and hence other 
terminals have priority above ITV. Another development is a new terminal of BTT. This new 
terminal will influence the attractiveness for BTT to transport via OCT and hence probably 
decrease the value of cooperation, since by this extension BTT can use larger and more cost-
efficient barges themselves. Finally, it is implicitly assumed that OCT has a maximum barging 
capacity of 100 TEU on its connection to the port. When OCT can use larger barges it will 
become more attractive to transport via this hub for each terminal, since the costs per TEU will 
decrease. Hence, in this case the value of cooperation will be increased. 

Third of all, only three destinations in the port are included (Euromax/Delta, APMT and the 
empty depots on the Maasvlakte). This scope definition influences the optimal use of barges of 
ROCW. Whereas the outcome of this model in some scenarios shows that the optimal situation 
for ROCW is to use one barge less, in practice this would be unrealistic since ROCW would like 
to maintain some flexibility and can use this barge on the connections with other terminals. 

Fourth of all, in this project a possible external partner is considered as a hub with its 
corresponding prices. As appears from the results, the cooperation with this external partner is 
not desirable since the transport costs via this hub are too large. This does not indicate that 
another external hub would not be profitable. The profitability depends on the detour that needs 
to be made to come to this hub and the prices that are charged by the external partner.  

Finally, this model is based on an optimal operational barging scheme. In practice it is unrealistic 
to achieve such an optimal barging scheme, since the demand fluctuates per week. Furthermore, 
other factors like weather conditions, and barge maintenance and failures, restrict them from 
operating optimally. At the moment, thus in the non-cooperating case, the barging scheme is also 
not optimal because of the highly fluctuating demand. However in this thesis the „value of 
cooperation‟ is calculated by comparing the optimal situations for the non-cooperating and 
cooperating case. The effect on the „value of cooperation‟ of comparing both optimal situations 
instead of more realistic situations is expected to be minimal, since the amount of deviation from 
the optimal case should be of comparable size in both cooperating and non-cooperating 
scenarios. Furthermore, it has appeared that the allocation is rather robust. Therefore, it is not 
expected that studying this optimal situation has a large effect on the allocation of the value as 
well. 
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6 Conclusions and Recommendations 
In this thesis the benefits of cooperation and the division of these benefits among the partners of 
a cooperation is studied. To conclude this project, the problem statement as defined at the start 
of this project will be considered again. This problem statement is: 

Although this cooperation seems to witness a diversity of collective benefits, these collective benefits are still undefined 
and not quantified. Besides, the participants have no insights in the individual benefits resulting from these collective 
benefits. This lack of insights into the collective as well as individual benefits makes Brabant Intermodal B.V. an 
incomplete and unstable cooperation. 

The structure of Section 6.1 is based on the two main research questions and its sub questions, 
formulated to solve this problem. Besides answering these questions, the aim of this section is to 
discuss how the results can be interpreted for use in practice. Based on the conclusions, some 
recommendations for Brabant Intermodal B.V. will be given in Section 6.1.4. In Section 6.2, the 
scientific relevance of this project will be discussed. Finally, in Section 6.3 the main limitations of 
this study will be discussed from which directions for further research will be derived. 

6.1 Conclusions for Practice 

In Section 6.1.1 the first question and its sub questions and in Section 6.1.2 the second question 
and its sub questions will be studied. In Section 6.1.3 the main conclusions will be summarized, 
based on which recommendations are given in Section 6.1.4. 

6.1.1 Benefits of a Horizontal Cooperation 

The first research question and its sub questions are related to the determination of the benefits 
of cooperation. In this section the answers to these questions will be discussed. 

What are the benefits of a horizontal cooperation between inland terminal operating companies? 

From Chapter 2 can be concluded that there is a diversity of collective benefits of cooperation 
that can be divided in three categories; optimizing inland transport, improving service and quality and 
improving the market position. All of these benefits are discussed in Chapter 2 in more detail, which 
contributes to the first aspect of the problem statement „the undefined collective benefits‟. 
Furthermore it can be concluded that, whereas some of these benefits are “hard” or in other 
words measurable and others are “soft”, some are evident and others are invisible, they should 
collectively contribute to the sustainability of this cooperation. Hence, although in this project 
only a selection of the benefits is quantified, the other benefits should not be neglected.  

How to quantify the benefits that are obtained under this horizontal cooperation? 

A scope regarding the quantification of the benefits is defined, due to the limited time span for 
this project. The benefits that are selected for quantification are the reduction in operational costs 
as a result of the bundling of freight and the effect of a reliability improvement with regard to the 
handling at the port of Rotterdam. As this reliability improvement is mentioned as one of the 
most important benefits of cooperation, the quantifiable and major effects of the reliability on 
the value of cooperation are quantified. The reliability effects included in this project are: a 
volume growth as a consequence of offering a more reliable product, a reduction in the number 
of rush orders as a consequence of offering a more reliable product and a reduction in the 
waiting times at the port as a consequence of fixed time window agreements. 

These benefits have an effect on the operational costs as well as on the revenues of the terminals, 
therefore both aspects are studied. The operational costs required the development of a Mixed 
Integer Linear Program (MILP), which gives the possibility to compare the values of various 
coalitions in a consistent way. Based on a comparison of the minimal operational costs and the 
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revenues for the situation with cooperation and without cooperation, a value can be determined 
for each possible coalition. This enables a thorough analysis of the value of each possible subset 
of cooperating TOCs and the effect of some parameters on this value.  

What factors influence the benefits that can be obtained under cooperation? 

To discuss this question, the results of applying the quantification method to the selected benefits 
will be discussed. First of all, this method is used to determine the projected value for the average 
case scenario. This resulted in a value for each possible subset of cooperating terminal operating 
companies. The projected value of the grand coalition will be analyzed first, followed by an 
analysis of the other coalitions. Finally, the conclusions of the scenario analysis will be given. 

Grand coalition 

The projected value for cooperation in the grand coalition as is found in the average case 
scenario is € 1,484,101 euro per year. This value is composed of a reduction of 6% of the 
operational costs and an increase of 2% of the revenues under cooperation in comparison to 
individually operating terminal operating companies. This projected value is based on the 
assumption that the natural demand growth is equal to 5%, the demand growth as a consequence 
of a higher reliability is 3% for the grand coalition, the percentages rush orders for ITV, ROCW, 
BTT, OCT become respectively 3%, 2%, 24% and 2% and that the waiting times at the port 
terminals are reduced to 0.5 hours, see Appendix R. In this case, the MILP gives as output that a 
small volume of ''''''''''''' TEU per year is transported by ROCW via OCT and '''''''''''''' TEU per 
year is transported by BTT via OCT (Appendix O). This value is based on an optimal situation; 
however in practice it is unrealistic that ROCW will transport only '''''' TEU per week via OCT. 
This result appears to be cost optimal since in that situation two barges can be used by ROCW 
instead of three. In practice, this would be unrealistic as ROCW would like to maintain some 
flexibility. Furthermore, it is likely that they can use this barge on the other connections which are 
considered out of scope in this project. Therefore, the savings involved with the use of one barge 
less at ROCW needs to be interpreted with caution. The volumes that are transported by BTT via 
OCT are around ''''''''' TEU per week. This is a more reasonable amount. The optimal amount to 
be transported by BTT via OCT strongly depends on the total volumes of the grand coalition 
and the optimal use of capacity at OCT. In the grand coalition, BTT gets priority over ITV and 
ROCW for transporting via OCT. This indicates that the costs savings for transporting via OCT 
are for BTT higher than the cost savings for the other partners. 

Other coalitions 

In Chapter 5 also the values for all other possible coalitions are studied. First of all, the grand 
coalition has the largest value among all possible coalitions. Therefore, it can be concluded that it 
is valuable to sustain this cooperation. Furthermore, from the analysis of these values can be 
concluded that cost savings are mainly obtained by the use of cost-efficient barges at higher 
frequencies between the satellite terminals and a hub terminal, renting less barges, a higher 
utilization rate of larger barges between the hub and the port and a reduction in the costs for 
trucking. However, these savings in the various coalitions strongly depend on the volumes of the 
terminals and the use of the most optimal barges based on the total volumes of a coalition.  

Based on this analysis of the grand coalition and the other coalitions it can be concluded that the 
value of cooperation also depends on operational efficiency in the hub-and-spoke network. 
Therefore some conclusions on the operational level can be made: 

- The volumes that should be transported via OCT strongly depend on the total volume of 
the grand coalition and the capacity used at OCT.  

- Because of the costs for transporting via the external partner, it is not attractive for the 
terminals to transport via this external partner. 
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- BTT should transport on the overcapacity of OCT. Since the cost savings are largest for 
BTT, BTT will get priority over ITV and ROCW for transporting via OCT. 

- There is a break-even point of the volume of ROCW at which it is optimal for ROCW to 
use an own barge on the connection to the port instead of transporting via a hub. 
Thereby, the volumes that are considered out of scope in this project and the flexibility 
requirements of ROCW need to be considered. 

Scenario Analysis 

Finally, the effect of some stochastic parameters on the value of cooperation is studied in a 
scenario analysis. This scenario analysis resulted in some conclusions about the influence of the 
stochastic parameters as are summarized below: 

- A natural volume growth will have a positive effect on the value that can be obtained. A 
volume increase of 10% will deliver an increase in the value of cooperation of 5%. Hence, 
cooperation will be worth more when the natural demand growth becomes larger. 

- The largest positive effect of reliability on the value for cooperation is obtained from its 
effect on the demand. An increase in demand of 3% for each terminal as a consequence 
of an improved reliability is worth 480,319 euro and for an increase of 6% for each 
terminal this reliability improvement is worth 954,105 euro.  

