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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:

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’ PlIs 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

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

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

o Ifthe 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.

YIn 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:

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

e T1.2.2: Develop the ODAM framework

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

elements) into indices that will be used in the ODAM model
e T1.2.4: ODAM—method test and validation for VT-variant assessment
e T1.2.5: Prepare the task deliverable

2.2 Analysis

The first stage of the ODAM development, which isimbedded 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 Pls 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
e Determine circumstances under which the VT concept can be viable
e Determine the stakeholders that are affected by the implementation of the VT
T1.2.2: Develop the ODAM framework
e Design an ODAM structure in which the ToR are met
e Ensure that the assessment and variation in scenarios can be accommodated in the structure
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e Research possible cost elements that may be impacting the VT concept
e C(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’ Pls into indices that
will be used in the ODAM model
e Develop a method of aggregation and normalisation
o Apply the developed method by extended research of the cost elements
e Provide the remaining cost elements for implementation to the transport model
T1.2.4: ODAM—-method test and validation for VT-variant assessment
e Compare the aggregated results of the Pls 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 Pls 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:

e 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.

e 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

Technologies installed on board TUD
Capital Cost | Capital cost of refit or new built vessels TUD
Interest UANTW
Insurance UANTW
Crew cost TUD
Fixed Black and grey water TUD
Cost
Operational Waste management systems on board/port TUD
Cost Repair and maintenance cost TUD
Sorting cost MARLO
Storage cost MARLO
Overhead cost UANTW
Fuel consumption TUD
VT dues UANTW
Voyage Cost
yag Port dues UANTW
Bridge, lock passage cost and canal fees UANTW
Congestion created for the end delivery of UANTW
External Cost — | 800ds
Congestion | Speed/flow relations on the water UANTW
Waiting time at locks and ports UANTW
Variabl Decay to waterways caused by changes in
Cost | External Cost— |
e Los displacement UANTW
Infrastructure - -
Marginal external infrastructure costs
Water pollution TUD/UANTW
Emission of SOx, NOx, CO2, VOC, GHG and PM TUD/UANTW
External Cost — | Sound pollution TUD/UANTW
Environmental | Light pollution UANTW
Impact on natural habitat UANTW
Accidents TUD/UANTW

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

Table 1: Involvement of partners

detailed overview of the planned time spent on each of the tasks.

10
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Project Month E 9 12 5]
T1.2.1- Prepare Terms of Reference [ToR] for the ODAM azsessment

Dietermine circurmstances under which the YT concept can be viable

Determning the stakeholders that are affected by the implementation of the ¥T

T1.2.2: Develop the DDAM Framework

Diesign an ODAR structure in which the ToR are met

Ensure azsessment and variation in scenarios can be accommodated in the structure

Rezearch possible cost elements that may be impacting the ¥T concept

Cluster the cost elements into a structured cost categories that allow a better overview For the azzessment and
variations

T.1.2.3: Develop a method of aggregation. normalisation and weighting of WP’s Pl’s into
indices that will be uzed in the ODAM model

Dievelop a method of aggregation and normalization

Apply the developed method by extended research of the cost elerments

Frovide the left over cost elerments For implernentation to the transport model

T1.2.4: ODAM —method test and validation For ¥T-variant assessment

Compare the aggregated results of the PI"s to excizing projects in maritime cost modelling

T.1.2.5: prepare the tzak deliberable

“wirite Lip report

12

21

23

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:
e Sub-task T1.2.1: Prepare Terms of Reference (ToR) for the ODAM assessment framework
e Sub-task T1.2.2: Develop the ODAM framework
e Sub-taskT1.2.3: Develop a method for aggregation, normalisation and weighting of WPs’ Pls
into indices that will be used in the ODAM model
e Sub-task T1.2.4: ODAM-method test and validation for VT-variant assessment
e Sub-task T1.2.5: Prepare the task deliverable

Role of the partners:

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

Input/output relations:
e 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.

12
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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) Isthe 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.

13
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7

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.

IWT operator Capital cost of the ship + Running cost of the ship |:D:| Required ROI

Required ship rate

<L

Actual ship rate

QL Total logistical cost

Out of pocket cost Out of pocket cost of

Shipper: of waterborne handling, pre haulage Crsi@iEEE Crsi @ ey Co_st g S“.)Ck_
stock stock in-transit
transport & end haulage

Market conditions

il

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
getincome in the same way as the conventional Vessel operators, since a LV does not necessarily carry
cargo?.

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.

14
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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!)

15
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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.

Follower VT Operator

Module'td+2), Module (1+2),  Mgdule (1+2),

53507 uojieodsuel] 3UJoqlates

pale|ay 081e)

JUDLUSSISSY

Module 10 Module 9

Figure 3: Identification of the main elements to be included in the ODAM
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Module 1: Economic Costs of Vessel Operators . Legend
(where a to n represent different Vessel External Costs
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

Follower Vessel/Vessel Operator
Lead Vessel/ Part of VT Operator

Shore Control Station/ Part of VT Operator

Cargo Handling/ Part of Land Transport Operator

Different Modes of Transport m Pre-end Haulage as Partof Land Transport Operator,
. Mode of T by Road
Module 7: External Costs from Pre/End Haulage & Handling % ode ofTransport by Roa
Module 8: Total Logistics Cost of Cargo Owner oMl StockRelated Cost
Module 9: Relation to Benchmark WISl i of Transport by Rail
Module 10: Adapting Viability
% Governmental Support

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

17



Deliverable 1.2

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.

Vessel A Vessel B VesselC VT operator

Private Cost € €, €
External Cost €Ex(in & out of VT) €Ex(in & out of VT) €Ex(in & out of VT) €EX
Total Cost for Actor €Tvt'.scl A + €Tvessel B + €TvesseIC + €TVT operator

Total Cost of VT €VT = €Tsum - €Ex(vessel ABandCinVT)

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:

e The IWT/SSS/Sea-river vessel owners

e VT operators

e 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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| - WP1: ODAM |

. VT inputs: .

| . . framework [

. - Ports in the VT, type of LV, number of FV, types of business ;

model, speed of the VT, etc. '

I

| | '

' WP 2 output '
I - Private benefits of the different actors and the VT in WP1 ot

- External cost

total (all actors combined)

i i ) i

' WP 4 output :
! - new vessel + cargo loading systems Social cost benefit analysis '
I I
| WP 3 output Jes Each VT variation will haveto |
; -Yes or no on navigation following output: |
" - Private net benefits of each "
: WP 5 output xes actor |
- Yes or no on safety - Social net benefit of the VT .
system '

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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54 Method of aggregation, normalisation and weighting of Pls (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.

e 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.

e 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.

e 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.

e 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 application® 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

31t 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.

