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1 EXECUTIVE SUMMARY 

This summary provides concise overview of the results obtained from the work done for this 

deliverable.  

1.1 Problem definition 
An Overarching Decision Analysis Model (ODAM) is to be developed that allows a viability assessment 

of the Vessel Train (VT) concept. 

1.2 Technical approach and work plan  
The tasks within the development of the ODAM are: 

o T1.2.1: Prepare Terms of Reference (ToR) for the ODAM assessment framework 

o T1.2.2: Develop the ODAM framework 

o T.1.2.3: Develop a method of aggregation, normalisation and weighting of WPs’ PIs into 

indices that will be used in the ODAM model 

o T1.2.4: ODAM–method test and validation for VT-variant assessment  

o T1.2.5: Prepare the task deliverable 

1.3 Results  
The ODAM needs to provide quantitative results for the individual actors1 in the VT to help assessing: 

o If the VT provides benefits to the various affected stakeholders in the transport system 

o If the VT provides benefits to the society 

The ODAM structure is split into ten different modules. Modules 1&2 concern the direct (capital, 

voyage and operational) costs for and external costs from the vessel operator, modules 3&4 do the 

same for the VT operator and modules 6&7 for the actors that are in charge of cargo handling and the 

end delivery. Module 5 adapts the cost information into the VT formation and module 8 includes the 

transport logistics costs, whilst modules 9&10 are assessment steps to benchmark different modes of 

transport and adapt the viability of the specific business case that is investigated. 

A large number of cost elements have been gathered, which are all in some way related to the cost 

model of the VT. 

A four stage aggregation method has been developed that assesses cost elements based on the 

following three elements, to determine if and at what stage each cost element should be imbedded 

into the model. 

o Impact 

o Data availability  

o Calculation complexity 

The results of the verification of the ODAM elements show that the ODAM procedure and calculations 

are in line with already published transport models and analyses. This validates the results that will be 

obtained from testing different scenarios.  

                                                      
1 In the present report, the term ‘actors’ has the meaning with the term ‘stakeholders’, which is alternatively 
used throughout the paper to avoid repetition.  
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1.4 Conclusions and recommendations 
From the generic overview, one can see that 20 % of the cost elements can be neglected from the 

original list. About 40 % of the elements will be integrated at an early stage of the model development 

and the rest is case dependent, when more information about the concept is known. 

The recommendations concerning further research for the VT concept focus on the crew role that is 

reduced from the follower vessels (FVs) as well as on the identification of the crew requirements for 

the monitoring tasks on the lead vessels (LVs). On top of that, it is also recommended to research the 

effects of waiting times caused by insufficient number of FVs.  
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2 INTRODUCTION 

The introduction describes the specific sub-tasks of WP1 that are discussed and elaborated upon in 

this deliverable. It explains how these tasks interlink and lists specific actions required to be taken as 

part of each of these tasks. 

2.1 Tasks and Purpose  

The original proposal document states these deliverable’s objectives to be: 

“The viability of a VT cannot be assessed by simply adding the results of individual WPs, as these results 
interact, especially in relation to the VT economic viability. The costs and benefits from WPs 2-6 
together determine the costs of a VT-variant […]. For safety and environmental performance, similar 
interrelations exist. Task T1.2 will thus develop an overarching assessment framework, in which 
individual results are merged and assessed as part of the greater whole.” 

The sub-tasks, which have been identified within the proposal, need to be addressed throughout this 

deliverable. These are identified to be the following: 

• T1.2.1: Prepare Terms of Reference (ToR) for the ODAM assessment framework 

• T1.2.2: Develop the ODAM framework 

• T.1.2.3: Develop a method of aggregation, normalisation and weighting of WPs’ PIs (cost 

elements) into indices that will be used in the ODAM model 

• T1.2.4: ODAM–method test and validation for VT-variant assessment  

• T1.2.5: Prepare the task deliverable 

2.2 Analysis 

The first stage of the ODAM development, which is imbedded in T1.2.1, is the identification of the type 

of answers that the ODAM is to provide, together with a clear description on how these answers should 

look. T1.2.2 bases its model structure, in which it becomes clear how different actors interact on 

exactly these ToR. Also, part of the framework setting of the ODAM is the identification of all the 

possible cost elements that may be affecting any actor within the VT concept. The third sub-task aims 

to prioritize the different cost elements and by doing to achieve aggregation and normalization of the 

results that are expected from each element. Based on this prioritization, certain PIs may be examined 

in the early stages of the ODAM development, whilst others may be ‘pushed back’ for the later stages 

or may be completely disregarded from any further assessment. The final sub–task is used to verify 

the aggregated set of cost elements. 

2.3 Approach 

The approach taken for each of the sub-tasks is split into specific actions, which are elaborated below. 

T1.2.1: Prepare Terms of Reference (ToR) for the ODAM assessment framework 

• Determine circumstances under which the VT concept can be viable 

• Determine the stakeholders that are affected by the implementation of the VT 

T1.2.2: Develop the ODAM framework 

• Design an ODAM structure in which the ToR are met  

• Ensure that the assessment and variation in scenarios can be accommodated in the structure 
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• Research possible cost elements that may be impacting the VT concept  

• Cluster the cost elements into structured cost categories that allow a better overview for the 

assessment and variations  

T.1.2.3: Develop a method of aggregation, normalisation and weighting of WPs’ PIs into indices that  

 will be used in the ODAM model 

• Develop a method of aggregation and normalisation 

• Apply the developed method by extended research of the cost elements 

• Provide the remaining cost elements for implementation to the transport model 

T1.2.4: ODAM–method test and validation for VT-variant assessment  

• Compare the aggregated results of the PIs with existing projects in maritime cost modelling 

A point that becomes apparent throughout this deliverable is the closeness of the WP1 with the WP2 

research (on Transport System). Part of the description of WP1, on how the assessment is structured, 

describes the PIs and provides the cost elements that are part of the overall social cost benefit analysis 

(SCBA). Many of these elements are explained and calculated within WP2. The WP roles can thus be 

described in the following manner: WP1 describes the approach, whilst WP2 provides the calculations 

of the VT cost model.   
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3 PLAN 

3.1 Objectives  

The objective of the plan is to accomplish all activities set by the individual sub-tasks and thereby 

develop the ODAM in such a way that it meets all requirements. 

3.2 Planned activities   

The specific actions needed to be accomplished for each sub-task to be a success have been presented 

in the approach (section 2.3). These activities are the planned activities with the added activity of 

having to write the deliverable report. All these activities are presented in the Gantt chart of the 

timeline (Figure 1). 

3.3 Resources and involved partners 

The main part of the work for the development of the ODAM is done by UANTW and TUD. MARLO 

provides also some input with regards to the cargo side of the operations, i.e. the sorting and storage 

cost estimations.  

The work split between UANTW and TUD is mainly based on the following: 

• TUD focuses on the economic private costs that are related directly to the vessels and are 

created due to the operations of the vessel, but not on authority or service pricing related 

costs. 

• UANTW focuses on the social external costs within the VT transport system as well as on any 

societal cost that these external costs may cause. 

