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Preface

Being born and r ai s e-Hertoagenbosch ehave always beeh 6 s

surrounded by different waterways (small ones like the Zuid Willemsvaart

and large one like the river Maas) and seve ral shipyards (the old Verolme
shipyard in the city of Heusden for example). It was during a visit to this

yard when | was still at elementry school that my interest for shipbuiling

and shipdesign was formed.

During my study of maritime technology at th e Delft University of
Technology | also developed an interest in the economics behind the ships
we w ere used to design.  Therefore the choice to speciali  ze in the field of
shipping management was easily made. Prof. Van de Voorde and Prof.
Meersman offered me the opportunity to develop a master thesis, in
cooperation with the Universtity of Antwerp, which would give a new
technical solution to  reactivate the use of the small inland waterways which
was also economically viable. This master thesis has been the start for the
development of this PhD-thesis. This PhD thesis will now connect my
interest in the design of new ships and their economic viability, and apply

them to a situation which is all to o formiliar to me.

The thesis will combine the design/techni cal knowledge with the
logistics/transport economics aspects. The ec onomic theories applied in this
thesis will not be extensively discussed because it is only my aim to apply

these theories to determine the competitiveness of the small barge convoy
system .

Although writing a thesis is an individual task, many more people were
involved. So this is the moment to express my gratitude to them. First of

all, I would like to thank my promoter professor dr. Eddy van de Voorde. He
was always there to provide me w ith advice and feedback on my work. His
incredible speed of reading text and commenting is always very much

appreciated by me

| would also want to thank Prof. dr. Meersman, Prof. dr. Verhetsel and Prof.
ir. Hopman for commenting on earlier drafts of par ts of this thesis. Their
suggestion and comments were also very much appreciated. Also the
comments and suggestions , on earlier drafts of the thesis, of Prof. dr.

Rothengatter, Prof. dr. Savy and dr. Vanelslander where very much
appreciated.

I would also like to thank dr. ir. Martin van Hees for making the Quaestor
software available to me.

| am also very much in debt with my sister Laura van H assel for making the
first effort  of improving the English in this thesis. The second person who |

want to expre ss my gratitude is Prof. Braecke for his time and effort that he
has put into the thesis to improve the English even furthertoa @ P hlBvelo.



Of course, many more colleagues should be credited as they have
contributed to a pleasant and inspiring working atmosphere.

Last but not least, | would like to thank my parents, who have always
encouraged me and given all possible support to me to study.
Edwin van Hassel

0 Hertogenbosch / Antwerp
September , 2011
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1. I ntroduction

1.1 Background of the thesis

Inland shipping in North Western Europe is well known transportation mode
which can make u se of a large and dense inland wat erway ne two rk.

However in the last 45 years no n ew small inland ships have been built. As
aresult the small inland fleet is diminishing , and only in Flanders 4 ,000, 000
tonnes of cargo (WenZ, de Scheepvaart , 2009) transported to and from
companies located at the small inland waterways, by small inland s hips, risk
being shifted to road transportation. Those tonnages are then added to the

already heavily congested road network. These extra tonnages and the
potential further increase in cargo flows will lead to more investments in

expa nding the existing roa d capacity while the available infrastructure of
the small waterways will not be used at all. This small waterway capacity is

very much needed to deal with a part of the total tonnages that have to be
transported from the seaports of Rotterdam and Antwerp to their respective
hinterlands.

Another consequence of the diminishing small inland fleet is that the

diversity in the total inland fleet will disappear. The new ships that are

being built are increasing in size and therefore the available sailing area of
these ships is reduced because those large ships can only sail on a limited

number of inland waterways. Therefore there is a large risk that there will

be only large inland ships left in the future, while more than 50% of the

inland waterway network can only be used with smaller (<600 tonne) ships.

Due to a lack of new building of small inland ships, the increasing age of the

small inland fleet and no new starters on small ships, without intervention,

in the near future the small inland waterways risk not being used at all. This
will possibly cause companies, which are located at small inland waterways

to use road transport instead of inland navigation or to relocate their
activities.