Sufficient
information
available to make

‘Stage 1: Impact As |

Yes No
Medium

Always Included

YVvYy

Inclusion dependent
on Business Case

Figure 6: Cost Elements’ Prioritization Method
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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

Prioritization

Always 2
Cost Cost Element Comments y
Dependent | 1
Breakdown
Not 0
Even though the ship costs are highly dependent on
Depreciation - the business case chosen for a given scenario, these
. . 2
Ship Cost values can be adjusted based on known costs of
construction for respective vessels.
Capital This is a cost element that is so far unknown and will
Cost most likely stay so, for the most part of the VT
Depreciation-VT | development process. However, educated estimates 5

Technology Cost

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
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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).

Operationa
| 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).

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
thatis 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.

Black and grey
water

Waste
management
systems on
board/port

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.

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.

Sorting cost

Storage 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
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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.

This cost element contributes significantly to the
Fuel consumption | overall cost and will change depending on the 2
business case chosen.

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
VT dues by the marginal cost per FV. For the application in this 2
model (see (van Hassel et al. 2018)), the VT dues are
determined by an average cost plus a mark-up (the
Voyage profit margin in the case the VT operator is not the
Cost same as the FV operators). The VT dues are
determined using the following equation:
VToues=AC, .1+ PM)*
ACyr: average VT cost; PM: Profit Margin
(van Hassel et al., 2018: D2.2, Annex C).

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).

Port dues

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, 1
these may have a larger impact, thus the cost
element is included depending on the case.

Bridge, lock passage
cost and canal fees

. Inland waterways: 0.4 euro/TEU*km
Congestion created for $SS: 0

the end delivery of Sea-River: 0 2
goods

Urban-areas: 1.8 euro ct per veh.km, 2010

External Cost —
Congestion

41n 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.

Waiting time at locks
and port

No data are available.

Decay to waterways
caused by changes in
displacement

External Cost —
Infrastructure

No quantitative data are available.

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.

Emission of SOx, NOx,
C02,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

S02: 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

S02: 10,241

NMVOCs: 1,566

(€ per tonne, 2010)

Road/Rural/Motorways

PM2.5: 28,108

NOx: 10,640

S02: 10,241

NMVOCs: 1,566
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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)

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.

Impact on natural
habitat

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

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)
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Rail: 0.2 (€ per 1000 vkm)

The data available are the following:
Inland waterways: 1.92 (€ct/tkm, 2010)
Marginal infrastructure | Urban areas: 1.5 (€ct (2010) per vkm)

external costs Road/Rural/Motorways: 0.6 (€ct (2010) per
vkm)
Rail: 0.45 (€ per train-km)

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” :
NPV(C)= a8, =—20 4214 4
0 (1+i)"  (1+i0) (1+1i)

Where: St = the balance of cash flow at time t,
a: = 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”:
St
0=) ——
) (1+ FRR)

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<O,
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).
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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:
-t Included in the source but not the ODAM

+ :  Notindicated in the source but included in the ODAM

v~ ¢ Included in the source and the ODAM

wa : 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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Sources used for varification
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Depreciation - ship cost v v + + v e +
Depreciation- VT technology cost na i na na na na nia
Interest v v + + v e v
Insurance v v + + v e v
Crew cost v v + + v e v
Maintenance & repair cost v v + v v v v
Fuel consumption v v v + v e +
VT dues wa wia na na na wa ni
Port dues + v + + v e +
Emission of SOx, NOx, CO2, VOC, GHG and PM v + v + v + +
Black and grey water + + v + + + +
\Waste management systems on board/port + + v + + + +
Sorting cost na wa wa wa wa nat wa
Storage cost + + + + + + +
Bridge, lock passage cost and canal fees + v + + + v +
Congestion created for the end delivery of goods + + + + v + +
\Water pollution + + v + + + v
Accident v + v + v + v
Marginal infrastructure external costs v + + + v + +
X X X X X X X

- X X X X X X

X X - X X X X

X X - X X X X

X X - X X X X

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

31



Deliverable 1.2

benefits will be also calculated in the SCBA. With respect to the costs, since we refer to a transport
infrastructure, they are the following:

e Expropriation

e Construction and

e 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. Grgnsedt (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, Grgnsedt (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 Ifthe 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

Always
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Dependent on the business case scenario, ane Cagp: annud depreciaioncos: [£fyear)
may wish to assess the effect of the VT on Ir: building coz hull [€)
vessels that are newly built or at least not yet By remaining value hull (£
fully depreciated. Iaen. buildingcost ship minus building cos of hull (€) Hekkenberg, R. (2013).
Depreciation The amount of depreciation is based on the taap, may depreciation period (years) Inland Ships for Efficient -
of the shi Large |value of the wessel at the point of its Yes bigep, mach | Sepreciation time of aship mims wll Transport Chains. High
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both the vessel and the technology.

38




Deliverable 1.2

Operational Cost

Four interviews have been conducted with
insurance companies 2sking them what is the
expected impact of the VT on the insurance
costs. The comman element amang all the
fourinterviews' answersisthat lessinsurance
premium isexpected thanks to the less crew
on board and a5 2 result the less risks for craw
claims and increased insurance costs due to

The insurance premium per year is 0.5%-1% for medium
size wessals of a cost of 10 million. The insurance
premium,tariff for hull & machinery is almost linear to the
cost of the ship [capital cost).

[René, 2018)

estimations. The figure ofthe hourly wages is
calculated based on the operating time of the
vessel and not on the hourly shift of 2ach
individual crew member.

and Cashflow. In Maritime
Economics (3rd edition, pp.
217-267). Abingdon:
Routledge.

Insurance Large the sdditional (unknown =t the present time) Yes We thus assume 2 0.75% ofthe capital cost 2s an annual [wan Geyte, 2018) [Vrints, High
IT system-related additional risks (exposure to insurance cost. 2018} [Moens, 2018).
cyber risks).

Initially, costs are expected to incresss from
5%-10% =and sfter some vyears when
technology proves itself to be saferfless
claims active, insurance costs might decrease
[10% at year 6) [van Geyte, 2018).
IWT Vassal Avarage Craw Cost
Tvpa par Mambar £h
Incresses in crew cost due to sdded waiting —— ——————————————————— Hekkenberg, R. [2013).
time are included as part of the voyage costs. Class v EE] . )
I'"WT regulations on manning are a lot more Class IV 8.84 Inland Ships for Efﬁ{lent
clearand structured. They provide 3 generic Class IT E.19 Tra_nspﬂrt C!1a|ns_. .
WT e estimation of crew costs that include all the Yes = T "1 i q ] . ' . TE:hms{rll:E :.:we reitait High
zdded expenses for the employer. The - i : 2 1
calculation of the hourly wages is calculated E““'E"" . . : CCNR. [2016). Regulations
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not on the hourly shift of each individual crew Pl e 1 -
member. ity ! : persennel [rpn), [July).
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Crew Cost e e er
The regulation for 55 crew seems to be less Kooij, C. (2019). Towards
strict than for inland. There are references Unmannad Cargo-
that provide monthly and annuzal costs for Ships : The Effects of
these vessels but the number of crew is more - Automsting
challenging to identify. Even though there are Crew Role Wage Mavigational Tasks on
sources that state 20 crew members, it was £h Crewing Levels, 104—
found from practical experience on board of ctar T3 117.
o Large lSSvesselsthatthlslnumhernf{rew members Yes Chisf Enginser 17.11 High
i= more a suggestion rather than the actusl Chisf Officer 1332
number, which is around 12 crew members. Sacond Enpinasr 13.32 Stopford, M. [2003).
The data used for the crew calculations are Second Oi?ﬁ,c.ef 211 Maritima Ecanomics,
inflation adapted and based on crew Cook/Bosun 4.2 Chapter 6: Costs, Revenue
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Cwerhead