- Also a reduction in the percentage of rush orders will have a considerable positive effect 
on the value of cooperation. A reduction in the percentages of rush orders to 3%, 2%, 
24% and 2% for respectively ITV, ROCW, BTT and OCT in comparison to the current 
percentages of rush orders will be worth 465,632 euro. 

- Finally, the reduction in the waiting times at the port terminals has a positive effect on the 
value of cooperation. A reduction in the waiting time to 0.5 hours instead of 2.5 hours 
will be worth 358,600 euro. 

6.1.2 Division of Benefits 

The second research question of this project and its sub questions are related to the division of 
the benefits of cooperation among the partners of the cooperation. The answers to these 
questions will be discussed in this section.  

How to divide the collective benefits among the various terminal operating companies participating in a horizontal 
cooperation? 

In the literature two types of cost/benefit allocation methods can be distinguished. The 
„standard‟ allocation rules, also called the more traditional rules, and the rules based on 
cooperative games. The standard rules, like allocations proportional to the number of customers, 
the volumes handled and distances travelled, are easy and transparent, but would not necessarily 
create a sustainable cooperation (Cruijssen, 2007). Therefore, in this project is chosen to focus on 
cooperative game theoretic alternatives. This question will be answered in more detail by the 
answers to the questions below. 

How to define the value of each possible subset of cooperating terminal operating companies? 

For the division of benefits of cooperation among the various terminal operating companies 
based on cooperative game theory, a value needs to be defined for each possible subset of 
cooperating terminal operating companies. These values, composed of operational cost savings 
and extra revenues, can be determined by using the method as discussed in Section 6.1.1. 
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What are the most important properties of a benefit allocation rule in the context of a cooperation of terminal 
operating companies? 

In this project three criteria are formulated for the evaluation of an allocation rule. These criteria 
are simplicity, fairness and stability. What is perceived as a fair allocation depends on the context 
of the allocation problem. In this project, it was infeasible to formulate the most important 
(fairness) properties for this context and to formulate or adept an allocation rule based on these 
properties. However, based on the literature, the properties as fulfilled by the Shapley value, 
efficiency, additivity, zero-player property and symmetry, were considered to be appealing and 
perceived as fair for this case as well. Thereby, only some concerns exist about the symmetry 
property in relation to the allocation of value obtained from a reduction in the waiting times. 
Therefore, in the answer to the next sub question, a method for dealing with a potential 
asymmetric contribution of the partners to this value of a reduction in waiting times will be 
discussed.  

What is an appropriate benefit allocation method? 

Based on the literature, the Shapley value is chosen as an allocation rule for this project. The 
Shapley value is assessed based on the criteria as mentioned above. From this assessment, it 
turned out that the Shapley value would be a good proposal for allocating the value of the 
benefits. Some concerns exist about the fairness of this property in relation to the waiting time 
reduction benefit. Therefore, an alternative allocation rule is proposed based on the drivers of 
getting fixed time windows and on the contributions to the value achieved from this benefit. This 
alternative allocation rule is a combination of the Shapley value and a weighted Shapley value, in 
which the weighting factor is the barging volumes of the terminals. This method is referred to as 
the Shapley/Weighted Shapley value. The results of both allocation rules for the average case are 
given in Table 23. Whereas the Shapley value allocates the value from a reduction in the waiting 
times equally among the partners, the Shapley/Weighted Shapley value divides this value 
weighted by the barging volumes. 

Table 23: Value Allocation in the average case setting based on the two allocation rules as proposed in this project. 

 ITV ROCW BTT OCT ITV ROCW BTT OCT 

Shapley value     
Average Case  €   298,077   €    386,836  €     371,228   €   427,960  20% 26% 25% 29% 

Shapley/Weighted Shapley value     
Average Case €    260,087 €     363,353 €      372,948 €   487,713 18% 24% 25% 32% 

In Table 23, the final payoffs that the various partners should obtain based on the allocation rules 
are given. However, in practice this value is already divided over the various partners of the 
cooperation. This can be either by changes in the operational costs or by changes in their 
revenues as a consequence of cooperation. Since some of the partners have obtained more and 
some less value than the final payoffs, side-payments need to be made. This concept is explained 
in more detail in Section 5.2.2.2. 

For both allocation rules in all scenarios is concluded that the desired properties are fulfilled. 
Therefore, it can be concluded that these proposed allocation rules in all scenarios; (1) divide the 
total value among the players of the coalition (efficiency), (2) allocate the value in such a way that 
the payoff for each player when cooperating is at least the payoff when operating alone 
(individual rationality) and (3) allocate in such a way that there is no coalition whose players 
together receive less than this coalition can obtain by itself (stability). Finally, it can be concluded 
that the allocation is rather robust, since the share of the various partners of the value does not 
change drastically with changing stochastic parameters. 



 

57 

 

6.1.3 Summary of Conclusions 

Based on the results and the above discussion, the most important conclusions regarding the 
determination and division of benefits are: 

- This cooperation has a variety of benefits which are classified in three categories: 
optimizing inland transport, improving service and quality, and improving the market 
position. Although only a selection of the benefits is quantified in this project, the other 
benefits should not be neglected. This means that the value of cooperation could be 
higher than determined in this project. 

- Cooperation in the grand coalition delivers the highest value; hence it is worthwhile to 
cooperate in the grand coalition. 

- From the scenario analysis it can be concluded that the expected reliability benefits all 
have a positive effect on the value of cooperation and that the allocation of the value 
among the partners is rather robust for the various scenarios. 

- Both allocation rules are applicable in this setting, since they result in a theoretical fair and 
stable allocation for all scenarios. Based on the perceived fairness regarding the division 
of the waiting time reduction benefit, a method can be chosen to allocate the value as 
studied in this project. 

6.1.4 Recommendations 

Based on the analysis of the results and the conclusions, the following recommendations for 
Brabant Intermodal B.V. can be defined: 

 Continue cooperating in the grand coalition, since this result in the highest value under 
each expected natural volume growth. 

 BTT needs to transport on the over-capacity of OCT, since this results in the largest 
operational cost savings. This results in even more cost savings when OCT adapts its 
capacity optimally to the volume of the total coalition. 

 Focus on obtaining an improved reliability in the port and getting a reduction in the 
waiting times, since this increases the value of cooperation even more. 

 Prevent a reverse model shift (more rush orders). Due to the eventually increasing 
throughput time of barging as a consequence of the handling at a hub terminal, this is one 
of the concerns of operating in a hub-and-spoke network. However, this increasing 
throughput time can be opposed by a reduction of the waiting time at the port terminals. 
Besides, although the throughput time will possibly be increased, the terminal operating 
companies can offer a more reliable product to their customers. In this sense, by 
minimizing the increase of throughput times and focusing on offering a more reliable 
product to the customer, the probability of the occurrence of a reverse modal shift can be 
reduced. 

 Use one of the allocation rules as proposed in this study to get insights in the individual 
benefits of cooperation in this context. Thereby, a decision needs to be made between 
these two rules based on the perceived fairness of allocating the value of a reduction in 
waiting times in practice. Subsequently, further research is recommended for translating 
this strategic tool to an operational tool. 

6.2 Conclusions for Science 

Based on the literature study, it can be concluded that this project delivers a scientific 
contribution to a variety of research fields. In this section the conclusions for science will be 
discussed 
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Intermodal Barge Transport 
This research contributes to the literature about intermodal barge transport since it studies the 
benefits of cooperation between partners in intermodal transport in a broader perspective than is 
done in the existing literature. This existing literature is mainly focused on studying the cost-
effectiveness of a hub-and-spoke network. From this broader perspective can be concluded that 
valuing a cooperation of inland terminals involves more than quantifying the costs savings from 
bundling only. 

Horizontal Cooperation 
This project contributes to the field of horizontal cooperation, as it proposes a method to tackle 
one of the main impediments of horizontal cooperation in transport and logistics, the 
determination and division of benefits. Mainly the quantification of a soft benefit, like the 
reliability improvements at the port terminals, is scarce in literature.  

Game Theory 
Finally, with regard to game theoretic literature a few contributions can be mentioned. First of all, 
this research is exceptional in the combination of a scenario analysis with cooperative game 
theory and hence in studying the effects of parameter settings on the allocation of the value. It 
can be concluded that in this setting, the division of benefits is rather robust, since the shares of 
the various partners in the various scenarios are almost equal. It would be interesting to study the 
robustness of allocations for more parameter changes in this context.  
Second of all, from this research can be concluded that in practice the use of different allocation 
rules for the allocation of various benefits can be appealing. As is indicated in this project, for 
three of the benefits the Shapley value is applicable whereas for one of the benefits a weighted 
Shapley value would probably be more appropriate. This conclusion is related to the difficulties 
that are experienced with the alignment between the concept of fairness as mentioned in the 
literature with the perceptions of fairness in practice. It can be concluded that the Shapley value 
does not necessarily include all practical relevant properties of an allocation rule. To align those 
two concepts, more research should be done in the important properties of an allocation rule in 
this specific context. Subsequently, these properties need to be fulfilled by formulating an 
appropriate weighted Shapley value or by formulating a tailored allocation rule.  

6.3 Limitations and Further Research 

In this section the limitations and the suggestions for further research will be discussed. 

6.3.1 Limitations  

First of all, a limitation of this project is that the relation between the amount of bundled 
volumes and the reliability improvement is not included. However, it is plausible that there is a 
connection between those two aspects.  