However, due to growing road congestion and an increasing awareness of
environmental care, the small inland waterway network can play a vital role

in providing solutions to these problems. North -West Europe ( the
Netherlands, Belgium, Germany and northern part of France), consists of a
dense network of (small) inland water ways which connects many regions to
important hubs like the ports of Rotterdam and Antwerp, enabling transport

of a part of their hinterland cargo over these small inland waterways.

1.2 Objectives of the thesis

The objective of this thesis is to gain insi ght into the existing problems
concerning the diminishing small inland fleet and, as a result of that, a
reduction of the use of the small inland waterways. The second objective is
to develop a new inland navigation concept that could be used to reactivate
the use of the small inland waterway network. The third objective is to
determine the optimal design for the concept developed (network and ship
design). The fourth objective is to research the possibility of implementing,
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in an economically viable way, t he small barge convoy system via suitable
business cases.

The four main objectives are now reformulated into five main research
questions :

1) What are  the existing and expected problems concerning the use of small
inland waterways with the present small inland fleet ?

2) What type of solution could be developed to reactivate the use of the

small inland waterway network ?

3) How does the proposed solution work? What is the optimal design of the
proposed solution ?

4) Is it possible to construct a suitab le business case for the developed
solution ?

5) How could the  developed solution  be implemented and how will the other
modes react to the introduction of the proposed solution ?

1.3 Methodology

The main research will be divided into five main research ar eas each with
their own research goals:

A) Problem definition

This part of the research deals with the existing and expected problems
concerning the present small inland fleet on small inland waterways. The
existing problems are researched along with th e reason behind the lack of
new small inland ships via a literature study. Also the effect of losing the

small inland waterways on the external costs will be taken into account.

B) Providing a potential solution

Based on the results of the research of the problem definition an innovative
inland navigation concept based on a barge convoy will be proposed to
provide a solution for the problems mentioned.

C) Modelling of the proposed solution

Within this part of the research the small barge convoy system will be
researched. This research area can be divided into several smaller sub -
areas which all need to be researched.

1) Network design
In this part of the research the several network design options,
limited to the developed small barge system, are analyse d, e.g.:
what is the number of barges to be pushed, to which waterways and
at which speed?
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2) Tug and barge design
The barges and tug that are used do not exist yet. Therefore new
designs should be made. The designs will be based on the main
design parame ters, such as: required speed, cargo carrying capacity,
number of barges push ed by the tug, type of propulsion system
(diesel direct, diesel electric). The barges and tug will be designed to
comply within the rules of the shipping inspection
(Ascheemwsaparcttiied) and the rules of the Ger m

3) Generalized cost calculation of the small barge system
Based on the chosen network and the designs made for the
developed concept, the transportation and total logistics costs will be
determined.

4) Price setting / Competition research
Besides the (generalized) costs of the small barge convoy system,
also the (generalized) costs of the competitive modes must be taken
into account. Based on the generalized costs of the developed
concept and the competito  rs it can be determined if the small barge
convoy system can offer a competitive price.

D) Applications of the small barge convoy system

When the design of the network, tug & barge convoy, transportation costs

and prices of the new concept are known, a concrete business case will be
made to see if it is possible to invest in the small barge convoy system. In

order to determine if the small barge convoy system can be implemented, a
minimum value of the internal rate of the return (IRR) must be achieved.

E) Implementation research

In this part of the thesis, the start -up phase of the small barge convoy
system will be researched. What are the start -up costs, how many barges
should one start with  ? Also an overview of the strength and weaknesses of
the sma |l barge system  will be researched via a SWOT analysis. Based on
this analysis several strategies will be developed in order to deal with the
weaknesses and threats of the system.

Research areas A to E show that the total research will consist of: a
techn ical / nautical part and a network / economic part which will be
combined into a single research project.

Part A of the research (problem definition) is researched ships via a
literature study. Part B will partly be based on a literature study and partly
on my own insights and creativity.