Large

Opersting costs are mainly compaosed of the
crew cost but zlso of the repair and
msaintenance costs for the wessel, the
overhead cost and the insurance. "From the
current state af transport, the overheod costs
for IWT vesseis are foirly [imited, since they
are mastly family owned vessels and hence
don’t hove any land side monagement costs
Even though the situgtion is different for the
55 sector, for now the overheod cost is not
included in the model. This also has to do with
the foct that it will become significantly more
relevant ot loter stoges, when maore
infarmation obout o consolidotion and
managerial share centre for the coordination
afthe VT is known.”

Data for the owverhead cost are ususlly only
zvailable on an annusl basis for wvessel
operators.

Depending on how the VT is set up, the
overhead cost of the FV may change
somewhat depending on thetype of business
case applied and how much pre-sorting will
be done for the cargo.

Mo
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cost of the LV,

[wan Hassel et al, 2018,
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Voyage Cost|

Catapillar 3406E
Added fuel compared

MR o Bcss MCR [2/kWh)
Fugl consumption is calculsted per vessel and 271 18
is dependent on the resistance and hence 2 16
water depth of the watenway. o 32 13 Caterpiller. [2001). Caterpillar
The Fuel.cnnsum.ptlun .[fi::l of an engine is 35 B Mearine Populsion Engine 3405E.
usually given at its design speed, which is 26 5
around 75% maximum continuous rating 55 B Baolt, E. [2003). Schatting
wr | e VR Tz e poi st utien e el e & 0 o =
75 o innenvaartschepen.
lowest. a7 4
To be able to calculate the fuel consumption 100 14
of the vessels, when they are not opersting at —
theirideal speed, a ce n::in numhepr ufg:fms $fcemg = sfeapumat + 5fCadded
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Where Pb:isthe effective break power ofthe engine,
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The two differences between the czlculation %% MCR ﬁd::“m:émn;
for 'WT fuel consumption and the 55 are the 21 51
data used and the operastional speed of the 29 26 MzK. (2003). MaK M25E.
55 vessals. as 43 16 Medium
The sfg for the short ses vessels were taken 50 a9
directly from the vessel specifications. 57 &
75 (1]
85 1
100 3
VT dues zre the fees that need to be paid by
the vessal ownerfoperator of the F¥s to the
vessel operstor of the LV. The VT operator
can be either = large shipping compsany
creating a VT using its own vessels or a third
party service provider. In theformer case, the
cost of operating the LV will be included in
the cost of the LV. In the latter case, the VT ""-EJL'ES =A‘C'\-"1"(]'+ P'ﬂwf}
operator's costs are to be transferred to the
Fvs. The VT dues are determined by the ACNT: average VT cost; PM: Profit Margin Blauwens, G., De Baere, P., & Van
VT Dues Large | marginal cost per FV. For the application in Yes [van Hassel et 2l., 2018: D2.2, Annex C). de Voorde, E. [2016). Transport High

this mode! [see van Hassel 2t 2|, 2018), the
WT dues are determined by an average cost
plus = mark-up [the profit margin in the case
the VT operstor is not the same as the FV
operators). The VT dues are determinad with
the equation shown in the column “formula
to calculate or specific reference data”.

Due to highly competitive market, the profit
margin for the VT operator is expected to be
smazll. Thus, for the purpose of these

Econamics.
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calculations, the cost that the LV encounters
isconsidered the VT due sum of all the FVsin
the VT.
See annnex | from D2.2 [van Hassel et al., 2018)
EFoEcfiz FEEg & ST T
U IR
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Raotterdam or Duisburs. ) ) an ARNAR IAERR I AERRN “| wan Esszn et al. [2012). An inventory
Port dues can be categorised into port dues AR IR EIE|ELE s [ 215 1E1E £ . ..
. R = = ] al TE| of mezsures for internalising
for ship-relzted services and for crew-relzted 2 i E_ g E' B F] A externsl o in transnort - Final
Ship related ) services. The service level for vessels of| is o ; £ part:
Port dues ) Medium | . . . . Yes 3 sl g report, 127.
service costs different size may differ, depending on the " ] AR
number of crew members and the technaology .g ,i ? .E
on board. Many of the port services, such as H = 8
Hassel et al., 2018: D2.2
for example the storage of cargo, are not szl lelzlel [ ilels o E; ol bl ey E E J vEn st
relzted to the vessel operstions as such but == == 1 7 - o B
need to be zdded to the owverall system Eai't
znalysis, thus these are not added to the % g ;,E ;E
maodel =t the first stage of the calculstions E "'E i
[wan Hasszl et al., 2018: D2.2, Annex B). AR E 2
il MEHENE EriEleEl | |
i : B Bl [FE
{1 M1k
¢ ||k el || B2
4 B
i
Blzl [ Iz3] [ef | [d80e] | 12] | | B8] [[5[E
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Deliverable 1.2

crew relsted
service cost
e.g. waste
discharge

- 55

0il waste is counted a5 part of the cargo-
associzted waste, whilst domestic and plastic
wastes are part of the ship genersted waste
category. Within that |atter categorny, one can
split this ag=in into ship operations relsted
waste and the waste crested by the crew. 55
wessels hawe the possibility to dispose of
waste, such == grey water in the ses, as long
a5 itismore than 12 nm away from the coast.
Even though the impact of these costs is
estimated to be low compsared to the
operating costs of the vessel, these costs will
still change with the number of crew on
board =and will thereby provide better
information on the impact of crew reduction.
This is the reason why it is kept for 2 |ster
integration into the model.