Second of all, in Chapter 5, two games are defined namely the operational cost savings game and 
the extra revenue game. Based on the discussion of these games, it can be concluded that the 
values in the two games are related. For example, the decreasing revenues as a consequence of a 
shift from rush to intermodal transport orders are related to a corresponding reduction in the 
operational costs. In this regard, probably more insights could have been obtained when another 
division in games was made. Whereas in this project is chosen to divide the games in these two 
games, for further research it could be interesting to define another division in games that give 
other useful insights. 

Third of all, it is important to note that this project is focused on indicating whether the 
cooperation is valuable and what this collective value means for the various partners individually. 
It is however no operational tool for the allocation of the value.  
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Fourth of all, as is discussed thoroughly, the properties that would be appealing for an allocation 
rule are in this project based on the well-established properties as mentioned in the literature. 
Hence, instead of formulating the properties and deriving or establishing an allocation rule, an 
existing allocation rule is chosen and it is analyzed whether these properties are appealing in this 
context.  
 
Finally, a variety of benefits is not quantified in this project. These benefits cannot be neglected 
when valuing the cooperation. 

6.3.2 Further research 

Based on the conclusions and limitations of this project, some recommendations for further 
research can be defined.  

6.3.2.1 The effect of other parameters on the value of cooperation. 

In this project the effects of four parameters on the value of cooperation are determined. 
However, in practice there are many more parameters that can have an effect on the value of 
cooperation. Although many of these parameters are included in the AIMMS model, it was not 
possible to study the effects of all of these parameters. However, for future research it would be 
interesting to study the effect of some other parameters on the value of the cooperation. For 
example, the influence of the expected network changes would be interesting to test. Since many 
parameters are included in the Excel and AIMMs model this tool can be used for the 
determination of these effects. Thereby, it can be considered to use another division in games 
than the division between an operational cost savings game and an extra revenue game as used in 
this project.  

6.3.2.2 From a strategic tool to an operational tool 

As results from this project that this cooperation is valuable and can be valuable for each partner 
involved, the next step is to focus on the more operational issues of dividing the value among the 
partners of the cooperation. For example, one of the questions they face within Brabant 
Intermodal B.V. is how to divide the joint invoices. Furthermore, they are wondering what prices 
should be charged for the mutual services like the handling and barging of containers. When 
studying these operational issues, two ways of side-payments can be distinguished. First, the 
prices of mutual services can be set in such a way that the required final division of value is 
achieved. Second, the value can be re-allocated afterwards by making side-payments. Whereas the 
first method requires information about the stochastic parameters beforehand, in the second 
method these stochastic parameters needs to be estimated afterwards. To be able to assign a 
more certain value to these parameters, more research should be done on the settings of these 
stochastic parameters. An advantage of the first way of division is that the incentives of 
cooperation will become more visible in the daily operations and hence could result in even more 
cooperation. Besides the decision that needs to be made regarding the side-payments, a fair 
operational allocation rule should be defined in which; all benefits of cooperation need to be 
included and quantified. Furthermore, more insights in the properties of an allocation rule that 
are important for each benefit in this specific context are needed.  
The steps above and a variety of other steps need to be made for translating this strategic tool to 
a practical tool. Therefore, this would be an interesting topic for further research. 

6.3.2.3 Important properties of an allocation rule in practice 

In this project the properties that are appealing for an allocation rule in this context are based on 
a limited set of properties discussed in the studied literature about game theory applied in a 
transport and logistics context. For further research it would be interesting to reason the other 
way around and try to define a weighted Shapley value or another tailored allocation rule based 
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on the most important properties specified for this context. Thereby, it can be needed to define 
benefit specific properties. 

6.3.2.4 Quantification of other Benefits 

As was mentioned in Chapter 2 and also in the conclusion of this report, there is a variety of 
benefits of which just a selection is quantified in this project. For further research, it would be 
interesting to quantify some of the other benefits as well. This gives a more complete value of the 
cooperation. Besides, as it is expected that a high value can be obtained from the bundling of 
volumes to Antwerp, it would be interesting to study the value of bundling to these terminals in 
Antwerp as well. The other benefits that would be interesting to quantify and divide among the 
partners of cooperation are the empty container re-use and the procurement advantages. An 
introduction for further research on these benefits is given below.  

Empty Container Re-use 
This project does not include the benefits that can be obtained from re-using empty containers. 
From analyzing the volume information, as is given in Appendix A, can be concluded that there 
is a high potential for empty container re-use. There can be distinguished two types of re-use, 
namely the internal re-use and the re-use as a consequence of exchanging containers between the 
different partners. In this model is assumed that the internal re-use number is not changed with 
an increase in volumes. However, it is assumable that when the volumes increase as a 
consequence of cooperation also the internal re-use probability increases. Therefore this effect 
needs to be considered in further research. Besides, cooperation enables the re-use via a hub. It is 
more difficult to include this type of re-use in the model, however it is worthwhile to investigate 
in another study since it can reduce the operational costs further.  

Procurement Advantages 
One of the other benefits of cooperation that was mentioned during the meetings with company 
representatives are the procurement advantages. Although this can lead to interesting benefits, 
these procurement advantages are not included in this project. Based on a study by Schotanus 
(2007) it can be concluded that studying procurement benefits and its division involves more 
than just determining the difference between joint purchasing and the sum of individual 
purchasing.  He distinguishes advantages that come from cooperative procurement factors like 
economies of scale, a reduced number of transactions between suppliers and buyers, improved 
relationships with suppliers and other organizations in a purchasing group, and a stronger 
negotiation position. On the other hand, he defines some disadvantages of cooperative 
purchasing factors that need to be considered like the increased complexity of the purchasing 
process and the loss of flexibility and control. To define the value of joint procurement, the 
advantages as well as the disadvantages need to be considered. Subsequently, this value needs to 
be allocated fairly among the partners of a purchasing group to maintain this group. These 
allocations can be based again on one of the methods as proposed by game theory. It is 
interesting to study the benefits from cooperative purchasing and the corresponding division of 
these benefits in further research.   

6.3.2.5 The determination of the stochastic parameters 

As stated before, some parameters are stochastic. In this project is dealt with these parameters by 
setting expected values for an average case and investigating the effect of the change of these 
parameters on the value. To be able to assign a more certain value to this cooperation, more 
research should be done on the effects of an improved reliability on the demand of the terminals, 
the effects on an improved reliability on the percentages of rush orders and the effect of fixed 
windows on the waiting times at port terminals.  
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6.3.2.6 Customer Benefit 

One of the recommendations as mentioned in the conclusion is to prevent a reverse modal shift. 
As discussed, this can be achieved by a reduction of the waiting times at the port terminals and 
by focusing on offering a more reliable product to the customers. It is expected that customers 
benefit from an improved reliability since this eases also their planning processes and reduces the 
necessity to order truck orders.  However, to be able to conclude about these aspects, more 
research should be done on the planning process of the customers and the wishes of the 
customers with respect to for example information sharing, throughput times and reliability.  
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Appendix A. Volume information - Confidential 
 

Table 24: Inbound and Outbound Volumes per Terminal  

Figure 12: Inbound and Outbound Volumes per Terminal. 

Figure 13: The volumes of empty inbound and empty outbound, indicating a potential for re-use. 
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Appendix B.  Port Terminals 
 

 

Figure 14: Port terminals included in the model. 
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Appendix C. Cost Mechanism Shipping Lines 
One of the impediments of re-using containers is the costing mechanism that is used by shipping 
lines to control their container fleet, the merchant container flow and the container stock at 
empty depots. The shipping lines charge two fees, namely the demurrage fee and the detention 
fee. Demurrage fees are charged for having a container on storage in the port area. Mostly, the 
shippers and forwarders get a demurrage free period of five days. However, this number of days 
can vary dependent on shipping line, shippers and other circumstances. A detention fee is 
charged after the container leaves the port area. The detention charges have an impact on the 
empty container re-use, as it often takes a while to find a match between import and export. The 
risk of not finding this match in time and hence having to pay a detention fee is carried by inland 
terminals, therefore a lot of empty container re-use potential is lost. Furthermore, shipping lines 
charge prices to the freight forwarders that want to re-use empty equipment or want to hand-in 
or retrieve empty equipment at empty depots in the hinterland. These costs are sometimes higher 
than the costs of transporting the container back to the port and hand it in there. Hence, due to 
the current cost mechanisms of shipping lines, the empty container re-use is impeded as the 
benefits from empty container re-use are often all allocated to the shipping lines. By cooperating, 
the negotiation position of the four terminals in relation to the shipping lines can be improved. 
This may result in empty depot agreements, which means that they define a location where the 
empty containers can be stored to enable the exchange of empty containers between the different 
terminals, without the incurrence of detention fees on short terms. 
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Appendix D. Graphical Representation Model 
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Figure 15: Volume flows to and from the satellite terminals. 

Delta/Euromax

Direct barging flows from a hub terminal t to a port terminal p.

APMT

Empty Depots

Indirect barging flows from a satellite terminal t to a port terminal p. (via a hub h).

Direct trucking flows from a hub terminal t to a port terminal p.

Indirect trucking flows from a satellite terminal t to a port terminal p.(via a hub h).