For research area C ( Researching the proposed solution ) a computer model
will be made which will be programmed in the program Quaestor *. The
model will be developed to gain insight in the dynamics of the developed

1 Quaestor is a knowledge management system software tool developed by Qnowledge. It is

a development platform, working environment and management to ol for engineers, enabling
integration of design configuration, calculations and the generation of drawings and graphs.
http://www.qnowledge.nl
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concept and it will give the design of the barges and tug which are used

within the concept. Also , the competiveness of the developed system will be
determined in this model . For the graphical out put of the tug and barge
designs the program Rhinoceros  ? will be u sed. The Rhinoceros model will be
integrated into the total Quaestor model. From the model it must be clear
what the influence will be on the generalized transportation costs and
therefore on the competitiveness of the small barge convoy system if the

design of the barge is changed or if a different network is chosen. Also
influences of the size of convoy, the sailed speed, the chosen sailing regime

on the competitiveness must become clear.

For the application research (D) the developed model will be appl ied on the
Flemish small waterway network . The implementation research (E) will also
be based on the developed model.

1.4 Results of the thesis

The total research must give, at first, an insight into why the small inland

ships are disappearing and why it is important to revitalize the small inland
waterway network. The research must give insight into whether it is

possible to implement the small barge convoy system in a real case. The

result of the research must be a potential business case that could be u sed
by an investment company / inland shipping company wanting to invest in

the new concept. Besides potential business case(s) also the preliminary

designs of the developed barges and tug will be available.

The aim is that the small barge convoy system s hould not only be a
competitive and a profitable business but it must also provide emission and
congestion reduction for cargo transportation compared to road haulage.

1.5 Outline of the thesis

This thesis is divided into five different parts. In figure 1 .1 a schematic
overview of the outline of thesis is given. The first part, background, will be

dealt with in chapter 2, with a description of the inland navigation structure

and the current and potential market on the small inland waterway network

in Fland ers. Chapter 3 will deal with the problems in the small inland
shipping segment. In chapter 4, the new inland navigation concept will be
presented which could deal with the problems mentioned in chapter 3.

2 Rhinoceros is a 3D cad package that is used to draw the 3D designs of the barges and tug
http:// www.rhino3D. com
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The second part, the model, will consist of chapters 5 to 13 . In chapter 5 an
overview of the developed model will be given. In this model the small
barge convoy system will be modelled which will consist out of several sub -

models. In chapt er

6 the first sub -model is given which will deal with the

different network design options.

In chapter 7 the designs of the barges and tug are given along with a
description of the wused design algorithms. In chapter 8 the cost
calculations, for the smal | barge convoy system, are given. In chapters 9
the external costs and in chapter 10 the generalized costs are determined.
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In chapter 11  the net present value calculation of the small barge system is
given . Chapter 12 of this thesis will deal with the mode ling of the
competitors of the small barge system. Chapter 13 will deal with the
competition modelling of the small barge system in a competitive
environment.

In the third part of the thesis, Applications, the model is demonstrated with

a complete case s tudy of the Flemish small waterway network including a
future scenario analysis (chapters 14). In chapter 14 designs are made for

the needed tug and barges and suitable business case(s) will be developed.

In chapter 15 an infrastructure variation analysi s will be performed to
research the influence of network characteristics on the small barge convoy
system and its competitiveness towards the other modes.

In t he fourth part , called i mplementation research, it will be determined in

which way the small barge convoy system could be implemented and built

up. Also the needed crew and personnel that are needed for the tug and

barge syste m will be determined (chapter 16). In chapter 17 a SWOT
analysis of the small barge system will be made. This chapter will give an
overview of the strong and weak points of the developed concept.

In the last part of the thesis the main conclusions, the main conclusions are
presented and recommendations will be given on if and how the small barge
convoy syste m can be implemented (  chapter 18 ).
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2 . Inland waterway t ransportation

2.1 1 ntroduction

This chapter will start with a general introduction of the inland waterway
system in North West Europe. The second part will deal with the used
definitions for sm  all waterways and small ships. Finally the chapter will deal
with the market and transported tonnages via the small inland waterways in
Flanders.