An overview of the work split, with regards to specific cost elements, which will be later discussed in 

more detail, can be found in Table 1. 
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 Cost elements of Actors Responsible partner 

Fixed 

Cost 

Capital Cost 

Technologies installed on board TUD 

Capital cost of refit or new built vessels TUD 

Interest UANTW 

Operational 

Cost 

Insurance UANTW 

Crew cost TUD 

Black and grey water TUD 

Waste management systems on board/port TUD 

Repair and maintenance cost TUD 

Sorting cost MARLO 

Storage cost MARLO 

Overhead cost UANTW 

Variabl
e Cost 

Voyage Cost 

Fuel consumption TUD 

VT dues UANTW 

Port dues UANTW 

Bridge, lock passage cost and canal fees UANTW 

External Cost – 
Congestion 

Congestion created for the end delivery of 
goods 

UANTW 

Speed/flow relations on the water UANTW 

Waiting time at locks and ports UANTW 

External Cost – 

Infrastructure 

Decay to waterways caused by changes in 

displacement UANTW 

Marginal external infrastructure costs 

External Cost – 

Environmental 

Water pollution TUD/UANTW 

Emission of SOx, NOx, CO2, VOC, GHG and PM TUD/UANTW 

Sound pollution  TUD/UANTW 

Light pollution UANTW 

Impact on natural habitat  UANTW 

Accidents TUD/UANTW 

Table 1: Involvement of partners 

3.4 Timeline 

The timeline for the completion of this deliverable is between months 6 and 23 of the NOVIMAR 

project. The individual tasks have been planned into a Gantt chart (see Figure 1) that provides a more 

detailed overview of the planned time spent on each of the tasks. 
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Figure 1: Gantt Chart of Timeline 
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4 PLAN EXECUTION 

4.1 Introduction  

This section summarizes the fact that the plan was executed as expected. 

4.2 Performed activities  

All planned activities were performed as expected, hence see the approach section of the introduction 

for the list of the performed activities. 

Envisaged activities: 

• Sub-task T1.2.1: Prepare Terms of Reference (ToR) for the ODAM assessment framework 

• Sub-task T1.2.2: Develop the ODAM framework 

• Sub-taskT1.2.3: Develop a method for aggregation, normalisation and weighting of WPs’ PIs 

into indices that will be used in the ODAM model 

• Sub-task T1.2.4: ODAM–method test and validation for VT-variant assessment 

• Sub-task T1.2.5: Prepare the task deliverable 

Role of the partners: 

• UANTW (leader) with TUD develop and test the ODAM method and prepare the task 

deliverable 

Input/output relations: 

• Task T1.2 receives input from task T1.1 

Task T1.2 provides output to tasks T1.3, T1.5, T1.6. 

4.3 Deviations from the plan 

No major deviations from the plan were encountered. 
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5 RESULTS 

5.1 Introduction  

This chapter provides the results of each individual sub-task of the deliverable. The purpose of the 

ODAM and the affected actors are identified. Furthermore, a step by step description of the ODAM 

structure and the interrelation between the different actors within the structure is provided, as well 

as an extensive list of all possible factors that are in any way related to the costs created within the VT 

transport system. The third section explicates the approach taken in the aggregation of the list of the 

cost elements and provides a detailed description about which of these elements are integrated into 

the model at an earlier or later stage and which will be completely disregarded for the assessment. 

The final section simply serves to reassure that the final set of cost elements is indeed comparable to 

existing cost models that have been verified and validated.  

5.2 Terms of Reference of the ODAM (sub-task 1.2.1) 

There are four main ToR that apply to the VT concept and thus by default also to the ODAM. The first 

two ToR relate to the cost, while the last two relate to the operational aspects of the VT. 

1) Does it provide private benefits to the various affected stakeholders in the transport system?  

A solution will only work if all stakeholders with decision power benefit. If this is not the case, 

a solution will have to be found to replace a losing actor with a more beneficial stakeholder. 

2) Does it provide social benefits? (WP1 addition to the outputs of WP2) 

3) How does the navigation of the VT work? (WP3) 

4) Is the VT concept safe? (WP5) 

Knowing these ToR, it has to be pointed out that 3 and 4 will be taken as given outputs in the form of 

standalone solutions from WP3 and WP5, and will as such not be elaborated upon in this deliverable. 

The assessment of all these four topics helps to determine whether a VT variant is a desirable 

alternative to conventional inland waterway transport (IWT), Short Sea Shipping (SSS) and Sea-river 

transportation. Another ToR that is more directly related to the ODAM is the requirement for 

quantifiable data (see Table 2 & Annex B). The data will make the assessment of the VT concept’s 

viability possible and the determination of the extent of remedial actions to be taken to make the 

concept viable. 

 

To determine the VT’s benefit to society, the societal costs created are examined. For this analysis, it 

is important to be able to assess costs per stakeholder. To study differences in conventional IWT, the 

following relevant stakeholders are selected: 

A) The IWT/SSS/Sea-river vessel owners  

B) VT operators 

C) The shipper/cargo owner  

D) Others that are not directly affected, like the transport operators that provide 

pre/end haulage and cargo handling. 
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The reason why the stakeholder group ‘D’ is included is not to determine if they benefit from the 

concept, since for them the situation will be equivalent to current operations. However, they are 

considered as part of the overall supply chain, since they create costs that are of relevance for the 

cargo owner. These costs need to be included in order to determine the benefits for the cargo owners, 

but also in order to provide a fair ground of comparison for the VT, towards other modes of transport. 

This forms the basis for the benchmarking of the VT concept and its possible business models. 

Apart from the societal costs, the economic costs are also examined. Figure 2 demonstrates the current 

structure of the cost correlation between the different actors. This approach has been proven to be 

effective in previous studies of IWT competitiveness (Hekkenberg, 2013, ch. 6) and can also be applied 

to the short sea and the sea-river case.  

 

Total logistical cost

Capital cost of the ship Running cost of the ship Required ROI

Required ship rate

IWT operator

 Shipper:

Out of pocket cost 

of waterborne 

transport

Out of pocket cost of 

handling, pre haulage 

& end haulage

Cost of cycle 

stock

Cost of safety 

stock

Cost of stock-

in-transit

Market conditions Actual ship rate

=

 

Figure 2: Existing cost model approach from previous study (Hekkenberg 2013) 

The element of economic costs of the ODAM is based on this structure with the addition of the relevant 

stakeholders (see Figure 5). The new actor that is introduced is the VT operator. This actor organizes 

the transport via the VT and controls the VT. The VT operator incurs cost (e.g. through a shore control 

station, the VT control system on board and through operating, possibly, a dedicated LV), but does not 

get income in the same way as the conventional Vessel operators, since a LV does not necessarily carry 

cargo2.   

The assessment of the benefit of the concept for the shipper/cargo owner is usually done by looking 

at the total logistics costs (TLC), either with or without internalizing the external costs.  

                                                      
2 In D.2.3 the different VT business models are developed. Based on these business models, the role of the VT 
operator will be known.   
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5.3 ODAM framework (sub-task 1.2.2)  

This section on the ODAM framework will first focus on the way the ODAM is structured and the 

procedure that it undertakes to calculate the necessary cost elements. Then it will further emphasise 

how the different WPs contribute with specific research actions and results. At first a description of 

the procedural steps is given to emphasise the individual requirements the ODAM will have to 

incorporate within its structure.   

To ensure that all ToR can be successfully imbedded within the ODAM, the overall structure has been 

split into three smaller ones, before coming to overall conclusions. These three assessment blocks are 

the: 1) identification of the waterborne transport costs, 2) the cargo related costs and 3) the 

assessment of the business concepts. The following paragraphs explain the steps. The waterborne 

transport cost are deduced from the technical specification of the vessel, whilst the cargo make up the 

missing link to the rest of the supply chain for the overall transport system. The final category of the 

assessment is representative of the final goal that is to be achieved with use of the ODAM and is thus 

separate of the rest of the cost calculations. 