Studied Hub Terminal

1 , ,

3

1
p O S

B

p

D




3 , ,

3

1
p O S

B

p

D




1 , ,

3

1
p O S

T

p

D




2 , ,

3

1
p O S

T

p

D




3 , ,

3

1
p O S

T

p

D




1, , 1, ,1, t O S t O S

B B T

O S

t t

D D D  

1,O S

TD

OCT

MCT

2,O S

TD

2 , ,

3

1
p O S

B

p

D



3,O S

TD

2, , 2, ,2, t O S t O S

B

O S

B T

t t

D D D  

3, 3, , 3, ,

B

O S t O S t O S

B T

t t

D D D  

 

Figure 16: Volume flows to and from hub terminal OCT. 
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Figure 17: Volume flows to and from an external hub partner. 
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Appendix E. Reasonableness of  the Assumptions 

 It is assumed that it is not possible to truck volumes of the satellite terminals between 
hub terminals and the port. Hence, when something is transported via a hub, the 
transport between the hub and the port always takes place by barge. This is reasonable to 
assume since it is undesirable in practice that cooperation in a hub-and-spoke network 
results in more trucking. Furthermore, the combination of trucking and barging in a hub-
and-spoke model appears to be too costly to be optimal and therefore will never take 
place.  

 It is assumed that the various barges are owned by the various terminals and that each 
terminal can use its barges only on its links to the port or hub. This means for example 
that the barges of ITV can only be used on the connection between ITV and the port or 
between ITV and a hub. This is a reasonable assumption on a short term, since the 
terminal owners still pursue to maintain their flexibility and use of many barges on other 
links is restricted by the waterway capacities. Only some small barges can be exchanged 
by the terminals, the large barges of OCT cannot be exchanged.  

 It is assumed that the decision variables regarding the number of trips that are made on a 
link need not to be integers.  

 It is assumed that the decision variables regarding the volumes that are transported on a 
link need not to be integers. 

 It is assumed that the variable costs for trucking per kilometer and per hour are equal for 
all terminals. This is a reasonable assumption since the truck equipment of the various 
terminals is almost equal, which means that the underlying costs (depreciation costs, 
interest, assurance costs, taxes) are comparable.  

 

 When a container is transported either directly or indirectly per truck, no intermediate 
handling at a satellite terminal is needed. However, indirect trucking requires a handling at 
the hub terminal. This is a reasonable assumption as truck transport is usually used when 
the container needs to be transported quickly (rush order).  

 It is assumed that the transportation is executed using standard 20ft and standard 40ft 
containers only. It is assumed that 80% of all containers transported are 40ft. This is a 
reasonable assumption, based on discussions with company representatives and a 
previous research by Van Rooy (2010) who stated that the share of these container sizes 
in total container volume is very substantial (Van Rooy, 2010).   

 It is assumed that the average delay of trucking between a terminal and its customer is 
zero. This is reasonable since this often is a relatively short distance (<20 km) and the 
probability for traffic jams, accidents on these routes is limited. 

 It is assumed that when a barge is rented on an agreement per trip that it needs to be used 
for 10% of its total available capacity. This assumption is made since it is unrealistic that a 
barge will be rented for just one trip per year by a barge operator. They pursue some 
certainty about the number of trips. Therefore in this regard it is assumed that a barge 
when it is rented need to be used at least for 10% of its total available capacity. This 
percentage is set on a low value, because of the overcapacity can be used for transporting 
on the connections to other port terminals that are considered out of scope in this 
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project. The setting of this percentage can have some effects on the operational decisions 
of the optimal use of barges, since in the model for example a more cost-efficient barge 
can be used not at its full capacity, to reach the minimum amount of the use of another 
barge. This effect is reduced, by using such a low percentage.  

 The own volumes of the external partner that needs to be transported are considered out 
of scope, since they do not influence the costs of the partners within Brabant Intermodal 
B.V. In practice, the own volumes that need to be transported by the external partner will 
influence the costs that are involved for transporting external volumes. This is because of 
the costs depend on whether there can be transported on the overcapacity or an extra 
barge needs to be used. However, the prices as are charged by the external partner are not 
based on these own volumes, and hence the own volumes of the external partner can be 
considered out of scope. 

 It is assumed that the handling capacity at the external partner is infinite. This is assumed 
since this partner does not restrict Brabant Intermodal B.V. in the volumes that they send 
via the external partner. 

 The internal (OCT) and the external hub transport to all port locations. This is a 
reasonable assumption since this is the current way of transporting the goods. 
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Appendix F. Assumption Subsets of  TOCs- Hub 
{ITV}, {ROCW}, {BTT}, {OCT}:  

When the various players operate individually, they are limited in their ability to find an external partner. Hence, for these 
situations it will be assumed that there is no external partner and that they all transport their own goods towards the port either 
by truck, by barge or by a combination of both. 

{ITV, BTT}, {ITV, ROCW}, {BTT, ROCW}, {ITV, ROCW, BTT}: 

Due to the higher demand of a coalition of two or more in comparison with operating alone, coalitions of two or more players 
are enabled to make agreements with an external partner. Therefore, it will be assumed in these cases that the players can either 
transport the goods themselves or transport the goods via an external hub. This external hub will charge a price per container 
handling and a price per TEU for barging. The prices charged depend on the coalition. This is assumed since the price 
agreements depend on the volumes that are expected to be transported via the hub. Therefore, it is for example reasonable to 
assume a lower price for a coalition of ITV and BTT than for a coalition of ITV and ROCW, since the first coalition has a 
higher demand per year. 

{ITV,OCT}, {ROCW,OCT}, {BTT,OCT}, {ITV,ROCW,OCT}, {ITV,BTT,OCT}, {ROCW, BTT, OCT}, {ITV, ROCW, 
BTT, OCT}: 

Whereas in these coalitions OCT is a partner, OCT can be used within these coalitions by the various partners as a hub. Besides, 
there is can be an agreement with an external partner. This external partner also fulfills a hub function. However, the capacity of 
the hub partner of the coalition OCT needs to be used before something is send via an external partner. Hence, this external 
partner will only be used when there is under-capacity at the hub OCT and when it is cheaper to transport via the external 
partner, then transporting directly. 

 

Appendix G. The Operational Model 

Network Characteristics: 

Table 25: Definition of Network Characteristics. 

T Set of all satellite terminals that can make part of a coalition. 

t Satellite terminal which can make part of a coalition. 

  t  1=ITV, 2=ROCW, 3=BTT. 

H Set of all hub terminals that can make part of a coalition. 

  h  O = OCT 

X  Set of all external hub terminals (would not become part of coalition). 

  x  M = External Partner 

P  Set of all port terminals. 

p  1=Delta/Euromax, 2=Empty Depots, 3=APMT 

S  A coalition of satellite terminals and hub terminals. 

B Set of all barges of the terminals. 
a1='''''''''''''', b1='''''''''''', c1='''''''''''''''''''', d1=''''''''''''''', e1='''''''''''''' ''', f1=''''''''''''' ''', 
g2=''''''''''''', h2=''''''''''''''' ''''''''''''''''', i2=''''''''''''', j3=''''''''''''''' '''''''''''''''', k3='''''''''''''''''', 
l3='''''''''''''''''''''''''''''''''''''''', m3='''''''''''''''''''', n3='''''''''''' '''''''''''''''', oO=''''''''''''''''''' 
pO=''''''''''''''''', qO=''''''''''''''''''''''. 

Objective Function 

Table 26: Cost functions for barging for the various types of terminals. 
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Indirect Barging Costs to hub terminal OCT 
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Table 27: Cost Functions for Trucking for the various types of terminals. 
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Short-Haul Trucking Costs 

,

3

,

1

2
*2 *

tp St

t

B

i tT T T

t S d i t h tT T
p s

Dd
STC vc d vc w

v TEU

   
            

  

Hub Terminals 

Direct Trucking Costs 

,

3

,

1

2
*2 *

Op S

T

OpT T T T

O S d Op h p OpT T
p l

Dd
TC vc d vc w j

v TEU
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Short-Haul trucking costs 

,

3

,

1

2
*2 *

Op SO

O

B

i OT T T

O S d i O h OT T
p s

Dd
STC vc d vc w

v TEU

   
            

  

 

Table 28: Cost functions for handling for the various types of terminals. 

Satellite Terminals 

Handling Costs 

,

3

, , , , ,

1
2* *

t S

B B B

tp S tp O S tp M S

p H

tHC

D D D

vc
TEUF




 
  

 
 
 
 


 

Hub Terminals 

Handling Costs 

,

3 3 3

, , , , ,

1 1 1

\{ }

2* *
O S

B T B

tp O S tp O S Op S

p p p H

O

t S O

HC

D D D

vc
TEUF TEUF TEUF

  





       
       
        
       
        

       

  
  

Table 29: Cost Functions for the external partner. 

External Partner 

,

3 3

, , , , 3
1 1

, , , ,

\{ } \{ } 1

* *
M S

B T

tp M S tp M S

p p H B B

M S tp M S M S

t S O t S O p

EC

D D

p D p
TEUF TEUF

 

  

    
    
      
    
    
    

 
    

Decision Variables 

Table 30: Demand flows related decision variables. 

,tp S

BD  The volume that is transported directly between satellite terminal t and port 
terminal p under coalition S per barge (TEU/year). 

,tp S

TD  The volume that is transported directly between satellite terminal t and port 
terminal p under coalition S per truck (TEU/year). 

, ,tp O S

BD  The volume that is transported indirectly via OCT between satellite terminal t and 
port terminal p under coalition S per barge (TEU/year). 

, ,tp O S

TD  The volume that is transported indirectly via OCT between satellite terminal t and 
port terminal p under coalition S per truck (TEU/year). 

, ,tp M S

BD  The volume that is transported indirectly via an external partner between satellite 
terminal t and port terminal p under coalition S per barge (TEU/year). 

, ,tp M S

TD  The volume that is transported indirectly via an external partner between satellite 
terminal t and port terminal p under coalition S per truck (TEU/year). 