Yes

Wanle Reimbunament Ansex i Oy wiidle

Foueed armount X000

Vgt et € o0/

Wails Relmburisnend Anssa V. Domeitic and plartc wiite

Fol gt €20000

Vst st € Bod/m

Rertarintat Wl drgevod siils € 0000

Taie 1; Fee rates for parbape in port dus of Amiberdar aad Romerdam sraporty, HILE
Weesdan [

e teevuge (0T | rate i ergine cagacity ]| e
5 500 EUR 100+ 006 06T (7] [ <400 R
» 500 EUR 280 + 001 o 6T (1) | 200 [TEH

e
! H\mmwm:l‘cw'ﬁmwﬂ!pﬁwm‘&nm it pgbiacn Yl
] i i of LR U
Domestic waste: 1.5kg/person/day [4]
Ship generates oily bilge water : 20 m* per month 0.3 m*
perdayor0.02m® per 1000GT perday )
0ily sludge: 0.02 m* pertonne of HFD and 0.005 m* per
tonne of MGO
Sewage waste water: max 0.45 m* perperson perday of
which a maximum 0.06m*
Black water : 0.008 m* per day per person
Food waste: 0.002 m* per personperday
[the organic parts can be let out at sea)
Domestic waste : max 0.02 m* per person
Cooking Oil: max0.08 | per person perday
Operations waste: max 0.1m?* per person perday [may
include part of other wastes zswell] [5]

Dosterhuis, F. (2016). Free plastic
waste disposal in the ports of
Rotterdam and Amsterdam,
[January), 1-8.

Part of Rotterdam. (2018). WASTE
DISPOSAL IM THE PORTS OF
ROTTERDAM-RIINRMOND,
31{)anuary).

Port of Rotterdam Authority.
[2015). Port Waste Reception and
Handling Plan.

Ma=im, L. D, Klein, A, Meyer, M. E,
Kuist, C. H., & Lsborstories, A.
[1959). Quantitavtive estimatas of
garbage generstion and disposzal in
the US maritime sector before and
after marpol annexV, 205(27), 195—
2065.
https://doi.org/10.1002/polc.50702
70115

CE Delft. (2017). The Management
of Ship-Generated Waste On-board
Ships.

High

crew related
service cost
&.E. waste
discharge

- IWT

Inland wessels do not have the option to
discharge their waste =t ses 2nd are hence
forced to dispose of all their waste in port. Mo
specific data on waste disposal for IWT
wessels are svailable. Therefore, the data for
the 55 waste generstion and charges are
Eoing to be =pplied.

Mo

High
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Deliverable 1.2

Waiting times

All waiting times have adirect effect and an indirecteffect on the Vessel operstor. In thissection only the direct trawel time increase that increases the cost for the vessel operator is being described.

The incressed wessel density on waterways
may cause the owerzll traffic speed to slow
down in narrow sections of the waterways.
Forthisto be calculated, 3 max vessal/h rate
for = specific width of waterway needs to be
known. This topic becomes especially
impartant when looking at getting closer to
urban =sress, where narrower canals are

b zomiers = Lot distance

‘[ . L+ L cmunteringe
Plestrs Tenzounter T Vinzoun

T oot - @i d time for vesse™T encounts = in canal {h
Ty trawel time {h] or distana {km]

Fischer, M., Treiber, M., &
SGhngen, B. (2014). Madelling and
simulating traffic flow on inland

I::s: stlme sailed upon. f_w;fltﬂf;:ens?imﬁj Fhlr:lmzm ) gﬂa;e:\::rsi_zsuard PIANC Woaorld
congestions | Medium [a speed reduction down to 5-8 km/h is - L‘““’ O;nﬂ: E'ftm.i:::m;ﬁmuf;r kn-g::';lﬁzw ml gress, : High
required when encountering another vessel, . _ -
Speed/flow . . b 3 . Fom o onmeer= redics denoount ring spaad of wesss | or WT {kmyh]
relztion in WT formation t.hls will take Slgn-lﬁtal'lthl' " = redicsdenmunering speedaf sncountering vesmlor | BAW. (2016). Driving Dynomics of|
langar than for a single wessel traveling). NT {kemyh) Inlgng Vesssls. Retrieved from
Fischer et al. (2014} have some sample max ;Efas;ﬁ,:f:::ll.handIe.netjEU.SDﬂ.llQ
densities, 25 part of their modsl results. It
may be that these max densities may not be
the input, but rather the outputs of the VT
transport model and creste  boundary
conditions for the VT.
The waiting time =t bridges is dependent on
the limited capacity at the infrastructure. The
response time for bridges can be quite quick
during opening hours and hawve to be calledin
Waitingtime early sfterhours.
cost &t IMedium | The impact will be enlarged as the VT lensth fes Mo data are available. High
bridges incresses, since bridges will only be able to

prohibit the road traffic for a certain period of|
time before they have to close to let the
traffic pass. During that time, not all vesselsin

the train may be able to pass.
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Infarmation exists for different levels of
detail, full queuing theory, datz input for

Entry Time: xe-[0.44* [L-57]] [xe is distance from lock head
to stop in lock)

Waiting cost at lock : time dependent costs/h * waiting
time at lock

BAW. [2016). Driving Dynamics of

gzt;:f;:';e Large |[specific case studies on e=sch lock passage Yes /// h;:;::j;:fﬁ;;l:ﬁ:;::i;ﬁ?ﬁ Medium
stage. : o 70/104201
|
Wi W8 We 40 3@ oV 18 28 28 08 B4 49 48 68
A - pelation
Port time in particular is extremely relevant Malchow, U. [2010). Innovative
Waiting time for inland vessels, since IWT vessels are not Waterborne Logistics for
cost in port - Large |ziven priority by the terminal operators and Yes Mo dats are available. Contsiner Ports. Port High
IWT therefore have to wait significantly longer infrastructure Seminar 2010, 17.
compared to 55 vessals.
Waltl.ng Hime For 85 wessels, the waiting times in ports are . .
cost in port - Large i ) Yes Mo dats are available. High
o closer to the actual cargo [unjloading times.
This is & cost element that is not yet known
and forms & boundary condition of the VT
concept, &5 2 result of the transport model
Total waiting anzalysis. Each individual is directly affactad,
time for VT Large |since they will have to wait a certain amount Mo
service of time, until the minimum required VT length

iz reached.