Section 1: Waterborne Transport Costs (private and external) 

i) Determine the economic cost of a VT trip for each individual FV (i.e. those vessels that join 

the train with their cargo and surrender control to the VT operator/LV, and having a 

reduction in crew). This trip cost is comparable to the cost of a conventional vessel trip, 

but it also includes the cost created due to the added technologies that are required for 

the FVs in a VT and also the costs related to the adjustment of the speed, sailing schedule 

and the associated costs as dictated by the VT (VT fee that is paid by the FVs to the VT 

organiser/operator).  

ii) Calculate the external costs for that trip for each individual FV, so that they can be 

internalized if desired. It is important to be aware of where the external costs come from 

and how each actor contributes to them, to be able to potentially internalize these costs 

appropriately. The internalization of the external costs is an additional assessment option 

that can be used to estimate future conditions. If the costs are internalized, these will be 

internalized for all transport modes.  

iii) Determine the economic costs for the VT operator (i.e. costs to operate the LV, 

depreciation of the VT-related equipment etc.). These costs will change with the different 

business cases that are being considered.  

iv) Calculate the external costs for the VT operator. This includes societal costs caused by  the 

LV. The calculation of the external costs per stakeholder/main actor is an important 

element, so as to be able to understand the true origins of the environmental impact and 

hence, if needed, to specifically target support mechanisms to make the transport concept 

efficient.  

v) Sum all economic and, if applicable, internalized external costs and determine how the 

total cost & income shall be divided over all the followers and the VT operator. (Note that 

you can only do this if you know the costs of each individual actor in the train!) 
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Section 2: Cargo Related Costs 

vi) Add the costs (economic and external) of handling and pre/end haulage that are missing. 

These costs are the same as the current cost of cargo handling and haulage. This land side 

cost of the transport system is required to be known for the completeness of the total 

transport cost.  

vii) Calculate the overall external costs for the landside operations. 

viii) Insert all the relevant aspects of the VT operation (cost, reliability, transit time etc.) in the 

relevant parts of the TLC calculation for the shipper; the water based and the landside 

transport costs together for the total transport cost that are of interest for the cargo 

owner. 

Section 3: Assessment of business concepts 

ix) Assess if the VT variants provide benefit to all stakeholders and society and find solutions 

to occurring problems. 

5.3.1    Overall Structure  

Based on the above described approach of the ODAM, a structure to identify the main elements which 

are needed in the assessment has been developed, ensuring every one of the identified tasks are 

incorporated in the overall structure This structure is built up of ten different modules (see Figure 3). 

These modules split up the overall structure into clear segments that allow a comparison between the 

different actors. A visual representation of the interdependence of the stakeholders as well as the 

identification of different calculation levels is provided in the scheme. 

 

 

Figure 3: Identification of the main elements to be included in the ODAM  
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The economic transport costs for the FVs’ operators are calculated in module 1. The impact that each 

operator has on societal welfare is determined in module 2. These external (societal) costs are 

determined for operations within and outside of the VT, to encompass the full impact of each 

individual vessel on society. The societal costs are congestion, infrastructural, environmental and 

accidents related. Individual vessel properties influence both the economic and societal costs, hence 

modules 1 and 2 are computed for a variety of different vessel operators that compose the VT. 

Modules 3 and 4 are the cost assessment equivalent of modules 1 and 2, but with a focus on the VT 

operator. Thereby, costs such as for shore control station that coordinates the formation of VTs are 

integrated into the overhead cost of the VT operator. The societal costs of the module 4 incorporate 

both the costs created by the leading action and the costs added by the tagging of all followers. 

 

Module 5 brings all previous modules together to estimate the total costs of the VT operation. The 

incorporations of the two different types of actors into the VT concept need to be done with caution, 

so as not to double count external cost factors that are present within both modules 2 and 4. As an 

example, a single vessel may add to congestions costs, when the opening of a bridge is needed. This is 

of course increased, when instead of a single vessel now a VT is passing, since there are more vessels. 

Yet, the individual vessel still makes the overall VT longer, so the impact that an individual vessel has 

on a VT is different than the cost impact that it has when it sails on its own. Figure 4 demonstrates in 

a simplified manner the VT costs calculations.  

 

The next cost elements are of interest to the overall transport system but no longer to the actual VT 

operation. Even though the vessel operators are directly influenced by the un/loading, it is the land-

based transportation stakeholder that is concerned with the costs for the final leg. This is the reason 

why a separate emphasis is given to the cargo handling and haulage of the goods in module 6. This 

land-based part of the transportation system of course also brings social cost with it, which is 

elaborated upon in module 7. 

 

Module 8 sums up the information from the VT and the land-based handling to determine the overall 

costs for the cargo owner. Additional to the economic transport costs are stock related costs that are 

Module 1:   Economic Costs of Vessel Operators 
       (where a to n represent different Vessel  
       Operators that can join the VT) 

Module 2:   External Costs from Vessel Operators 
Module 3:   Economic Costs of VT Operators 
Module 4:   External Costs from VT Operators 
Module 5:   Costs for the Entire Train & Cost Distribution Among 
Actors 
Module 6:  Economic Costs of Pre/End Haulage & Handling with 
Different Modes of Transport  
Module 7:   External Costs from Pre/End Haulage & Handling 
Module 8:   Total Logistics Cost of Cargo Owner 
Module 9:   Relation to Benchmark  
Module 10: Adapting Viability 
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dependent on the business strategies (see TLC indicator in D2.1). These stock related costs do not 

create any additional external costs for the given trip. The societal impact is hence included by 

summing the internalized societal costs of the other modules. 

 

The third section of the ODAM will actually analyse the data for various business cases that have been 

created up in module 9. It benchmarks the different business concepts against current cases of 

waterborne and alternative modes of transport, to determine its economic and societal benefit as a 

whole. It is implied in this that the societal costs will of course, also be determined for the other modes 

of transport. Every procedural step that is done to the VT transport system will be equally done to any 

scenario it is compared to, to allow a fair comparison. 

 

The final module 10 gives the opportunity to adapt business cases, which have been deemed 

ineffective by their results. These adaptations can be either conceptually made by trying and reworking 

the circumstances and iterating the entire process back from module 5 onwards or by considering 

governmental support approaches. In the latter case, the societal impact determined within modules 

2, 4 and 7 is compared and brought together to be able to allow cost adjustments. This is the reason 

why it is important to understand the individual societal cost contributions of each actor to the overall 

transport concept. 

 

 

Figure 4: Cost Composition of the VT 

 

The main point of investigating each actor individually, is to calculate the cost difference for the several 

actors. The difference gives the changes that the VT brings compared to the current situation. If there 

is a cost reduction, this will be a net private benefit. If external costs are also included, this determines 

the net societal benefits. 
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Figure 3 describes the approach and structure of the ODAM, yet it is not explicitly mentioned how the 

NOVIMAR project is working towards obtaining information that allows this assessment to be made. 

Figure 5 clarifies how and with what information the different WPs contribute to the ODAM. 

The following inputs are taken from the different WPs: 

- The private economic benefits of the different actors are calculated in WP2 and can be used 

as inputs in the ODAM model. The private benefits are determined for the following actors:  

• The IWT/SSS/Sea-river vessel owners  

• VT operators 

• The shipper/cargo owner  

- In order to calculate the potential societal benefit of the VT, also the external costs of the VT 

along with the other transport modes (rail and road) need to be taken into account. These 

external costs are determined in this deliverable (WP1). 

- WP4 will provide input to WP2, with respect to the new vessel types and the cargo loading 

systems. 

For the navigational aspects, WP3 will deliver a system that either works or does not work. This 

input to the ODAM is therefore a ‘yes’ or ‘no’.  

- For the safety aspects of WP5, the same approach is used. Based on the results of WP5, the 

conclusion can be drawn that either the VT system is safe or it is not. If the VT is not safe, WP5 

can advise on what should be done to make the VT safe. If those measures are brought 

forward, in the ODAM we can accept that that the VT is safe.   

- WP1 provides the data concerning the external costs for the social cost benefit analysis (SCBA). 

This is a part of the ODAM. However, the economic costs calculations need to be also made 

via the model presented in WP2, so as to be able to obtain data differences dependent on the 

different variations of the VT. Thus the external costs are pulled out of WP1, in a form of a 

‘cost per unit per km’ value, and feed back in together with the rest of the economic costs that 

are calculated in WP2. 
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Figure 5: Overall ODAM structure 

5.3.2  External Cost Elements 

Now that the structure of the ODAM is clear, it is time to get to the cost elements that are filled into 

this structure to provide quantitative data for the analysis. In order to ensure that all possible cost 

elements are being considered without risking any areas to be left uncovered by the NOVIMAR 

research, a long list of such elements has been composed. The basis of this list is existing transport 

projects in the maritime sector but also in alternative modes of transport. Secondly, to ensure that 

research and modelling time is used efficiently, a prioritization between the cost elements needs to be 

set, which allows more detailed assessments of the VT concept, if the need arises. Most of the sources 

used as inspiration for the cost elements are SCBA sources.  