,Op S

TD  The volume of OCT that is transported directly between hub terminal OCT and 
port terminal p under coalition S per truck (TEU/year). 
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,Op S

BD  The volume of OCT that is transported directly between hub terminal OCT and 
port terminal p under coalition S per barge (TEU/year). 

 

Table 31: Decision variables related to the number of trips on the various links. 

, ,b Op Sn  The number of trips between hub terminal OCT and port terminal p under 
coalition S by barge b (Number of trips/year). 

, ,b tp Sn  The number of trips between satellite terminal t and port terminal p under 
coalition S by barge b (Number of trips/year). 

, ,b tO Sn  The number of trips between satellite terminal t and hub terminal OCT under 
coalition S by barge b (Number of trips/year). 

, ,b tM Sn  The number of trips between satellite terminal t and an external hub partner under 
coalition S by barge b (Number of trips/year). 

 

Table 32: Binary decision variable for calculating the costs for renting a barge per week. 

by  A binary variable resembling whether barge b with a contract per week is used or 
not.{0,1} 

 
Parameters 
Demand related parameters 

Table 33: Demand related parameters. 

,tp SD  The volume that needs to be transported between satellite terminal t and port 
terminal p under coalition S in year 2010 (TEU/year). 

,Op SD  The volume that needs to be transported between hub terminal OCT and port 
terminal p under coalition S in year 2010 (TEU/year). 

,t Sr  The percentage of rush orders of terminal t under coalition S (%). 

,O Sr  The percentage of rush orders of hub terminal OCT under coalition S (%). 

 
Barging 

Table 34: Barging costs related parameters. 

,b tpp  Renting costs per trip between satellite terminal t and port terminal p for barge b 
(Euro/trip).  

,b tOp  Renting costs per trip between satellite terminal t and hub terminal OCT for barge 
b (Euro/trip). 

,b tMp  Renting costs per trip between satellite terminal t and an external hub terminal for 
barge b (Euro/trip). 

,b wp  Renting costs per week for barge b (Euro/week). 

,b tOf  Fuel consumption per trip between satellite terminal t and hub terminal OCT for 
barge b (Ltr./trip). 

,b tpf  Fuel consumption per trip between satellite terminal t and port terminal p for 
barge b (Ltr./trip). 

,b tMf  Fuel consumption per trip between satellite terminal t and an external hub 
terminal for barge b (Ltr./trip). 

,b Opf  Fuel consumption per trip between hub terminal OCT and port terminal p for 
barge b (Ltr./trip). 

tf
p  Fuel price of terminal t (Euro/Ltr). 

Of
p  Fuel price of hub terminal OCT (Euro/Ltr). 
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bx  Limit of fuel price x that is included in the renting price per trip of barge b (Euro). 

 

Table 35:Barging capacity related parameters. 

bc  Capacity of barge b (TEU). 

,maxb  Maximal feasible utilization rates of barge b (%). 

 

Table 36: Barging time related parameters. 

bo  Available operating hours of barge b per year (hours/year). 

,minb  Minimal required percentage of available operating hours that barge b with a 
contract per trip needs to be used if it is rented (%). 

B

tOt  Average barging time in hours for a trip between terminal t and hub terminal OCT 
(hours). 

B

tMt  Average barging time in hours for a trip between terminal t and an external hub 
terminal. (hours). 

B

tpt  Average barging time in hours for a trip between terminal t and port terminal p 
(hours). 

B

Opt  Average barging time in hours for a trip between hub terminal OCT and port 
terminal p (hours). 

B

tw  Average waiting time for a barge at satellite terminal t (hours). 

B

Ow  Average waiting time for a barge at hub terminal OCT (hours). 

B

Mw  Average waiting time for a barge at an external hub partner (hours). 

B

pw  Average waiting time for a barge at port terminal p (hours). 

,t

B

b tl  Average loading/unloading time for barges of terminal t at satellite terminal t 
(hours). 

,t

B

b Ol  Average loading/unloading time for barges of satellite terminal t at hub terminal 
OCT (hours). 

,t

B

b Ml  Average loading/unloading time for barges of satellite terminal t at an external hub 
terminal (hours). 

,t

B

b pl  Average loading/unloading time for barges of satellite terminal t at port terminal p 
(hours). 

,O

B

b tl  Average loading/unloading time for barges of hub terminal OCT at satellite 
terminal t (hours). 

,O

B

b Ol  Average loading/unloading time for barges of hub terminal OCT at hub terminal 
OCT (hours). 

,O

B

b pl  Average loading/unloading time for barges of hub terminal OCT at port terminal 
p (hours). 

B

tp
th  Average throughput time of barging between satellite terminal t and port terminal 

p (hours). ( , ,t t

B B B B B B

tp tp t p b t b pt th w w l l     ) 

B

tO
th  Average throughput time of barging between satellite terminal t and hub terminal 

OCT (hours). ( , ,t t

B B B B B B

tO tO t O b t b Ot th w w l l     ) 

B

tM
th  Average throughput time of barging between satellite terminal t and an external 

hub terminal (hours). ( , ,t t

B B B B B B

tO tM t M b t b Mt th w w l l     ) 

B

Op
th  Average throughput time of barging between satellite terminal t and an external 

hub terminal (hours). ( , ,O O

B B B B B B

Op Op O p b O b pt th w w l l     ) 
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Trucking 

Table 37: Trucking costs related parameters. 

d

Tvc  Variable costs of truck transport per kilometer (Euro/km). 

h

Tvc  Variable costs of truck transport per hour (Euro/hour). 

 

Table 38:Trucking time related parameters. 

tpd  Average trucking distance between customers of terminal t and the port p (km). 

tOd  Average trucking distance between customers of terminal t and hub terminal OCT 
(km). 

tMd  Average trucking distance between customers of terminal t and external hub 
terminal (km). 

Opd  Average trucking distance between customers of hub terminal OCT and port 
terminal p (km). 

ri td  Average trucking distance between customers of satellite terminal t and satellite 
terminal t (km). 

Oi Od  Average trucking distance between customers of hub terminal OCT and hub 
terminal OCT (km). 

T

sv  Average speed of truck on a short distance (less than 50 km) (km/hour). 

T

lv  Average speed of truck on a long distance (more than 50 km) (km\hour). 

T

tw  Average waiting time of truck at satellite terminal t (hours). 

T

pw  Average waiting time of truck at port terminal p (hours). 

T

Ow  Average waiting time of truck at hub terminal OCT (hours). 

tpj  Average delay of trucking from a customer of terminal t to port terminal p (hours). 

tOj  Average delay of trucking from a customer of terminal t to the hub terminal OCT 
(hours). 

tMj  Average delay of trucking from a customer of terminal t to an external hub 
terminal (hours). 

TTEU  The average amount of TEU transported during a roundtrip. 

 
 
Handling 
 

Table 39: Handling costs related parameters. 

H

tvc  Variable costs per container handling at terminal t (Euro/container handling). 

H

Ovc  Variable costs per container handling at hub terminal OCT (Euro/container 
handling). 

 

Table 40:Handling capacity related parameters. 

O

Hc  Handling capacity at hub terminal OCT (Containers/year). 

 
External Partner Parameters 

Table 41: External Partner costs related parameters. 

,

H

M Sp  Variable costs per container handling at external hub terminal. (Euro/container 
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handling). 

,

B

M Sp  Variable costs for barging one TEU from the external hub terminal. (Euro/TEU). 

 
General 

Table 42: General parameter. 

TEUF  Factor used to determine the number of containers. It actually depicts the 
percentage of total containers that concerns 40 ft containers and the percentage 
that concerns 20 ft containers. TEUF = Fraction of 40ft containers + 1. 

 
Constraints 

1. Barge Capacities of links: 

Their need to be enough trips to transport the demand on the link between the satellite terminals and the hub terminal OCT: 

, ,, , ,max* *
tp O S

B

b tO S b b

b p

n c D t     

Their need to be enough trips to transport the demand on the link between the satellite terminals and the external hub 
terminal: 

, ,, , ,max* *
tp M S

B

b tM S b b

b p

n c D t     

Their need to be enough trips to transport the demand on the link between the satellite terminals and port terminal p: 

,, , ,max* * ,
tp S

B

b tp S b b

b p

n c D t p     

Their need to be enough trips to transport the demand on the link between the hub terminal OCT and port terminal p: 

, , , ,, , ,max ,* *
tp O S tp O S

B B T

b Op S b b Op S

b t

n c D D D p       

2. Total Demand needs to be transported: 

The sum of the volumes transported from the satellite terminals needs to be equal to the total demand of the satellite terminals: 

, ,, , , , , , , , , ,
tp O S

B B B T T T

tp S tp M S tp S tp O S tp M S tp SD D D D D D D t p        

The sum of the own volumes of OCT transported from the hub terminal OCT needs to be equal to the total demand of the 
hub terminals: 

, , ,

B T

Op S Op S Op SD D D p    

 
 

3. Used Capacity of Barges smaller than the Available Capacity of Barges: 

The available capacities of a barge in hours need to be larger than the operation time of a barge in hours. 