Since the results are obtained from the
antirety of the transport model, the
calculation complexity is classified 2= high.
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JiESFiEsFEgYEEETE &
R sTEfr IpiEoqd &
f ol & 4 4 F O F 5 e 0 =
$HLE R L3 0 & 0 E ¥ =
TP t¢ b B OLER =
B ESL fF= | F mp gl
§ £ i ik
? i g
E b ]
- 3
Egg;gz;;ag;_gg
yo i
. , 01711 Bl gl
Fairway dues for waterborne infrastructure 3 A
Brides lack vary depending on the vessel size that makes = g = j wvan Essen, et al. [2012}). An
&% nd Medium | 4= of them and their location. i g % T e s : = f SEEDIEE 5 g"i inventory of measures for T q
Eanal foes Fairway dues [which do not exist in the ; & ;r ;_ internzlising externzl costs in £
Netherlands and on the Rhine) for Flanders 14 ; = § transport : Final report, 127.
# 4 -
are very low. g !'} g
HT
. i | [o fie |5 e ofF[E|32
] ’.—.;.;»53\.5-;&. -i'
1K
| HANR
1 = B
= = = |=|F[F
& g 2
& H [}
o
i
o The operation of the individual vessel does not add any more congestion additional ly to a currently operating vessel. [tisonlyin the VT, where the vessels are clustered, where this may become relevant. This the reason
= why the external cost elements conceming congestion are foundin the subsection of Module 4 that concerns the VT operator.
i
(=]
L=
1]
0
2
" ®° The reason for which the water, air, sound and light pollution is considered as part of the external costs of the vessel operator is that the creation of these pollutionsis dependent on the individual vessels. If these
B
E @ |external costswere to be internalized, they would be related to the operations of each individual vessel rather than the VT.
o o
% (8]
it} wan Ezzen, H., Melizzen,
& The COMI had decided on = wastewster surcharge of . D., Smit, M., ‘\r.an
o 7.50Eur for every 1000 | of gas oil [this surcharge replaces Gr'm’x&’ﬁ::mk*s”
—_— Qily water O5ts i i imi v
= Water Pollution _? Lawr Mo data are available. Yes .any = i for waste water disposal and aims to eliminate Harmsen, 1. (2012). An Lowe 1
- discharge illegal disposal). imventory of measures for
[=] Thisis an average surcharge of 0.082 Eur per km for 2 internalising external
E Class Il and 0,134 Eur/km for 2 Class V vessal. costs in transport : Final
report, 127.
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There are different standards limiting the
zllowed emission per vessel. From these, the
amaount of emissions and the external costs
crested by = vessel can be calculsted.

Eur per kz of main pollutant emitted from transport [1]

korzhenewych et al.
[2014). Update of the
Handbook on External
Costs of Transport. Fingl
Report, (1), 138.

Air pollution

General Medium |Zocietal coststhat are caused by the emission ittps: /{dol.ore/Ref: ED Medium
R ) L 57768 - 1ssue Numbsr 1
of most of these gases consist, for instance,
of incressed healthcare cost, since the official Journal of the
emissions sffect the lung function of peaple European Union, 25-6
living in ares of operations. 2004, Annex XV and X
See genersl description above
Intand and short sea vessels have different Marginal air pollution costs (2010) for inland water
) . . ) transport, EU average, € per 1000 thm Korzhenewych et al.
50w (502} Lowr Enjglnes, which u.se different fue.l. T'..IE sea o Inland Waterways [2014). Update of the .
WT going vessels emit more 50, which iswhy Total: 3.02 euro per 1000tkm, 20108 Handbook an E'ﬂsm_al
tl'.|E|r cost caused to society is significantly Seariver ...:J:.f;::;:!:‘;pcll-l':;ﬂnﬂ
higher. Total: 2.8 [eura per 1000 tkm, 20108 S
) 555
S0 [502) - 55 Lar; Yes , Medium
L ' == 502:6,080° [euro pertonne, 2010}
See general description sbove
Inland Wate rways
Taotal: 3.02 euro per 1000tkm, 2010 Korzhenewych et al.
555 [2014]. Update of the
NMVOC Medium yes NMWOCs: 1,030° [2uro pertonne, 2010) Handbook on External Medium
. Costs of Transport. Fingl
Seariver Report, (1), 138.
Tatal: 2.8 [euro per 1000 tkm, 2010}
Urban areas
NMWOCs: 1,566 [euro pertonne, 2010)
oz Low No Mo d=ts are svailable.
Tagether with 50w emissions, MOk emissions se2 genaral description above
. ) Inland Wate rways
are 8 major concern for the coastal regions. )
Thisis due ta the fact that shipping remains Tatal: 3.02 euro per 1000tkm, 2010 K:q:':gng\.‘.:hgt al.
N - Inland Law | lzrgely unregulated with regard to these Yes Sea-river (2014). Update of the High
amissions. Total: 2.8 [euro per 1000 tkm, 2010} Handbook on External
) . . Costs of Transport. Fingl
Just like for the 30x emissions, the impactof Urban areas Report, (1), 138
seagoing vessel issignificantly larger than the NOx: 10,640% [euro pertonne, 2010) T
emissions caused by inland vessels. 555
MO - 55 Large Yas High

NQ=: 23,7907 (euro partonne, 2010)

* Table 23: Marginal gir pollution oosts (2010 for inland water transport, EUaverage, € per 1000 thm. [p.48). Motor vessels and barges: §50-1000 [average of the values).

2 Table 25: Marginal air poliution o

osts of main pollutants from transport, in € per tonne [2010) (p.

L
® Table 15: Damage costs of main polivtants from transport, in € per tonne (2000) [p.37).

7). average of the five data.
average of the five data.

47

stz (2010] for maritime transport (average load), EUaverage, € per 1000 thm. (p.47). Average of all data.
* Table 15: Damage costs of main pollutants in s=3 areas, in € per tonne (2010 (p
4 Table 15: Damage costs of main pollutants in z2a areas, in € per tonne (2010} (p.
* Table 15: Damage o




Deliverable 1.2

See general description above
Climate change-GHG emissions mostly CO2

Korzhenswych et al.
[2014). Update of the

CO2:0.26% [euroct tkm, 2010}

Costs of Transport. Fingl
Repart, (1), 139,

GHE mainly Large Yas Inland waterways: 3= (2uro/1000 tkm, 2010} Handbook on External High
coz 2 . . Costs of Transport. Fingl
585: 1.87 [euro,/1000 tkm, 2010} Report, (1), 132,
voC Medium Mo data are available. No Mo data are available.
See general description sbove
o o Inland Wate rways korzhenswych et al.
PM [25) ow | The emission of PMis similar to S0x and NOx. Yasg Total: 3.02 (euro per 1000tkm, 2010} [2014). Update of the High
Whilst inland and ses-river vessels have a Sea-river Handbook on External
fairly smzll contribution, sea going vessels . Costs of Transport. Fingl
! = Total: 2.8 1000 tkm, 2010 B
hawve a high societal cost contribution. 5:: [euro per s ! Report, (1}, 135
PM (25) La . High
(25 = PM2.5: 17,240 (euro pertonne, 2010} E
Korzhenewych et al.
Overall ) [2014). Update of the
emissions: | Medium Yes Sea-river Handbook on External Hizh
— - Total: 2.8 (euro per 1000 tkm, 2010) Costs of Transport. Final &
sea-river Repor, (1], 132,
Urban areas-air pollution Korzhenewych et al.
. L PM25: 270,178 [euro per tonne, 2010} [2014). Update of the
The societal cost for emissionsin urban areas " !
Urban areas | Medium |j Ily higher than i | i Yes NOx: 10,640 [eura per tonne, 2010) Handbook on External Hizh
Wie is natura \,rI ig E;Ftr Fatn ::In rural ones, since S02: 10,241 [2uro par tonne, 2010} Costs of Transport. Final g
fmare peaple are anectad. MMVOCs: 1,566 (2uro per tonne, 2010) Report, (1), 138,
C02: 3.2°2 [Ectfvkm, 2010}
Road/Rural /Motorways
- Korzhenewych et al.
The externzl ...:IEtS for the r?a::l transport PM25: 28,108% [surs per tonne, 2010) (2014} Upd“;t& of the
oo sl | e induey, thie ot more | yes |MOX 10:890° [europertonne, 2010) Fandbook on External High
Motorways o= . r\,r_J NMVOCs: 1,566% [guro pertonne, 2010} Costs of Transport. Fingl E
data are avsilable concerning road transport ) e (1}, 138
analysis. 502: 10,241 [euro per tonne, 2010) part, (1, 135
GHG (CO2): 2.0 [Rural) & 2.5°® [Ect/vkm, 2010)
Korzhenswych et al.
Rail [2014). Update of the
. Handbook on External
Rail Medium Yes Total: 0.6 euro ct/tkm, 2010 aneomot an ma High