 

Examples of studies that are specifically looking at the maritime sector are: van Essen et al. 2012; TRT 

Transortie Territorio Srl, 2007; Jiang, Kronbak, and Christensen n.d.; Kehoe, Connor, and Trant 2010; 

Kretschmann, Burmeister, and Jahn 2017 and Miola et al. 2009. However, also sources such as Apicella, 

Fiorello, Malgieri, & Scatamacchia, 2012, European Commission, 2014, Korzhenevych et al., 2014 and 

Waldhoff, Anthoff, Rose, & Tol, 2014 were either comparing different modes of transport or 

specifically focusing on road. The road transport sector has more data available on external costs 

created by accidents, congestion and noise pollution, than the waterborne transportation sector does. 

The list of the gathered cost elements is presented in Annex B. It also indicates specific references for 

each of the topics. 
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5.4 Method of aggregation, normalisation and weighting of PIs (sub- task 1.2.3)  

This sub-task deals with the development of the method to incorporate the different outputs of the 

different WPs. 

The long list of cost elements that was obtained as a result of the sub-task 1.2.2 needs to be filtered 

on application relevance for the VT concept and data availability on the quantification of each cost 

element.  

To be able to determine the relevance of each of these topics, a four-stage evaluation method has 

been set-up. By the end of the method’s application on the cost elements’ list, detailed information 

on the impact, data availability and calculation complexity is known. 

• The first stage identifies the possible impact of the cost elements compared to the overall 

expected cost. If any cost information of the cost element compared to the total cost of 

transport is known, then this is taken as the main indicator for the classification. If such 

information is not available, a judgement based on source descriptions is made to determine 

the either large/low impact. The impact is dependent on the business case application. 

• The second stage determines whether there are any, and if so, sufficient data available do the 

respective calculations. Sufficient data are identified by either a variety of sources that provide 

values within a similar range and thus form a solid basis of using the value as impute 

assumptions for the model, or by obtaining all data units needed to allow a calculation of the 

cost element within the model. The result answers for this stage are thus: yes or no. 

• The third stage determines the simplicity of the calculations needed to obtain usable data for 

the model. A calculation of high simplicity would be a situation in which standardized values 

can be used for a cost estimation. A calculation of low simplicity or in other words a complex 

calculation requires interpretation and processing of large amounts of data together with 

numerous calculation steps. This categorization of “low” simplicity also considers any kind of 

adjustments needed to normalize all data to a quantitative cost value in Euro. 

• The final categorization takes all the scores from the previous stages into consideration. This 

last categorization is the one that is used as the final prioritization criterion. Here the three 

options are: 1) The cost element is always included into the assessment, 2) the inclusion of the 

cost element is dependent on the business case application3 and may become more relevant 

at a later stage of the VT development, or 3) the cost element is not included in the 

assessment.  

Figure 6 gives the overview of the type of scores given for each decision stage. The purple diamond 

describes a special stage of the categorization. There are cost elements that are known to have a large 

impact on the model, but do not have any data to refer to, since they are directly related to the new 

concept. In such cases, an assumption is set that is mostly based on experts’ opinions. These are 

included in the early stages of the model. The impacts of such cost elements will be further investigated 

                                                      
3 It should be pointed out that the cost elements of the base case (current situation) that is used as a benchmark 
will be the same cost elements of the VT case application, so as the results to be comparable. The ‘new’ cost 
elements that are present in the new situation of the VT application will take a value zero in the base case. 
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throughout the assessment, to understand the effects a miss-estimation may have on the viability of 

the overall concept. 

 

Figure 6: Cost Elements’ Prioritization Method 

Once the entire list of cost elements has been processed with this method, the result will be an 

aggregated and normalized list that allows different cost elements to be prioritized within the model 

development. 

A summary of this final cost element list is provided in Table 2. More detailed information about the 

cost elements, calculations, references and the way they may differ depending on the application of 

the cost element to different transport system actors, is provided in Annex B. Please note that in Annex 

B, the cost elements have been sorted into their respective modules based on the ODAM structure. To 

provide a simplified overview, the summary in Table 2 is structured in the same manner in which the 

work distribution Table 1, in section 3.3, has been presented. 

Category of 
Cost 

Breakdown 
Cost Element Comments 

Prioritization 

Always 2 

Dependent 1 

Not  0 

Capital 
Cost 

Depreciation - 
Ship Cost 

Even though the ship costs are highly dependent on 
the business case chosen for a given scenario, these 
values can be adjusted based on known costs of 
construction for respective vessels. 

2 

Depreciation-VT 
Technology Cost 

This is a cost element that is so far unknown and will 
most likely stay so, for the most part of the VT 
development process. However, educated estimates 
can be set by experts in the consortium. The VT 
technology is one of the predominant features of the 
concept and thus its cost will be based on 

2 
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assumptions. The value of this technology will change 
depending on being a FV or a LV. 

Interest The interest rate is set at 4.5% (Verberght, 2019). 2 

Operationa
l Cost 

Insurance 

Four interviews have been conducted with insurance 
companies (Annex C), asking them what is the 
expected impact of the VT on the insurance costs. The 
common element among all the four interview’ 
answers is that less insurance premium is expected 
thanks to the less crew on board and as a result of the 
less risks for crew claims and increased insurance 
costs due to the additional (unknown at the present 
time) IT system-related additional risks (exposure to 
cyber risks) (René, 2018); (van Geyte, 2018); (Vrints 
2018); (Moens, 2018). 
Initially, costs are expected to increase with 5%-10% 
and after some years, when technology proves itself 
to be safer/less claims active, insurance costs might 
decrease (10% at year 6) (van Geyte, 2018) (see 
Annex C). 

2 

Crew Cost 

The crew cost per crew member and number of crew 
members vary significantly depending on the sector 
in which the vessel operates and the amount of cargo 
that is transported. Furthermore, even the nationality 
of the crew members makes a significant difference 
to the crew cost for SS vessels. Due to the large 
amount of uncertainty surrounding this cost element, 
it is important to perform analysis on a wide range of 
different circumstances to ensure that the effect of 
changing crew is fully understood from an early stage 
into the concept development.  

2 

Black and grey 
water These may change depending on the amount of crew 

members on board. The environmental footprint of 
the concept will improve but the cost reduction for 
the operators will be very small. 

1 

Waste 
management 
systems on 
board/port 

1 

Maintenance cost 

Repair and maintenance costs make up a noticeable 
chunk of the vessel’s annual costs, which is the reason 
why they are included in the ODAM from the start. It 
has to be said however that there is no real trend in 
the identifications of these costs on a vessel and 
operation bases, which makes it not possible to 
accurately predict them. 

2 

Sorting cost 
These are elements that will affect the effectiveness 
of the VT but not the viability of the concept itself, 
since these are independent concepts from the 
overall VT. Notable time within the NOVIMAR 
research is dedicated towards the development of 

1 

Storage cost 1 
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this system, so it may be added into the model at a 
later stage in a form of a plug-in. 

Voyage 
Cost 

Fuel consumption 
This cost element contributes significantly to the 
overall cost and will change depending on the 
business case chosen.  

2 

VT dues 

VT dues are the fees that need to be paid by the vessel 
owner/operator of the FVs to the vessel operator of 
the LV. The VT operator can be either a large shipping 
company creating a VT using its own vessels or a third 
party service provider. In the former case, the cost of 
operating the LV will be included in the cost of the LV. 
In the latter case, the VT operator’s costs are to be 
transferred to the FVs. The VT dues are determined 
by the marginal cost per FV. For the application in this 
model (see (van Hassel et al. 2018)), the VT dues are 
determined by an average cost plus a mark-up (the 
profit margin in the case the VT operator is not the 
same as the FV operators). The VT dues are 
determined using the following equation:  

DUES VTVT =AC .(1 )PM+ 4 

ACVT: average VT cost; PM: Profit Margin 
(van Hassel et al., 2018: D2.2, Annex C). 