, , , , , , , ,* * * *B B B B

b b tp S tp b tO S tO b tM S tM b Op S Opo n th n th n th n th b      

Thereby the throughput time is composed of the barging time, the loading and unloading time and the 
waiting time at the various terminals. These relationships are given below:

 

, ,

, ,

, ,

, ,

t t

t t

t t

O O

B B B B B B

tp tp b t b p t p

B B B B B B

tO tO b t b O t O

B B B B B B

tM tM b t b M t M

B B B B B B

Op Op b O b p O p

th t l l w w

th t l l w w

th t l l w w

th t l l w w

    

    

    

    

 

 
4. Binary Variable 

Holds for all barges with a renting price per week: 
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, , , , , , , ,

\{ } \{ } \{ }

* * * * *
B B B B

b tO S tO b tM S tM b tp S tp b Op S Op b b

t S O t S O t S O p p

n th n th n th n th o y
  

         

 
5. All rush orders need to be trucked: 

3 3

, , ,

1 1

3 3

, , ,

1 1

*

*

T

tp S t S tp S

p p

T

Op S O S Op S

p p

D r D t

D r D

 

 

 



 

 

 

 
6. The number of handlings at OCT is less than the available capacity at OCT: 

, , , ,, / *2
tp O S tp O S

B B T H

Op S O

p t

D D D TEUF c
 

   
 

   

 
7. When a barge is rented on an agreement per trip, it needs to be used at least 10% of the 

available operating time: 

, , , , , , , , ,

\{ } \{ } \{ }

, , , , , , , , ,min

\{ } \{ } \{ }

* * * * 0 or otherwise

* * * * *

B B B B

b tO S tO b tM S tM S b tp S tp b Op S Op

t S O t S O t S O p p

B B B B

b tO S tO b tM S tM b tp S tp b Op S Op b b

t S O t S O t S O p p

n th n th n th n th

n th n th n th n th o

  

  

   

   

    

    
 

This constraint is modeled in AIMMS by adding a binary variable xb . And stating that: 

, , , , , , , , , ,min

\{ { \{ } \{ }

, , , , , , , ,

\{ } \{ } \{ }

*

* * * *  *  

* * * *

*

 
b

B B B B

b tO S tO b tM S tM S b tp S tp b Op S Op b b b

t S O t S O t S O p p

B B B B

b tO S tO b tM S tM b tp S tp b Op S Op b

t S O t S O t S O p p

x

n th n th n th n th o x

n th n th n th n th o


  

  

  

  





    

    
 

 
8. Non-Negative constraints 

,tp S

BD > 0; 
,tp S

TD > 0; 
, ,tp O S

BD > 0; 
, ,tp O S

TD > 0; 
, ,tp M S

BD > 0; 
, ,tp M S

TD > 0; 
,Op S

TD > 0; 
,Op S

BD > 0 

, ,b Op Sn > 0; , ,b tp Sn > 0; , ,b tO Sn > 0; , ,b tM Sn > 0 

{0,1}by   
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Appendix H. Cost structures of  main activities terminals. 
In Table 43 the costs structure of the three main activities of TOCs is given. It can be concluded 
that the handling costs are composed of three types of costs, namely the fixed, semi-fixed and the 
variable costs. In this project the semi-fixed costs are split into a component variable and a 
component fixed. Resulting in the input parameters as given in Appendix X.  

 

Table 43: Cost structures for handling, truck transport and barge transport (Van Rooy, 2010). 

 

Appendix I. Demand Information - Confidential 
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Appendix J. Barging costs parameters - Confidential 
Table 44: Prices per Trip (euro/trip) for the various barges of the terminals 

Table 45: Prices per week for the various barges of the terminals. 

Table 46: Fuel consumption for the various barges of the hub terminal. 

Table 47: Fuel consumption for the various barges on the various connections. 
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Appendix K. Trucking Costs Parameters - Confidential 
Table 48: Trucking cost parameters based on Van Rooy (2010). 

Variable costs per hour: 

 Fixed Cost component / number of operating hours per year. 
o Depreciation costs/year, interest/year, insurances, taxes, Eurovignette, 

general costs and costs for housing, risk. 

 Variable cost component 
o Personnel, general costs and costs for housing, risk. 

Variable costs per km: 

 Fixed Cost component / number of operating km per year. 
o Depreciation costs/year, interest/year, insurances, taxes, Eurovignette, 

general costs and costs for housing, risk. 

 Variable Cost component 
o Maintenance, fuel. 

Appendix L. Handling Costs Parameters - Confidential 
Table 49: Handling Costs parameters (Source: Company representative Brabant Intermodal B.V. - january 2011) 

Appendix M. Prices External Partner - Confidential 
Table 50: Prices charged by the external partner. 
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Appendix N. Summary of  Validation and Verification Tests 
- Checking the input parameters with a company representative. 

- Checking the cost formulas with the formulas of previous research and a company representative. 

- Validating input parameters by distributing a questionnaire to be filled in by the terminal 

representatives. 

- Testing whether the cost calculations are made correct by the program. 

Conclusion:  The program calculates costs according to the formulas as mentioned in this report. 

- Tested whether the constraints are met (monitoring cells in the Excel Output Sheet). 

o Capacity on links > Volumes transported over link. 

o Used capacity of a barge < Available capacity of a barge. 

o Volumes transported = Demand. 

o Rush Orders are all trucked. 

o The handlingscapacity at OCT is not exceeded.  

Conclusion: Since none of the monitoring cells indicate a warning (turn red), it can be concluded 

that no constraint is violated. 

- Tested whether the choices that are made by the software are logical. 

o Priority of Barges. 

o Priority of terminals sending via OCT. 

o Sending via OCT or transporting themselves.  

o Choice of direct barging instead of direct trucking. 

Conclusion: From these tests can be concluded that the choices that are made by the MILP are 
logical in the sense that priority is given to the cheapest barges, priority to transport via OCT is 
given to the terminals that face the highest savings for transporting via OCT, only is transported 
via OCT when this reduces the costs in comparison to transporting individually and only is 
trucked when this is cheaper than barging. 

- Extreme value testing: 

o What happens when the price of an external hub terminal is decreased? 

o What happens when the fuel prices (barging) is  increased? 

o What happens when the volume of OCT is increased until a certain level at which OCT 

is required to use a second barge? 

o What happens when the handling costs are decreased? 

o What happens when the costs for trucking are decreased? 

o What happens when the handling capacity at the hub location is increased? 

o What happens when the minimal required percentage of available operating hours that 

barge that are rented per trip needs to be used is decreased? 

Conclusion: From these tests can be concluded that the outcomes of the model change as 
expected when these parameters are set on some extreme values.
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Appendix O. Output of  the MILP Model 
The changing input parameters  

These changing input parameters are given in three tables. The first table gives the demand that 
needs to be transported after including the volume growth. The second table gives the 
percentages of rush orders and the third table gives the average throughput time in the studied 
scenario.  

Volumes sent over the various links  

This table gives the volumes that need to be transported via the various links. 

Number of trips on the various links  

Based on the volumes that need to be transported over the various links, the number of trips is 
determined by the model. In this output table it is checked by monitoring cells whether all 
demand is transported and the available capacity of the barges is not exceeded.  

Costs  

Finally, there is an output sheet that gives the operational costs of a coalition. These costs are 
divided in some cost components, which makes it easier to check the outcomes.  

Table 51: Demand Information of the grand coalition in the average case scenario. 

Table 52: Percentages of Rush Orders in the grand coalition of the average case scenario. 

Table 53: Barging times between the inland terminals and hub terminals and between the satellite terminals and the 
port terminals. Including a waiting time at the port of 0.5 hours based on the grand coalition assumption in the average 
case scenario. 

Table 54: Volumes sent over the various paths. 

Table 55: Number of trips of the barges between the terminals and the port terminals (blue cells are monitoring cells 
for checking whether the constraints are met). 

Table 56: Minimal operational costs of the grand coalition in the average case scenario.
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Appendix P. Allocation Rules 

 

Proportional (Frisk et al., 2010) Definition Variables Explanation 

     

* ( ),

/

j j

j i N

y w c N i N

w c j c i


  

 
 

yj : The costs allocated 
to player j. 
wj : Participant j‟s stand 
alone cost share of the 
total stand-alone costs. 
c(N) : The total costs of 
the grand coalition.  
c({j}): The stand-alone 
costs for player j. 

This allocation 
rule, allocates 
costs 
proportional to 
the share of a 
player‟s stand 
alone costs in the 
total stand alone 
costs. 

Shapley value Definition Variables Explanation 

 
     

\{ }

! 1 !
( )

!
t

S N t

S n S
v v S t v S

n




 
    

|S| : The number of 
collaborating partners in 
coalition S. 
|N|: The number of 
collaborating partners in 
the grand coalition N. 
v(S): the value of 
coalition S. 

This method 
allocates to each 
participant the 
average marginal 
contribution, 
based on a 
complete random 
order of entering 
of participants 

Seperable and Non-Seperable Costs (Frisk et 
al., 2010) 

Definition Variables Explanation 

( )
j

j j

i

i N

w
y m g N

w


 


 
yj  : Cost allocation to 
participant j. 
mj : Seperable costs for 
participant j. 

 ( ) ( )jm c N c N j    

wj : Weighting for 
participant j based on 
some weighting method. 
g(N): Non-seperable 
costs. 

( ) ( ) j

j N

g N c N m


   

The idea of this 
principle is to 
allocate to each 
participant its 
separable costs 
and then divide 
the non-separable 
costs based on 
some weight 
measure to all 
participants. 