[m]

7 Table 16 Damage costs of main polivtants in 223 areas, in€ per tonne [2010) (p.37) Average of the five data.

= Table 38: Marginal climate change costs for inland waterway transport, EU average (prices of 2010, € per 1000 thm. {p.&0). Motor wessels and barges: §50-1000 (adding up all the values of the column and divide by 10=3.
of 2010}, € per 1000 thkm. (p.61). Adding up all the values of the Table & divide this value by 50=1.5.

? Table 40 Marginal climate change costs for short s2a shipping, EU average [prices
*=Table 16: Damage costs of main pollutants in ze3 areas, in€ per tonne (2010} (p.37) Average of the five data.
** Table 15: Damage costs of main politants from transport, in € per tonne (2010} (p.37).

I
*2 Table 35: Marginal climate change costs for road transport (cars and light commercial vehicles), EU average (prices of 2010). (p. 58). Average dats of Light commercial vehicles at Urban areas.

*2 Table 15: Damage costs of main pollutants from transport, in € per tonne (20010 (p.3
% Table 15: Damagze costs of main politants from transport, in € per tonne (2010} (p.
** Table 15: Damage costs of main pollutants from transport, in € per tonne [2010) (p.
*% Table 35: Marginal climate change costs for road transport (cars and light commer

cial vehid

*? Table 37: Marginal climate change oosts for diesel trains, EU average (prices of 2010]). [p.&60). Freight-Locomaotive: Urbanand Non-Urban.

48

=), EU average (prices of 2010). (p. 58). Average data of Lizht commercial vehicles at Rural and Motorways.




Deliverable 1.2

Mo data are aveilzble for IMI, sez-river & 555,
Only for urban areas, road/rural/motorways & rail.

) ) ) Urban areas®
Sound pollution in ports or terminals Day 75.5
becomes mare relevant as wessels deliver . Korzhenevych et al.
their goods closer to urban areas. By Night 137.5 (2014}, Update of the
implemanting the VT concept, individusl s Road//Rural /Motorways' Handbook on External PP
vessel owners may end up increasing the Day 0.6 Costs of Tranzpart. Fingl
sound pollution in 2 specific area around the Might 1.1 Repor, (1), 138,
port. Rei |22

Sound pollution
Day 827.2, Night 1977.6in urban areas

Dy 43.85, Might 97.7 in rural areas
[euro per 1000 vkm)

Compared to the sound created inports by

the [un)loading of cargo, the actual operation
of the vessel slong the waterways isminimal.
Thisdependson the number of the crew, as
it represents the amount of noise created by
the work on board.

This depends on the characteristics of the

Mo data are available.

Inside

nuisance Mo dats are available.

Land use J . -
Dutside surrounding area. .
|landscape and R L . . . Mo data are available.
. . nuisance Underwster noise: not specifiedimpact butis
soil gquality

caused by the propellers.
The increass in number of vessels sziling can
have a negstive impact on the nesting places
of birds for instance due to noise creation of
the incressed human =activities. This could
=lso impact squstic species that are affected
by water pollution.
The impact on the nstural habitat by the
Impact on discharge of ballast wster from different
naturzsl habitat geographical aress is 2 concern for seagoing
vessels. They take species from their natursl
environment in one ares of the world and
bring them to another, which can cause an
unbzalance in the ecosystem. There are strict
regulations set concerning ballast water
trestment systems required on board to
minimize the impact.

Mo data are available.

Mo data are avsilzble about this topic coneerning external

Ballast water | Madium .
costs crested from it

External costs due to accidents in ports are
mainly related to water pollution.

These sccidentswould be under very specific
circumstances and have no public record of
it.

Mo data are available.

Accidents Mo data are available.

= Table 28: Illustrative marginal noise costs for the EU*, € per 2000 vkm [p.51). LOWV-Urban, average of dense and thin.
¥ Table 28: Illustrative marginal noise costs for the EU*, € per 2000 vkm [p.51). LOW-Rural + average of dense and thin.
2= Table 28: Illustrative marginal noise costs for the EU*, € per 2000 vkm [p.51). Freight train-Urban and rural, average of dense and thin.
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In coastal
areas

Accidents can cause significant external costs,
howewver large sccidents are fairly rare in the
waterborne maodes of transport. 5o, the
szsessment of such circumstancesiskepttoa
|zter stage in the model development.

Yes

Mo datz =re sveilable.
Dats 2re only svailzble for urban areas, motoreways and
rail.

Urban areas®®: 1.1 [suro ct perfvkm, 2010)
Road/Rural/Motorways**: 1.2 [euro ct perfvkm, 2010}
Rzil**: 0.2 [euro per 1000 vkm)

Korzhenevych et al.
[2014). Update of the
Handbook on External

Costs of Transport. Final
Report, (1), 138,

Hizh

Capital Cost

The costs of the VT operator include the operations of the LV, Such operations are for the most part calculated in a similar way with the FV in Module 1 and 2. These cost elements will not be repeated in the next

section. The next section will howewver emphasise additional cost elements that may affect the VT operator aswell as differences in cost element calculations.