2 

Port dues 

Port dues can be categorised into port dues for ship-
related services and for crew-related services. The 
service level for vessels of different size may differ, 
depending on the number of crew members and the 
technology on board. Many of the port services, such 
as for example the storage of cargo, are not related 
to the vessel operations as such, but need to be 
added to the overall system analysis, thus these are 
only going to be added to case dependent 
calculations (van Hassel et al., 2018: D2.2, Annex B). 

1 

 

 

Bridge, lock passage 
cost and canal fees 

Fairway dues (which do not exist in the 
Netherlands and on the Rhine) for Flanders are 
also very low. In a case study on the Danube, 
these may have a larger impact, thus the cost 
element is included depending on the case. 

1 

External Cost – 
Congestion 

Congestion created for 
the end delivery of 

goods 

Inland waterways: 0.4 euro/TEU*km 
SSS: 0 
Sea-River: 0 
Urban-areas: 1.8 euro ct per veh.km, 2010 

2 

                                                      
4 In D.2.3 a more detailed description of the business models will be developed. Based on this information these 
formulas in the ODAM will be used.  
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Road/Rural/Motorways: 0.4 euro ct per vkm, 
2010  
Rail: 0.2 euro per 1000 vkm, 2011 

Speed/flow relations on 
the water 

Speed-flow relations are considered the best 
method to calculate the external costs of 
congestion. However, no data are available for 
maritime application. 
It is taken indirectly into consideration via the 
external cost values of congestion given above.   

0 

Waiting time at locks 
and port 

No data are available. 0 

External Cost – 
Infrastructure 

Decay to waterways 
caused by changes in 

displacement 
No quantitative data are available. 0 

External Cost – 
Environmental 

Water pollution 

Water pollution is an external factor that is 
prone for internalization. Environmental 
pollution research has been performed on the 
effects of waste water discharge of sea-going 
vessels. Some sources also suggest possible 
surcharges applied within the inland sector for 
the wastewater created by gas oil, in the 
future. This is the reason why the topic may 
only be applicable on a case study basis.  

1 

Emission of SOx, NOx, 
CO2, VOC, GHG and PM 

The emission of a ship is the most important 
environmental factor, however not all of the 
gases are equally relevant, which is the reason 
why a prioritization has been set among them. 
Inland Waterways 
Total: 3.02 (€ / 1000 tkm, 2010) 
SSS  
PM2.5: 17,240 
NOx: 3,790 
SO2: 6,080 
NMVOCs: 1,566 
(€ per tonne, 2010) 
Sea-river  
Total: 2.8 (€ / 1000 tkm, 2010) 
Urban areas 
PM2.5: 270,178 
NOx: 10,640 
SO2: 10,241 
NMVOCs: 1,566 
(€ per tonne, 2010) 
Road/Rural/Motorways 
PM2.5: 28,108 
NOx: 10,640 
SO2: 10,241 
NMVOCs: 1,566 

2 
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(€ per tonne, 2010) 
Rail 
Total: 0.6 € ct/tkm, 2010 
Climate change-GHG emissions mostly CO2 
Inland waterways: 3 (€/1000 tkm, 2010) 
SSS: 1.8 (€/1000 tkm, 2010) 
Sea-river: - 
Urban areas: 3.2 (€ct/vkm, 2010) 
Road/Rural/Motorways: 2.0 (Rural) & 2.5 
(Motorways) (€ct/vkm, 2010) 
Rail: 0.26 (€ct/ tkm, 2010) 

Sound pollution 

Even though this topic may be of importance, 
especially when considering to deliver more 
goods into urban areas, it is very difficult to be 
calculated, since real data are needed and are 
usually either not recorded or not accessible. 
This can be shown by the data presented 
below, which are available only for the road 
and rail transport modes but not for the 
waterborne transport modes.  
Urban areas 
Day 75.5 
Night 137.5 
Road/Rural/Motorways 
Day 0.6 
Night 1.1 
Rail 
Day 827.2, Night 1977.6 in urban areas 
Day 43.85, Night 97.7 in rural areas 
(€ per 1000 vkm) 

0 

Light pollution 

Even though this topic may be of importance 
especially when considering to deliver more 
goods into urban areas, it is very difficult to be 
calculated, since real data are needed and are 
usually either not recorded or not accessible.  
Thus, we consider this external cost having a 
zero value. 

0 

Impact on natural 
habitat 

No data are available. Thus, we consider this 
external cost having a zero value. 

0 

Accident 

Accidents can cause significant external costs, 
however large accidents are fairly rare in the 
waterborne modes of transport. So the 
assessment of such circumstances is kept for a 
later stage in the model development. The data 
found are the following: 
Urban areas: 1.1 (€ ct per/vkm, 2010) 
Road/Rural/Motorways: 1.2 (€ ct per/vkm, 
2010) 

1 
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Rail: 0.2 (€ per 1000 vkm) 

 

Marginal infrastructure 
external costs 

The data available are the following: 
Inland waterways: 1.92 (€ct/tkm, 2010) 
Urban areas: 1.5 (€ct (2010) per vkm) 
Road/Rural/Motorways: 0.6 (€ct (2010) per 
vkm) 
Rail: 0.45 (€ per train-km) 

1 

Table 2: Cost Elements’ Summary  

Most of the cost elements with prioritization type two have at this stage already been implemented 

into the transport model. It is only the ‘external costs emissions’ category that has not yet been 

imbedded. It is expected that the emissions have an effect on the environmental footprint but will not 

affect the economic viability of the overall VT concept. 

All these elements will be input to the method that will be applied for appraising the VT project, being 

the SCBA. The latest ‘Guide to Cost-Benefit Analysis of Investment Projects’ of the European 

Commission has been used for identifying the main principles for applying the SCBA to the VT concept 

(Korzhenevych et al., 2014). “Cost‑Benefit Analysis (CBA) is an analytical tool for judging the economic 

advantages or disadvantages of an investment decision by assessing its costs and benefits in order to 

assess the welfare change attributable to it”. A quality CBA report should therefore be: self-contained; 

transparent; verifiable and credible. CBA is measuring all the benefits and costs of the project to the 

society in monetary terms. Therefore, key performance indicators are used, being the Economic Net 

Present Value (ENPV) and the Economic Rate of Return (ERR) (see formulas below of the financial net 

present value and the financial rate of return). “The Financial net present value on investment is defined 

as the sum that results when the expected investment and operating costs of the project (discounted) 

are deducted from the discounted value of the expected revenues” : 

 

Where: St =  the balance of cash flow at time t, 

at = the financial discount factor chosen for discounting at time t  

i = the financial discount rate 

“The financial rate of return on investment is defined as the discount rate that produces a zero FNPV, 

i.e. FRR is given by the solution of the following equation”:  

 

The former is expressed in monetary terms (EUR), while the latter is a pure number. CBA compares a 

scenario with the project with a baseline scenario without the project. For the scenario without the 

project: either the business as usual (BAU) approach or do-minimum approach can be used. However, 

the BAU approach is recommended to be used because when using the do-minimum approach, there 

is the risk that unrealistic benefits or costs might be caused. Also, if there is uncertainty, the BAU 

scenario is going to be adopted as rule of thumb. For the scenario with the project, projections of cash 
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flows are made, taking into account all the investment, economic and financial costs and benefits from 

the project. 