Weighting Methods: 
Equal Charge Method;  
Non-Seperable Costs/Number of Partners 
Alternative Cost Avoided Methodology; 

  j jw c j m   

Cost Gap Method; 

:min ( ) ( ) ( )j S j S j

j S

w g S with g S c S m



    

Nucleolus   

This description of the Nucleolus is based on Slikker (2010): 
 
The Nucleolus is defined for games with a nonempty permutation set only. In order to define the 
Nucleolus, the concept of  „ordering function‟ and „lexicographic order‟ needs to be defined. If K 

is a finite set then the ordering function on K is the function :
KK K  defined by the 

following subsequent steps:  1 ( ) minK

jx x j K   . Choosing 1j K such that 
11 ( )K

jx x  , 

 2 1( ) min \{ }K

jx x j K j   , etc. For ,
K

x y  it holds that x is lexicographically larger than y 

if there exists an s such that xi=yi for all i<s and xs>y. 
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Based on this definition, the Nucleolus is defined as follows: 

For a payoff vector Nx define the satisfaction of coalition M N as: 

( , ) ( )
i M

s M x c M x


  . Let ( )x have the satisfactions of the payoff vector x ordered 

increasingly, hence it needs to hold that    2( ) ,
N

M N
x s M x 


 . Then the Nucleolus 

( , )v N c is defined, if the imputation set is not empty, as the vector in the imputation set whose   

is lexicographically maximal. 

EPM (Frisk et al., 2010) Definition Variables Explanation 

     

min

, ( , )

( ), ,

( )

0

ji

j

j S

j

j N

i

f

yy
f i j

c i c j

y c S S N

y c N

y i





  

 



  





 

C({i}) : Stand-alone 
costs for player i. 
yi :  Cost allocated to 
player i. 
c(S) : Costs for coalition 
S. 
c(N) : Costs for the 
grand Coalition N. 

Minimizes the 
maximum 
difference in 
pairwise 
relative savings 

WRSM (Liu et al., 2010)   

     
. ,

( )

( )

j ji i

i

i S

i

i N

Minimize f

yy
s t f i j N

c i c j

y v S S N

y v N







   

  







 

C({i}) : Stand-alone 
costs for player i. 

I: Contribution ratio 
of player i. 
yi :  Cost allocated to 
player i. 
v(S) : Value for 
coalition S. 
v(N) : Value for the 
grand Coalition N. 

Minimizes the 
maximum 
difference in 
pairwise 
relative 
savings, by 
including the 
contribution 
differences. 
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Appendix Q.  Balancedness of  a Game 
The description below of the balancedness of games is based on Slikker (2010). 

Bondareva (1963) and Shapley (1967) identify the class of games that have a non-empty core as 

the class of balanced games. To describe this class, a vector Se  by S

ie =1 for all i S and for all 

0S

ie  for all \i N S . A map : 2 \{ } [0,1]N    is balanced if it holds that 

2 \{ }

( )
N

S N

S

S e e
 

 . (2N = all subsets of N).  

A collection 2 \{ }NB  is called balanced on N if there is a balanced map  on N such that: 

 2 \{ }| ( ) 0NB S S     

Finally, a game is called balanced if for every balanced map : 2 \{ } [0,1]N    it holds that: 

2 \{ }

( ) ( ) ( ).
NS

S v S v N
 

 . 

For a game with |N|=4 the following balancedness criteria hold (Karsten, 2009): 

v({1,2,3,4}) > v({1,2})+v({3,4})  
v({1,2,3,4}) > v({1,3})+v({2,4}) 
v({1,2,3,4}) > v({1,4})+v({2,3}) 
 
v({1,2,3,4}) > v({1,2,3})+v({4})  
v({1,2,3,4}) > v({1,2,4})+v({3}) 
v({1,2,3,4}) > v({1,4,3})+v({2}) 
v({1,2,3,4}) > v({4,2,3})+v({1}) 
 
v({1,2,3,4}) > v({1,2})+v({3})+v({4}) 
v({1,2,3,4}) > v({1,3})+v({2})+v({4}) 
v({1,2,3,4}) > v({1,4})+v({2})+v({3}) 
v({1,2,3,4}) > v({2,3})+v({1})+v({4}) 
v({1,2,3,4}) > v({2,4})+v({1})+v({3}) 
v({1,2,3,4}) > v({3,4})+v({1})+v({2}) 
 
v({1,2,3,4}) > .5v({1,2,3})+.5v({1,2,4})+.5v({3,4}) 
v({1,2,3,4}) > .5v({1,3,4})+.5v({2,3,4})+.5v({1,2}) 
v({1,2,3,4}) > .5v({2,4,1})+.5v({2,4,3})+.5v({1,3}) 
v({1,2,3,4}) > .5v({2,3,1})+.5v({2,3,4})+.5v({1,4}) 
v({1,2,3,4}) > .5v({1,4,2})+.5v({1,4,3})+.5v({2,3}) 
v({1,2,3,4}) > .5v({1,3,2})+.5v({1,3,4})+.5v({2,4}) 
 
v({1,2,3,4}) > v({1})+v({2})+v({3})+v({4}) 
v({1,2,3,4}) > 1/3v({1,2,3})+1/3v({1,2,4})+1/3v({1,3,4})+1/3v({2,3,4}) 
 
v({1,2,3,4}) > .5v({1,2})+.5v({1,3})+.5v({2,3})+ v({4}) 
v({1,2,3,4}) > .5v({1,2})+.5v({1,4})+.5v({2,4})+ v({3}) 
v({1,2,3,4}) > .5v({1,4})+.5v({1,3})+.5v({4,3})+ v({2}) 
v({1,2,3,4}) > .5v({4,2})+.5v({4,3})+.5v({2,3})+ v({1}) 
 
v({1,2,3,4}) > .5v({1,2,3})+.5v({1,4})+.5v({2,4})+.5v({3}) 
v({1,2,3,4}) > .5v({1,4,3})+.5v({1,2})+.5v({2,4})+.5v({3}) 
v({1,2,3,4}) > .5v({2,4,3})+.5v({1,2})+.5v({1,4})+.5v({3}) 
v({1,2,3,4}) > .5v({1,2,4})+.5v({3,1})+.5v({3,2})+.5v({4}) 
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v({1,2,3,4}) > .5v({1,3,4})+.5v({2,1})+.5v({2,3})+.5v({4}) 
v({1,2,3,4}) > .5v({2,3,4})+.5v({1,2})+.5v({1,3})+.5v({4}) 
v({1,2,3,4}) > .5v({1,2,3})+.5v({2,4})+.5v({3,4})+.5v({1}) 
v({1,2,3,4}) > .5v({1,2,4})+.5v({2,3})+.5v({3,4})+.5v({1}) 
v({1,2,3,4}) > .5v({1,3,4})+.5v({2,3})+.5v({2,4})+.5v({1}) 
v({1,2,3,4}) > .5v({2,1,3})+.5v({1,4})+.5v({3,4})+.5v({2}) 
v({1,2,3,4}) > .5v({2,1,4})+.5v({3,1})+.5v({3,4})+.5v({2}) 
v({1,2,3,4}) > .5v({2,3,4})+.5v({1,3})+.5v({1,4})+.5v({2}) 
 
v({1,2,3,4}) > 2/3v({1,2,3})+1/3v({1,4})+1/3v({2,4})+1/3v({3,4}) 
v({1,2,3,4}) > 2/3v({1,2,4})+1/3v({1,3})+1/3v({2,3})+1/3v({3,4}) 
v({1,2,3,4}) > 2/3v({1,3,4})+1/3v({1,2})+1/3v({2,3})+1/3v({2,4}) 
v({1,2,3,4}) > 2/3v({2,3,4})+1/3v({1,2})+1/3v({1,3})+1/3v({1,4}) 
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Appendix R. Scenario Settings 
Table 57: Settings of the parameters in the average case scenario. 

Changing Parameters 

  Percentage 
growth 
Natural (%) 

Percentage 
growth 
Reliability(%) 

Percentage Rush Orders(%) Average 
Waiting 
Times 
Port(hours) 

      ITV ROCW BTT OCT   
"ITV" 5.0% 0.0% 6.0%       2.5 
"ROCW" 5.0% 0.0%   5.0%     2.5 
"BTT" 5.0% 0.0%     30.0%   2.5 
"OCT" 5.0% 0.0%       5.0% 2.5 
"ITV-ROCW" 5.0% 0.5% 5.5% 4.5%     2.5 
"ITV-BTT" 5.0% 0.5% 5.5%   29.0%   2.5 
"ITV-OCT" 5.0% 0.5% 5.5%     4.5% 2.5 
"ROCW-BTT" 5.0% 0.5%   4.5% 29.0%   2.5 
"ROCW-OCT" 5.0% 0.5%   4.5%   4.5% 2.5 
"BTT-OCT" 5.0% 0.5%     29.0% 4.5% 2.5 
"ITV-ROCW-BTT" 5.0% 1.5% 4.5% 3.5% 27.0%   2.5 
"ITV-ROCW-OCT" 5.0% 1.5% 4.5% 3.5%   3.5% 2.5 
"ITV-BTT-OCT 5.0% 1.5% 4.5%   27.0% 3.5% 2.5 
"ROCW-BTT-OCT" 5.0% 1.5%   3.5% 27.0% 3.5% 2.5 
"ITV-ROCW-BTT-OCT" 5.0% 3.0% 3.0% 2.0% 24.0% 2.0% 0.5 

 
Natural demand growth 
Worst case scenario:  All percentages in the first column (Table 57) are set on 0 

%, the other parameters remain equal to the average case. 

Average case scenario:   The percentage as given in the average case setting (Table 
57). 

Best case scenario: All percentages in the first column (Table 59) are set on 10 
%, the other parameters remain equal to the average case. 

 
Percentage growth reliability: 
Worst case scenario: All percentages in the second column (Table 59) are set on 

0 %, since in this case it is assumed that there is no growth 
due to an improved reliability. The other parameters 
remain the same as in the average case. 

Average case scenario: The percentages as given in the average case setting (Table 
59). 

Best case scenario: The percentages as given in Table 60. 
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Table 58: Settings of the parameters in the best case scenario of the scenario analysis regarding the percentage growth 
as a consequence of an increased reliability. 