Depreciation

The investment cost for the VT operstor
comprises more than just the investment into

General Large |the LV. The investment would also comprise YIE_S See below. High
of & shore control ststion that oversees the (partial)
operations of the VTs.
The depreciation cost for the vessel is highly
dependent on the business case of the VT o
operator. http:/) )
If the operztor decides to provide 2 products.damen.com/
dedicated service, then a special dedicated En.'ranres.:fast—:rew—
vesse| will have to be built to conform with supplier/fes-2610
the requirements. Since such avessel will be For the deprecstion calculstion of 2 cargo vessel, see the
Depreciation smaller than a cargo vessal, it will also be Ves description for the Vessel operator. HDE.HSTE-'!"J T.l. [2.'?'1.4:5
. Large |cheaper, yettherswillstillbe an investment i For the estimation of = dedicated LV, 2 Damean FCS2610 | Optimizing Building High
of the ship requirement. (partial) fast crew supplier is sued =s guidance vessel which is|Strotegies for Series
If the operator decides to use = cargo vessel estimated to cost around 3 million Eur. Fraduction of Tugs
that has the ability to lead on the other hand, under Capital
the ve.sse.l could be a refit and .thus the Cunsrrul'nrs,Gurinmen"
deprecistion may no longer be applicable. In
case a new vessel were to be used, then the
=ame deprecistion calculations =s for the
vesse| operstor would apply.
The VT technology imbedded into the LV is
i expected to be more complex than for the This is 2 new technology, so only estimations for the
Deprediation FV, since the LV will need to monitor and MNOVIMAR VT system can be made by the developers, on
of the VT Large ! No - N High

technology

2 Table 12: Marginal accident cost estimates, €ctvkm (prices of 2000} [p.25)
22 Table 12: Marginal accident cost estimates, €ctvkm (prices of 2000} (p.25)

guide zll Fys. Itisthersefore expectedthat the
investment cost for the technology will also
be larger.

22 For freight rail transport, the value is €0.2 per 2000 vkm. (p.28).

. HEW-Urban road.
. HEW-Motorway.
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whzt this technology would actually cost. These experts
expect the cost to be around 40,000-60,000Eur.




Deliverable 1.2

Depreciation

Dependent an how the VT operator will be

Information on this is yet to be known. Throughout the

of an shore . set up, itis likely that some forms of a shore .
Medium P ety No development of the system, more detziled information High
control control station will need to be set up to concarning such = station will bacome clesr
station oversee and mansge the different VT. o = ) ) ’

Operational Cost

The operational cost relevant for the VT operations changes dependent on the purpose of the LV. For a dedicated LV, all the in module 1 mentioned cost elements are relevant in addition to the ones mentioned in the

next section. For cargo vessels, only the cost elementsin this section are of relevance.

Manitaring
crew

High

The exact requirements for the monitoring
crew are not known, however one can take
general estimates on monitoring crew cost
fram highly skilled existing crew cots on a
vessel.

The amount of monitoring crew will also
depend on whether ar not those crew
members can perform other tasks on board
and on the number of operating hours within
the VT.

Yes
[partial)

As an initizl estimste, = crew cost of 13.32 Eur/h is
assumed from the 55 crew cost given in module 1.

High

Cost for VT
consolidation
and operation

COwerhead
cost

Medium

The overhead cost of the VT depends on the
business case and the kind of service that it
ends up providing. The pre-sorting of the
cargo may  fall under the additional
sdministrative responsibility of the operator.

See notes on data for repair and maintenance of VT

Repair of VT
Technology

hMedium

Repair costs of the new VT technology are
dependent on the skillset of the monitoring
crew. Maost likely this role will fall to the VT
guidance software developer.

technology.

Since no information is available on the VT technology, any

Maintenance
of VT
Technology

Medium

The Mazintenance costis highly dependent on
the type of technology that is installed on
board and design interface with the user. The
interface may be designed in such a way that
updates can simply be downloaded by the
user, which would keep the maintenance
minimal.

implementation of this cost element will need to be
pushed backinto 2 |ater stage of the research.

The data that will maost likely be used for thiswill be
znnuszl percentage estimations of the capital cost.

High

High

High

Voyage Cost

With respect to the VT cost calculations of a cargo LV, the voyage costsare irrelevant, since they are covered by the income of the cargo transport. Only in a situation in which a LV would increase its fuel consumption
due to the operations in the VT or would have to pay more port dues for waiting for F's would make these voyage cost become relevant within the VT concept viability calculations. For the dedicated vessel, all the same
cost elements are of relevance and are calculated in the same manner, as have been described in module 1. The only cost element that changesis the VT dues, which instead are actually a revenue for the VT operator.
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Deliverable 1.2

External Cost
Each individual vessel does not create more congestion than any current vessel does. When they are however clustered into a VT, congestion may cause cost for third parties. Itis therefore important to understand the
external cost created through congestions by the implementation of the VT. If these costs were to be internalized, they would have to be added to the VT Dues of the FV's,
: . Korzhenswych et al.
- Created due to On high demand routes the clustering of| Inland waterways: 0.4% euraTEU* km (2014, Update of the
=] clustered ) vessel in VT may cause longer waiting times at Yes . ) )
At i Medium locks and ports for third perty users ial 555: 02 Handbook on External High
m . arrival at p party - [partial) P Costs of Transport. Fingl
g- Congestion on infrastructures Regort, [1), 135,
() the waterway Especially for inland navigastion the VT may Mo data are avsilable.
Speed/ flow cause changes for the speed/flow relations However, speed-flow relstions are considered the best
-ﬁ relations on Low |=znd overtaking opportunities for third party Mo method to calculate the external costs of congestion.
| the water usars. Thus, it is taken indirectly into consideration via the
l: external cost values of congestion given sbove.
o
a Urban-areas: 1.8%7 euro ct pervkm, 2010
> Keeping=bridge open for too long may causs Road fRural®/Motorways: 0.4 euro ct pervkm, 2010 Korzhe het sl
. . rzhenevych et al.
™ Due to a ripple effect on the road traffic jams, hence Rzil®*: 0.2 euro per 1000vkm, 2011 2014) Upd:te of the
N _ . itis possible that for longtrains the may have Yes i .
o opening of Medium - Handbook on External Medium
. to close to let some of the road traffic pass| [partial) ) ) of ingl
w bridges . . Knowingthese valuesis only the first part ofthe external | ©osts of Transport. Fing
before it can open again to let the full VT Repart, [1], 138
w pass cost calculation. Itwillbe more of 2 challenge to estimate w Ll .
E the additionzal congestions created by longer or mare
™ frequent bridge opening times due to the VT.
E Congestion on
] the road One can deduct from speed/flow charts, which commaonly
3 The clustered arrival of large amount of] exist for road traffics, what the incresse in external costs
- wessels can not only cause congestions within for an increase in cargo traffic can mean. Korzhenevych et al.
o Due to short the port but also in the roads around it. This . [2014). Update of the
1] . Medi means that society is impacted, since the a5 Handbook on External Medium
= |nterva.l ETrgD WM | ads in that arez become busier. [partial) '.3:;:. || cests of Transport. Fingl
o arriva This =lso needs to be considered when | [ voanis | x| a5 Feport, (1], 132.
o looking st the increase in traffic around [ i o e
E terminals closer to urban areas. [l i L L
| bhsn roscs as 1153}
| [Cotwr roady | oA T 5|
Decey to waterways cause by The closer ‘vessel to vessel interaction’ in the
. Low |VT may cause changes on the waterway Nao Mo data are avsilable.
changesin displacement borders

2% gased on the Low Water Surcharge, which has to be paid on the river Rhine when water levels fall below 3 certain value, GRACE estimates scardity costs between €038 to €0.50/TEU*km at k3ub (...} [p- 18}
22 the UNITE project (Doll, 2002) concludes that there are no external congestion costs in seaport operations (p.17).
2% the UNITE project (Doll, 2002) concludes that there are no external congestion costs in seaport operations (p.17).
27 Table 9: Efficient Marginal Congestion Costs, €ct per vkm, 2010, EUaverage* (p.16). Data of rigid truck at metropolitan main roads: for urban main roads: 1.2 and for urban other roads: 4.7,
2= Table 5: Efficient Marginal Congestion Costs, €ct per vkm, 2010, EUaverage*® (p.16). Average of rural data by rigid trucks.