 The main steps of the CBA are the ones in which the actual calculations of the financial and social 

benefits and costs take place respectively (European Commission, 2014). In the step of the financial 

analysis, the investment costs, the operating costs, the revenues and lastly the sources of financing are 

determined, based on which the measurement of project profitability is possible through the FNPV 

and FRR, mentioned  above. Similarly, for the economic analysis the Economic Net Present Value 

(ENPV), Economic Rate of Return (ERR) and benefit/cost ratio (B/C ratio) are calculated. If ENPV<0, 

then the society is better off without the project, while if ENPV>0, then the society is better off with 

the project. The economic analysis is carried out to appraise the project’s contribution to welfare, by 

monetising the project’s impact on three levels: consumers surplus, producers surplus and 

externalities.  

The difference between ENPV and FNPV is that the former includes social and environmental 

externalities because the analysis is done from the point of view of society, not only of the project 

owner. “An externality is any cost or benefit that spills over from the project towards other parties 

without monetary compensation”. The ENPV is the most significant SCBA indicator and as a result it 

must be used as the main economic performance indicator for project appraisal. 

NOVIMAR aims at reducing welfare loss. In Figure 7 below (Blauwens et al., 2016), it is shown that the 

marginal private cost (Mpc) is smaller than the marginal social cost (Msc) because the transport 

producer offers his/her services at a price equal to Mpc, which is lower than Msc. This happens because 

the transport producer is not charged for part of the external costs that he/she causes, resulting to a 

transport quantity M instead of C (thus causing overproduction), which causes a welfare loss to the 

society (see the shaded triangle). NOVIMAR, taking this into account, measures the external costs, so 

as to allow the possibility of internalising them and thus increase the price and as a result reduce the 

demand to the optimum volume C (Blauwens et al., 2016).  



Deliverable 1.2  
 

29 

 

 

Figure 7: Market equilibrium and social optimum (Blauwens et al., 2016). 

 

5.5 ODAM–method test and validation for VT-variant assessment (sub-task 1.2.4) 

At this stage the model has been set up and all relevant factors have been integrated. However, specific 

case studies have not yet been identified and run through the model, which means method testing or 

a direct validation of the results is not possible. However, one can validate the set-up of the model and 

the consistence of the cost elements compared to existing models and estimations of transport 

systems. As such, the validation done in this sub-task is done on a theoretical level. The aim of this 

section is to compare the cost elements that the NOVIMAR team selected to include for conducting 

the SCBA for the VT concept with the cost elements used by other studies. The verification procedure 

cross-checks the generally identified cost elements from Figure 2 with the topics covered in the 

sources. The main sources used for this comparison are on the one hand academic models that are 

used to estimate the private costs (van Hassel(2011) and Beelen (2011)) and on the other hand the 

other sources on SCBAs that focus on the identification of the societal costs. Four different symbols 

are used to classify the findings from the sources, so as to create a visual understanding and allow the 

verification of the ODAM. These symbols are: 

-        :  Included in the source but not the ODAM 
+       : Not indicated in the source but included in the ODAM  
✓  : Included in the source and the ODAM 

na : 
Not applicable means that it is only of relevance for the VT application, therefore it is not 
possible to find this in any other sources 

X     : This element is included in neither a source nor the ODAM 
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Cost Element 

Sources used for varification 
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Depreciation - ship cost ✓ ✓ + + ✓ ✓ + 

Depreciation- VT technology cost na na na na na na na 

Interest ✓ ✓ + + ✓ ✓ ✓ 

Insurance ✓ ✓ + + ✓ ✓ ✓ 

Crew cost ✓ ✓ + + ✓ ✓ ✓ 

Maintenance  & repair cost ✓ ✓ + ✓ ✓ ✓ ✓ 

Fuel consumption ✓ ✓ ✓ + ✓ ✓ + 

VT dues na na na na na na na 

Port dues + ✓ + + ✓ ✓ + 

Emission of SOx, NOx, CO2, VOC, GHG and PM ✓ + ✓ + ✓ + + 

Black and grey water + + ✓ + + + + 

Waste management systems on board/port + + ✓ + + + + 

Sorting cost na na na na na na na 

Storage cost + + + + + + + 

Bridge, lock passage cost and canal fees + ✓ + + + ✓ + 

Congestion created for the end delivery of goods + + + + ✓ + + 

Water pollution + + ✓ + + + ✓ 

Accident ✓ + ✓ + ✓ + ✓ 

Marginal infrastructure external costs ✓ + + + ✓ + + 

Speed/flow relations on the water X X X X X X X 

Waiting time at locks and port - X X X X X X 

Decay to waterways cause by changes in displacement X X - X X X X 

Sound pollution X X - X X X X 

Light pollution X X - X X X X 

Impact on natural habitat X X - X X X X 

Table 3: Verification of the ODAM’s Cost Elements 

 

Below we dig deeper into the symbols of Table 3 per source, in order to show similarities of our cost 

elements with the cost elements used by other authors and thus validate our list of cost elements. 

The two sources that have been chosen for comparative purpose of the private cost with the ODAM,    

focus in their application on inland vessels. Van Hassel (2011) developed a transport concept and uses 

his private cost estimation within his model to determine his concepts viability. This application is very 

similar to what the ODAM aims to do for the VT concept. In van Hassel research even external cost 

have been considered as part of his transport system analysis. He includes both the marginal 

infrastructure external costs and as well as the accident cost created. Even though he includes close to 

all private cost that made it into the final cost element selection of the ODAM; he even includes cost 

aspects such as crew logistics costs. Such costs have however so far not been deemed relevant for the 
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VT concept. Port dues are the only private cost element that cannot be directly found in the data of 

van Hassels research model.  

Bellens (2011) research is focused on determining the private cost of the inland navigation users to 

gain a better insights  into their reasoning and decision making. Just like van Hassel, she incorporates 

the most prominent private transport cost, however over a larger variety of different vessel classes. 

She does not consider any external costs since they do not directly influence the decisions of 

companies in the inland navigation sector. Overall a close correlation between the private cost 

elements chosen in the ODAM and considered by Bellen can be found. 

Any sources further sources from here onward used as a mean of comparison mainly focus on the 

identification of external costs. 

Miola et al. (2009) specifically focuses on the identification of external costs in maritime transport. This 

source provides descriptive information and emphasise on the importance on many of the cost 

elements that did not make it into the final cut of the ODAM, due to the lack of data. The harmfulness 

of topics such as the erosion of waterways and impact on natural habitat are discussed in great depth 

but are not sufficiently quantified is given to make it possible to include these external cost in the 

actual ODAM. 

With respect to the last four columns/sources the following information is worth being mentioned.  

It is positive that there is consensus with respect to how to execute a CBA. However, the majority of 

the CBAs are done for transport infrastructures (Blauwens, 1986); while the VT concept is not a 

transport infrastructure project. Nevertheless, it is understood why the focus is on appraising mainly 

transport infrastructure projects, since their cost is very high, sometimes exceeding 75 million euro 

(major projects) (Korzhenevych et al., 2014). Blauwens (1986) conducted a CBA of transport and port 

projects in Belgium (road, waterways, metro works, port investments and rail line applications). For 

the road construction investment projects, the benefits per car are the following:  

- Time savings; 

- Savings on wear and maintenance of the vehicle; 

- Fuel savings; 

- Accident savings; 

- Improved comfort. 