Changing Parameters 

  Percentage 
growth 
Natural (%) 

Percentage 
growth 
Reliability 
(%) 

Percentage Rush Orders(%) Average 
Waiting 
Times 

Port(hours) 

      ITV ROCW BTT OCT   
"ITV" 5.0% 0.0% 6.0%       2.5 
"ROCW" 5.0% 0.0%   5.0%     2.5 
"BTT" 5.0% 0.0%     30.0%   2.5 
"OCT" 5.0% 0.0%       5.0% 2.5 
"ITV-ROCW" 5.0% 1.0% 5.5% 4.5%     2.5 
"ITV-BTT" 5.0% 1.0% 5.5%   29.0%   2.5 
"ITV-OCT" 5.0% 1.0% 5.5%     4.5% 2.5 
"ROCW-BTT" 5.0% 1.0%   4.5% 29.0%   2.5 
"ROCW-OCT" 5.0% 1.0%   4.5%   4.5% 2.5 
"BTT-OCT" 5.0% 1.0%     29.0% 4.5% 2.5 
"ITV-ROCW-BTT" 5.0% 3.0% 4.5% 3.5% 27.0%   2.5 
"ITV-ROCW-OCT" 5.0% 3.0% 4.5% 3.5%   3.5% 2.5 
"ITV-BTT-OCT 5.0% 3.0% 4.5%   27.0% 3.5% 2.5 
"ROCW-BTT-OCT" 5.0% 3.0%   3.5% 27.0% 3.5% 2.5 
"ITV-ROCW-BTT-OCT" 5.0% 6.0% 3.0% 2.0% 24.0% 2.0% 0.5 

 

Percentage Rush Orders 
Worst case scenario:    The percentages as given in Table 61. 

Table 59: Setting parameters in the worst case scenario for the rush order scenario analysis. 

Changing Parameters 

  Percentage 
growth 
Natural (%) 

Percentage 
growth 
Reliability(%) 

Percentage Rush Orders(%) Average 
Waiting 
Times 
Port(hours) 

      ITV ROCW BTT OCT   
"ITV" 5.0% 0.0% 6.0%       2.5 
"ROCW" 5.0% 0.0%   5.0%     2.5 
"BTT" 5.0% 0.0%     30.0%   2.5 
"OCT" 5.0% 0.0%       5.0% 2.5 
"ITV-ROCW" 5.0% 0.5% 6.5% 5.5%     2.5 
"ITV-BTT" 5.0% 0.5% 6.5%   31.0%   2.5 
"ITV-OCT" 5.0% 0.5% 6.5%     5.5% 2.5 
"ROCW-BTT" 5.0% 0.5%   5.5% 31.0%   2.5 
"ROCW-OCT" 5.0% 0.5%   5.5%   5.5% 2.5 
"BTT-OCT" 5.0% 0.5%     31.0% 5.5% 2.5 
"ITV-ROCW-BTT" 5.0% 1.5% 7.5% 6.5% 33.0%   2.5 
"ITV-ROCW-OCT" 5.0% 1.5% 7.5% 6.5%   6.5% 2.5 
"ITV-BTT-OCT 5.0% 1.5% 7.5%   33.0% 6.5% 2.5 
"ROCW-BTT-OCT" 5.0% 1.5%   6.5% 33.0% 6.5% 2.5 
"ITV-ROCW-BTT-OCT" 5.0% 3.0% 9.0% 8.0% 36.0% 8.0% 0.5 

 
Average case scenario: The percentages as given in the average case setting (Table 

59). 
Best case scenario:   The percentages as are given in Table 62. 
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Table 60: Parameter settings for the best case scenario for the rush order scenario analysis. 

Changing Parameters 

  Percentage 
growth 
Natural (%) 

Percentage 
growth 
Reliability(%) 

Percentage Rush Orders(%) Average 
Waiting 
Times 
Port(hours) 

      ITV ROCW BTT OCT   
"ITV" 5.0% 0.0% 6.0%       2.5 
"ROCW" 5.0% 0.0%   5.0%     2.5 
"BTT" 5.0% 0.0%     30.0%   2.5 
"OCT" 5.0% 0.0%       5.0% 2.5 
"ITV-ROCW" 5.0% 0.5% 5.2% 4.2%     2.5 
"ITV-BTT" 5.0% 0.5% 5.2%   28.3%   2.5 
"ITV-OCT" 5.0% 0.5% 5.2%     4.2% 2.5 
"ROCW-BTT" 5.0% 0.5%   4.2% 28.3%   2.5 
"ROCW-OCT" 5.0% 0.5%   4.2%   4.2% 2.5 
"BTT-OCT" 5.0% 0.5%     28.3% 4.2% 2.5 
"ITV-ROCW-BTT" 5.0% 1.5% 3.5% 2.5% 25.0%   2.5 
"ITV-ROCW-OCT" 5.0% 1.5% 3.5% 2.5%   2.5% 2.5 
"ITV-BTT-OCT 5.0% 1.5% 3.5%   25.0% 2.5% 2.5 
"ROCW-BTT-OCT" 5.0% 1.5%   2.5% 25.0% 2.5% 2.5 
"ITV-ROCW-BTT-OCT" 5.0% 3.0% 1.0% 0.0% 20.0% 0.0% 0.5 

  
Waiting Time Reduction 
Worst case scenario: The percentages as given in the average case setting (Table 

59), only the waiting time in the grand coalition is changed 
to 2.5. 

Average case scenario: The percentages as given in the average case setting (Table 
59). 

Best case scenario:  The percentages as given in the average case setting (Table 
59), only the waiting time in the grand coalition is changed 
to 0. 
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Appendix S. Determination of  the Shapley Value 
Table 61: Determination of the Shapley value. 

Shapley value 

Order Player 1 (ITV) Player 2 (ROCW) Player 3 (BTT) Player 4 (OCT) 

1-2-3-4  €                        -     €           97.229,26   €         252.364,06   €     1.134.508,02  
1-2-4-3  €                        -     €           97.229,26   €     1.002.761,00   €         384.111,07  
1-3-2-4  €                        -     €         268.479,86   €           81.113,46   €     1.134.508,02  
1-3-4-2  €                        -     €     1.018.497,94   €           81.113,46   €         384.489,93  
1-4-2-3  €                        -     €         417.445,07   €     1.002.761,00   €           63.895,26  
1-4-3-2  €                        -     €     1.018.497,94   €         401.708,13   €           63.895,26  
2-1-3-4  €         97.229,26   €                           -     €         252.364,06   €     1.134.508,02  
2-1-4-3  €         97.229,26   €                           -     €     1.002.761,00   €         384.111,07  
2-3-1-4  €       212.151,34   €                           -     €         137.441,97   €     1.134.508,02  
2-3-4-1  €       864.216,52   €                           -     €         137.441,97   €         482.442,84  
2-4-1-3  €       249.780,31   €                           -     €     1.002.761,00   €         231.560,02  
2-4-3-1  €       864.216,52   €                           -     €         388.324,79   €         231.560,02  
3-1-2-4  €         81.113,46   €         268.479,86   €                           -     €     1.134.508,02  
3-1-4-2  €         81.113,46   €     1.018.497,94   €                           -     €         384.489,93  
3-2-1-4  €       212.151,34   €         137.441,97   €                           -     €     1.134.508,02  
3-2-4-1  €       864.216,52   €         137.441,97   €                           -     €         482.442,84  
3-4-1-2  €       280.102,16   €     1.018.497,94   €                           -     €         185.501,23  
3-4-2-1  €       864.216,52   €         434.383,58   €                           -     €         185.501,23  
4-1-2-3  €         63.895,26   €         417.445,07   €     1.002.761,00   €                           -    
4-1-3-2  €         63.895,26   €     1.018.497,94   €         401.708,13   €                           -    
4-2-1-3  €       249.780,31   €         231.560,02   €     1.002.761,00   €                           -    
4-2-3-1  €       864.216,52   €         231.560,02   €         388.324,79   €                           -    
4-3-1-2  €       280.102,16   €     1.018.497,94   €         185.501,23   €                           -    
4-3-2-1  €       864.216,52   €         434.383,58   €         185.501,23   €                           -    
Sum  €   7.153.842,69   €     9.284.067,16   €     8.909.473,29   €   10.271.048,82  

Average  €       298.076,78   €         386.836,13   €         371.228,05   €         427.960,37  
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Appendix T. Check for properties of  the game and properties 
of  the allocation rule/vector - Confidential 

 

Table 62: Check Monotonicity property. Coalitional game (N,v) is monotonic if for all with it 

holds that . 

Table 63: Check additivity property.  Coalitional game (N,v) is additive if for each it holds that 

. 

Table 64: Check Efficiency property . 

Table 65: Check individual rationality property . 

Table 66: Check superadditivity property Coalitional game (N,v) is superadditive if for each with 

it holds that . 

Table 67: Check stability property

 

 

Table 68: Check convexity of the game (a selection of the checks is given; convexity means that it should hold that 

Coalitional game (N,v) is convex if for each i N and for all  , \S T N i with S T it holds that 

         .v S i v S v T i v T      

Table 69: Check whether allocation is a core element based on the balancedness conditions (Appendix Q). 
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Appendix U. Values coalitions in the various scenarios 
 

 

Figure 18: The value of the various coalitions in the demand growth as a consequence of an improved reliability 
scenario. 

 

Figure 19: The value of the various coalitions in the rush order percentages scenario. 
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Figure 20: The value of the various coalitions in the waiting time reduction scenarios. 
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Appendix V. Scientific Poster 
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