2% The marginal cost estimate for freight rail congestion as contained inthe most recent version of the Marco Polo calculator (Brons and Christidis, 2013) is €0.2 per 1000 thm [average for EUZT, in 2011 prices). (p.17)
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Deliverable 1.2

Marginal external infrastructure
costs [extra: reduction of
infrastructure costs for road due
to modal shift in favor of WT)

Yes

[partial]

The datz availzble are the following:
Inland waterways: 1.92°° [Ect/tkm, 2010)
Urban areas: 1.5%° [£ct [2010) pervkm)

Road/Rural/Motarways: 0.6°2 [€ct [2010) per vkm)

Rail: .45 [guro pertrain-km)

The environmental extemal costs caused by pollutants of course also apply to the LV operstions, hence they are the same as it wasdescribed in module 1.

The modal shift caused by a successful
implameantation of avisble VT business
concept can cause an impact on the natural
habitat.

Impact on natural habitat

The accident costs for the VT operator are considered the same as for avessel operator.

Korzhenevych et al.
[2014). Update of the
Handbook on External

Costs of Transport. Fingl
Repart, (1], 135

High 2

Mo d=ta are availzble.

Capital Cast

The cargo handling may fall under the VT
operstor, if the sorting and storzge of the
cargo is considered as part of the VT service.
Shore Control

- If this is concluded to be = vishle business
. Medium
Station

case, then the shore control station would
need to invest into monitoring systems that
allow an overview of the sorting and storsge

e —

Depreciation

Since no information is available on the VT
technology, any implementation of this cost
element willneed to be pushed back into = |ater
stage of the research.

Operational Cost

Cargo handling is = cost that can anly be
estimated. Due to the hish competitivenass of|
the business companies are not willing to
share their data.

Az previously mentionad the cargo sortingis 2
possible 2dd gp of the VT service that intends
to improve the efficiency of the vessels that
are used by pre-sorting the cargo that goes
onto different wessel. That way it may be
achieved that wessels only discharge at 2
single port. The logistics and technology of|
such = system is deweloped by 3 NOVIMAR
project partner and thus may be integrated
into different business cases at a later stage
of the T development.

Storsge cost may be 2 cost that is influenced
by the pre-sorting service that is being
developad. Therefore it will be kept 25 2
possible cost crested by the implementation
of the VT.

Cargo
handling at
port

Sorting Cost
Cargo handling ing

Storage costs

See Annexes | & ) from D2.2.

[wan Hassel 2t 2l, 2018, D2.2.)

Any of these data are dependent on the Tool
that MARLD creates for the pre-sorting of the
cargo

[wan Hassel 2t 2l, 2018, D2.2.)

[wan Hassel 2t 2l, 2018, D2.2.)

=2 Table 53: Infrastructure costs of inland navization in France (price-level 2010}, Table 54: Infrastructure costs of inland navigation in the Metherlands (price level 2010) & Table 55: Infrastructure costs of inland navigation in Belgium [price level 2010 [p.75-

76} (1.98+1.56+2. 10)/3=1.52 Average Costs [€ct/thm).

=% Table 51: |llustrative marginal infrastructure costs for EU*, €ct (2000} per vkm [p.74). HEV 7.5- 121, 2 axles-all roads.

=2 Table 51: |llustrative marginal infrastructure costs for EU*, €ct (2000} per vkm [p.74). HEV 7.5- 12 1, 2 axles-Motorways.
=2 Section B.2.2 [p.74) €0.2 to €0.7 per train-km for freight trains. taking the median value 0.45.
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Module 8: Cargo owner

Prefend haulage

Distance cost Large Yeas See Annexes K & L from D2.2. [wan Hassel et 2l, 2018, D2.2.) Medium
Time cost Large Yes See Annexes K & L from D2.2. [van Hassel et al, 2018, D2.2.) Medium
Cargo

handling at Large Yes Zee Annex K from D2.2. [wan Hassel et al, 2018, D2.2.) Lowr
destination

Waiting costs

during cargo Large Yes Annex K from D2.2. [wan Hassel et al, 2018, D2.2.) Lowr

handling

Air Pollution

Of work
wehiclesin
paort

Of truck and
train st end
delivery

The external cost values for the pollution of

the different gases are the same as for the
existing vessels. The main differenceisin the
type of g=zsses that are emitted. Road
transpart emits mostly CO2, whilst ships also
emit S0x.

See air pollutant values from Maodule 1.

See air pollutant values from Maodule 1.

Urban areas: 1.1%% [euro ct per/vkm, 2010}

Korzhenewych et al. (2014). Update

Road sccidents Medium Yes Road/Rural/Maotorways: 1.2** (euro ct perfvkm, | of the Handbook on External Costs High
2010} of Transport. Fingl Report, (1), 138
Operational Cost
The stock in transit takes into consideration
that the good is also part of the owners'
Stockin Large stock, whilst still being transported, yet not Lew *ﬁ
transit providing the owner with accessto the good. Yes L: average lead- tlmE[daF? Medium
The longer the good tskes to resch the v: value of goods[EUR/unit)
owner, the more expensive it becomes for the h: Holding cost (3 year)
shipper.
1 —
Safety stockis = buffer of inventory that helps E* vehex/ld+ D%
deszling with fluctuationsin demand. Value is R: Annual valume [units,
Stock Safety stock Tz inﬂuer?ced by the amount of risk that an Yes K: Safety factor [ :I (Blauwens et 2l., 2008) hMedium
individual shipper is willing to take and is d: variance of daily demand (units® 2 /day)
thereby very case dependent. D: Average dzily demand(units/day)
I:variance of lead-time [days"2)
In generzl, the cycle stock considers the
amaunt of time during which a good spends
Large |in stock before it is consumed. Cycle stock l 323 veh "
Cycle stock Yes hMedium

declines with the rate of the demand. When a
new shipment delivers the goods, the stock

rises back to its initial level.

O Loading capacity (units)
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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&l 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:

Year0:+7%

Year 1:+3%

Year 2 : -4%
Year 3 :-7%
Year4:-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.

- | 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 jt. 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

7 7

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