Since the VT project is expected to shift traffic from road to waterborne transport modes, some of the 

above could be indeed benefits thanks to the VT concept, such as the time savings thanks to the less 

congested roads, since less cargo is expected to be transported via road and thus leading to savings on 

wear and maintenance of the vehicle and accident savings. However, the fact that there will be less 

vehicles does not guarantee that there will be less accidents. Therefore, it can be seen that benefits 

should also be examined and not only the costs, presented in Table 2 because it is the difference 

between the costs and the benefits of the VT project that will give us the net present value of the 

project, which should be positive. In other words, what needs to be pointed out is that although the 

focus of this deliverable is on the cost elements of the VT concept, both economic and external, the 
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benefits will be also calculated in the SCBA. With respect to the costs, since we refer to a transport 

infrastructure, they are the following: 

• Expropriation 

• Construction and  

• Maintenance 

(same cost elements are indicated for the ‘port extension investment’ in Belgium of Blauwens, 1986) 

ince the CBA in the NOVIMAR project will be conducted for appraising the VT concept, which does not 

include an infrastructure investment, it is considered useful to also review the CBA conducted for 

appraising the use of a fully autonomous vessel in the inland navigation sector compared to the use of 

a conventional vessel (Verberght, 2019). A CBA has been conducted also for a vessel using LNG instead 

of diesel in the same study. This study is of high interest for the NOVIMAR project because it involves 

the element of autonomous vessels (although in NOVIMAR fully autonomous vessels are not 

considered) and also it is an inland navigation project application, which is one of the main sectors on 

which NOVIMAR focuses on, together with the SSS and the sea-river sector. All the private cost 

elements used in the CBA of Verberght (2019) are also used in the NOVIMAR CBA, except one cost 

element, the lubricant consumption, which is only used in the NOVIMAR CBA. Some cost elements that 

are included in the CBA of Verberght (2019) but not in the NOVIMAR CBA are: shore control center 

costs, administration and communication costs and technical compliance costs (certificates). Key 

external costs for the IWT are also included, such as emissions and climate change costs, congestion, 

accidents and infrastructure external costs. An additional impact that Verberght (2019) examines is 

the impact on the labour market and based on the facts of aging of the employees working in the 

inland navigation sector, the difficulties to find people for working in the sector and also keeping in 

mind the assumption that automation will be incremental, the author came to the conclusion that the 

development of fully autonomous vessels will not affect negatively the labour market. It might even 

create jobs for the ICT personnel that is needed for the on shore control centers. What is also 

interesting in this study is that NPV is measured for different number of crew members on board, so 

as to see which scenario gives the highest NPV. This is also what will be done for the VT concept.    

Lyridis et al. (2005) conducted a CBA for the retrofit of innovative ship automation systems to be 

implemented in the icebreaker Frej in the context of the EU-funded project ATOMOS IV (Advanced 

Technology to Optimise Maritime Operational Safety: Intelligent Vessel). Only existing operating 

vessels are tested in the present paper. Thus, CBA is conducted so as to reply to one main question:  in 

the case of an existing conventional vessel, is it worth it for the vessel owner to invest in retrofitting 

his/her existing vessel with automated technologies and thus convert it from conventional to 

automated? This is the reason why, the ship building costs are not included in this CBA, since the 

retrofit of an existing vessel is examined and not the construction of a new one. This research question 

seems very relevant to the ones of the VT concept, since also the vessel owner is one of the main actors 

for the VT concept. Also in the VT concept, there are two possibilities: 1) of using an existing vessel 

that will be upgraded by installing the technological equipment or 2) building a new vessel. The main 

motivation behind the retrofit is also in this paper the reduction of crew members, which will lead to 

reduction of operational costs, as for the VT concept. There is almost a complete overlap of the private 

cost elements of the VT CBA and the CBA of Lyridis et al. (2005). Ship costs are not taken into 
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consideration because this paper focuses on the retrofit of existing vessels and not on building new 

ones, as mentioned above. From the external costs, only accidents and water (oil) pollution are taken 

into consideration. Also, it is interesting to note that Lyridis et al. (2005) use some additional costs in 

their CBA that are not used in the VT CBA, which in VT terms could be translated into the “crew training 

cost” for the new technology equipment, the “non-VT equipment costs”, which will (among others) 

ensure compatibility of the VT with the non-VT equipment and the “opportunity cost” for the duration 

of the retrofit adding the travel time to the shipyard. 

A CBA in the maritime shipping sector is also examined, since NOVIMAR also examines the sea-river 

and SSS sector. Grønsedt (2014) conducts a financial CBA on the feasibility of transporting 

containerized goods between Rotterdam and Yokohama using the North Sea Route (NSR) as an 

alternative to the Suez Canal Route (SCR), since transporting goods via the NSR reduces the travel 

distance up to 35%. Thus, Grønsedt (2014) tests if it is worth it to invest in an ice-strengthened 

containership that will transport cargo using the NSR. Since the author conducts a financial CBA, 

external costs are not taken into consideration, however with respect to the financial cost elements, 

there is almost a complete overlap with the cost elements used in the VT CBA, as shown in the table 

3.  

From Table 3 it becomes clear that the choice of cost elements in the ODAM is successfully verified 

and supported by the given sources. The comparison shows that all the included costs, except for the 

storage cost, are found in existing transport system analyses. The reason why the storage cost is not 

found is that, even though all transport chains generate these costs, they are extremely difficult to 

obtain, since they are company-internal costs. They are however, kept in for potential business case 

applications where presorting operations are integrated into the VT services.  Such applications may 

involve an   increase in these storage costs compared to the current state of operations. Such a 

development is specific to the NOVIMAR research and can thus not directly be found or even compared 

excising sources.  
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6 CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions 

We have successfully developed the Overarching Decision Analysis Model (ODAM) that gathers all the 

results of WPs 2-6 in order to assess the viability of the VT concept. We have selected relevant cost 

elements, both economic and external, which are two main structural elements of the ODAM (output 

of the WP2 and WP1 respectively). These cost elements have been verified based on a literature review 

of other performed CBA studies, thus confirming that we have made a correct selection. It can be 

concluded that the cost elements do not change with the implementation of the VT concept, it is rather 

the way these elements are split up over more actors that will cause the changes in the modelling and 

results. 

However, not all the cost elements that we identified in literature are shortlisted. About 20 % of the 

cost elements are neglected from the list. Nearly one third could become relevant throughout the 

development to provide a more accurate view of the VT concept and its variances but will not impact 

the concept’s economic viability. Thus, this share of cost elements might be added at a later stage. 

Therefore, about 40% (10 elements) of the original cost elements left are considered to be vital for the 

ODAM model implementation, out of which, almost all, have already been implemented in the 

transport model of WP2. 

Although the aforementioned cost elements’ model has not been applied yet and only verified 

theoretically at this stage, we trust that we have built a structure that can be applied in the rest of 

NOVIMAR to assess the viability of the VT concept.  

The tasks set for this deliverable were met and the progress is according to the plan. 

6.2 Recommendations 

The preliminary results obtained by the WP2 model (D2.2), which is based on the ODAM structure, 

showed that the waiting times and the crew costs are the two main deal breakers for the concept, if 

they are miss-estimated. It is therefore highly recommended that the research focus is placed on 

identifying the monitoring crew requirements on the LV as well as the role of the FV crew members 

that is being reduced.   
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8 ANNEXES 

8.1 Annex A: Public summary 

In this deliverable, the Overarching Decision Analysis Model (ODAM) is developed that allows a viability 

assessment of the Vessel Train (VT) concept.  

The main objective of the ODAM is to provide quantitative results for all actors involved to assess: 

o If the VT provides benefits to the various affected stakeholders in the transport system 

o If the VT provides benefits to the society 

A large number of cost elements have been gathered, which are all in some way related to the cost 

model of the VT. 

A four-stage aggregation method has been developed that assesses cost elements based on the 

following three elements to determine if and at what stage each cost element should be imbedded 

into the model: 

o Impact 

o Data availability  

o Calculation complexity 

The results of the verification of the ODAM elements show that the ODAM procedure and calculations 

are in line with the already published transport models and analyses. This validates the results that will 

be obtained from testing different scenarios. 

Recommendations concerning further research on the VT concept are to focus on the crew role 

reduced from the follower vessels (FVs) as well as the identification of the crew requirements for the 

monitoring tasks on the lead vessels (LVs). On top of that it is recommended to research the effects of 

waiting times caused by insufficient number of FVs.  

 

Name of responsible partner:  Technische Universiteit Delft & University of Antwerp  

Name of responsible person:  Alina Colling / Edwin van Hassel  

Contact info:    a.p.colling@tudelft.nl / Edwin,vanhassel@uantwerpen.be 
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8.2 Annex B: Cost Element List 

 

(CCNR 2016)(Kooij 2019)(M.Stopford 2009)(Beelen 2011)(Bolt 2003; Caterpillar 2001; MaK 2003)(CE Delft 2017; Maxim et al. 1969; Oosterhuis 

2016; Port of Rotterdam 2018; Port of Rotterdam Authority 2015)(BAW 2016; Fischer, Treiber, and Söhngen 2014)(Malchow 2010)(Hoekstra 

2014)(Damen 2011) 
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8.3 Annex C: Insurance costs of the VT 

Interviews have been conducted with four insurance companies (Marsh, Aon, Vanbreda and Havrico) 

to which we asked the following questions:  

1. Do you think that the insurance costs will increase, stay the same or decrease for the vessel operator 
of a vessel that can sail as part of the VT? For replying this question please keep in mind that for the 
VT vessels an IT technology will be installed on board that will result to the reduction of the crew. We 
assume that the safety level is the same. (vessel operator’s insurance costs)  

2. Could you provide a % of change (if any) in the insurance costs? (vessel operator’s insurance costs)  

3. Is the insurance from the perspective of the VT operator/organizer different than the one of the 
vessel operator? For the VT operator, the key question is ‘Does he/she need to have an additional 
insurance for all the follower vessels?’; If yes, ‘How much will this insurance cost’? (VT operator’s 
insurance costs).  
 

Vanbreda 

“The VT would probably lead to lower insurance premium level, however Hull underwriters would have 

additional uncertainties (i.e. what will happen when the system fails etc.). We suppose that a risk 

analysis will be made by underwriters and non-follow up guarantees should be given in order to remove 

these uncertainties for Hull and P&I liabilities as well. The use of less crew will lead to less risks for crew 

claims and/or negligence or similar faults. But on the other side, the IT system on board may lead to 

additional risks. Influence on insurance premium is currently an open question, as this depends on too 

many factors and underwriters do not have any experience yet in this type of shipments. There will 

certainly be a higher exposure for “cyber risks”” (René, 2018).  

 

Aon 

“We believe that in the first instance the costs will rise in the range of 5% to 10% because there is no 

track record of this new technology claims wise, so in the beginning very few underwriters will be keen 

to take on the risk. If after several years the technology proves to be less claims active, the insurance 

costs can decrease dramatically with even 50% because of the crew risk / human failure is the biggest 

risk in the marine insurance market. The % of change if the technology proves itself to be safer/less 

claims intensive is: 

Year 0 : +7% 

Year 1 : +3% 

Year 2 : -4% 

Year 3 : -7% 

Year 4 : - 8% 

Year 5 : -9% 

Year 6 : -10% 

The VT organizer, if not the ship owner of the full train, will have to take out a liability cover for this 

project, this is currently available under the charterers liability insurance solution. The cost is roughly 

to be indicated between EUR 1,000 to EUR 5,000 depending on the amount and size of vessels involved 

and the contractual exposures.” (van Geyte, 2018).  
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Havrico Insurance 

“The same liabilities as for ordinary vessels will apply to the vessels individually of the VT. The 

introduction of unmanned vessels will change the profile of risks: 

- A higher level of automatization in unmanned vessels will eliminate an important number of claims 

partly due to human error. The Shipowners’ Club states that around 47% of the claims the Club deals 

with involve some degree of human error. 

- Claims relating to crew (injury, death and repatriation) will reduce. The Shipowners’ Club states that 

such claims represent 34% of the Club’s claim expenditure. 

- Systems failure is a potential challenge. The liability of autonomous products could be linked to 

different actors: the owner, the user, the manufacturer of the product or the manufacturer of individual 

components. 

- Higher vulnerability to cyber-attacks. 

Bearing in mind the above mentioned considerations: 

- One may expect that the vessel operator’s (being the leader vessel) insurance cost, regarding hull and 

machinery insurance and regarding P&I insurance, will at first remain the same and will later likely 

decrease. However, the decrease in insurance cost will probably partly be balanced out by an increase 

in premium relating mainly to cyber risks. This will also apply to the follower vessels. 

- I do not think that the vessel operator (being the leader vessel) will need an additional insurance for 

all the follower vessels. In case of damage to third parties caused by the follower vessel, the liability 

will rest on the follower vessel, even if the damage is attributable to human error or technical failure of 

the leader vessel, because the follower vessel is manoeuvred by the leader vessel, which is actually an 

agent or servant of the follower vessel. As regards the leader vessel, same will be held liable for 

damages caused directly to third parties by its crew or because of its own technical failure. The recovery 

action between the vessels of the VT mutually will be governed by contract.” (Vrints, 2018). 

Marsh 

“Hull & machinery insurance: VT ships will be more expensive, thus premium will be more because the 

value of the ship will be higher and the hull & machinery premium is calculated based on the value of 

the ship. The increase because of the ship value is almost linear: e.g. 100 million vs 10 million ship will 

have 10 times more expensive tariff. The leader vessel will not take higher tariff because there will be 

crew on it. But the follower vessels with no crew or even with one member crew, who is there but ‘does 

nothing’, in the sense that is led by the leader, will take a lower tariff. This is because when there is no 

crew, you exclude the human errors because there are no people on board to make mistakes. But this 

is based on the assumption that there is no technological error. But this assumption is not true because 

technology always breaks down. But we do not know what this risk is because it is a new technology. 

For medium vessel sizes of a cost of 10 million, the premium per year will be between 50,000 and 

100,000 (always 0.5%-1%). But cyber risks are very new and are excluded. These vessels are ‘floating 

computers’ and thus there is programming risk. Cyber risks maybe in the future will be involved in the 

‘hull & machinery’.” 
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“Liability insurance: We do not know if there will be new liabilities. It will depend on regulation. I think 

that it will not be needed to change the law to make new liabilities. E.g. maybe they will say that the 

leader of the vessel train will be liable for the rest of the train. If they do that, they will introduce new 

liability and thus this means higher premium. For a medium size vessel: 150,000 euro per year for all 

liabilities. For VT ships, you have: 

- low crew liability because you have less crew.  

- high cargo liability. Thus the tariff will be less.  

- high cyber risks but these are excluded from the liability.  

- high technology risks.  

However, for the liability you do not pay a separate tariff per element but it covers everything. The 

premium is for all. My opinion is that I do not see an increase of liability. But my concern is the following: 

“will you find a Club to take this risk (a P&I Club) and if so in what price?”. It will be difficult a P&I Club 

to accept you. If you are in the Club, they can pay/cover up to 3.1 billion US dollars (this is the liability 

insurance that they give). 

So as to sum up, as the size of the ship increases, so the hull and machinery insurance costs do.  

- Liability: we do not know about liability.  

- For a 10,000,000 ship, maybe you see a difference of 30,000 and 40,000 only. Marine insurance 

is cheap. For the VT, the tariffication5 will be still between 0.5%-1.0% but it will be marginal.” (Moens, 

2018).  

Summary 

So as to sum up, based on the information taken from all the four interviews presented above, it is 

observed that the common element among all the four interviews is that less insurance premium is 

expected thanks to the less crew on board and thus the less risks for crew claims and increased cost 

due to the additional (unknown at the present time) IT system-related additional risks (exposure to 

cyber risks).  

 

The insurance costs will either remain almost the same (decrease that might be balanced out by the 

increase of the related cyber risks) (Vanbread & Aon), or they will initially increase from 5% to 10% and 

after some years, if/when the technology proves to be less claims active, insurance costs might 

decrease (10% at year 6), or they will marginally increase due to the higher cost of the ship (the hull & 

machinery premium is calculated based on the value of the ship) (plus the expected cyber risks and 

the unknown liability). Therefore, no big changes are expected in the insurance costs of the VT 

compared to the insurance costs of conventional existing vessels.  

                                                      
5 Tariffication = value * % tariff. It can be close to 0.5% or 1.0% but Mr. Moens do not see much change. 