2.2 Inland waterway system

The inland ships that are sailing on the inland waterways provide a
sustainable a nd reliable transportation mode. In the Netherlands 40% (and
in Flanders 11.5% ) of the total transported cargo is transported with inland

ships (Meersman et.al. 2008). These inland waterways have a spare
capacity, contrary to the already heavily congested roads. Therefore, these
inland waterways can play a vital role to deal with the growing demand for
transportation in the Netherlands and Flanders. In figure 2.1 an overview of

the inland waterways in the Netherlands and Belgium is given.

Figure 2.1: Inlan d waterways in the Northwest of Europe

Source: BureauV oorlichting Binnenvaért, 2009
Figure 2.1 shows that the inland waterways form a dense network that
connects the two main ports in the Hamburg - Le Havre range (port of
Rotterdam and the port of Antwe rp) with its hinterland. That hinterland
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consists of the Netherlands, Belgium, Germany, the northern part of France

and even Switzerland (via the Rhine). There are large differences between

the waterways in Northwest Europe. There are large rivers (Rhine, Waal,
Scheldt and Maas), there are small rivers, where only small inland ships can
sail on, and there are men  -built waterways (either large or small). Every
waterway has its own characteristics and own maximum type of inland ship
capable of sailing on that waterway. All these waterways are categorized

into different E.C.M.T. (= Conférence Européenne des Ministres de
Transport) classes which are given in table 2.1. The classes are based on

the maximum dimensions of the ships that are capable of sailing on th at
waterway.
Table 2 .1: O verview of the different waterway classes with their ship dimension
criteria
Length Width Draft Air draft

Class Payload (tonne

m | m (m) yload (tonne)
| 38,50 5,05 1,8-2,2 4.0 250-400
Il 50-55 6,6 2,5 4t05 400-650
1] 67-80 8,2 2,5 5t05 650-1000
v 80-85 9,5 2,5 5,25-7 1000-1500
Va 95-110 11,4 2,5-4,5 5,25-7 1500-3000
Vb 172-185 11,4 2,5-4,5 9,1 3200 (barge convoy 1x 2 barges in length)
Via 95-110 22,8 2,5-4,5 7-9,1 3200-6000 (barge convoy 1x 2 barges a breast)
Vib 185-195 22,8 2,5-4,5 7-9,1 6400-12000 (Barge convoy 2x 2 barges)
Vic 193-200 34,2 2,5-4,5 9,1 9600-18000 (Barge convoy 2x 3 barges)
Vilb 195/285 34,2 2,5-4,5 91 14500-27000 (Barge convoy 3x3 barges)
Source: New classification of inland waterways 1992 CEMT

The m ain dimensions of the ships are limited by either dimensions of the
smallest locks located on that waterway (length and width) or by the depth
of the waterway (draft). The air draft is limited by the height of the bridges
crossing the waterway.

2.3 Definit ion of small inland waterways

In BCl (2008) small waterways are defined as waterways of class IV and
smaller. On those waterways, ships can sail up to 1.500 tonnes payload. In

this research , small waterways are considered to be of class Il and smaller.
Waterways of class Ill and IV are classified as medium sized waterways
rather than small waterways. The waterways of class V and larger are
considered large waterways. Figure 2.1 shows that small waterways (green
ones) cover a large region in the Flemish hin terland of the port of Antwerp
and in the Netherlands of the ports of Rotterdam and Amsterdam.

2.4 History of the small inland waterways

In 18 ™ and 19 ™ century , the use of inland ships, especially in the
Netherlands and Belgium , was the only economicall y viable way to

10
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transport cargo over long distances. As a result of that , a dense waterway
system was built to connect many important economic regions. The
characteristics of the waterways were based on the ship dimensions of

those days.

The man -made sm all inland waterways in the Netherlands and Belgium

were built in the 19 ™ century to connect the major industrialized regions of

those days. The Zuid -Willemsvaart (in Belgium), for instance, was built in

1806 for Napoleon who ruled Europe in those days. | n 1822 , King Willem |
of the Netherlands updated the canal and increased its length. Willem |
connect ed t-Hestogenbosch to the cities Maastricht and L iege. The
original plans to build a men - made waterway date from 1645 (Bruggeman
2001). The basi c characteristics of  the waterway (lock size, width , etc have
not changed up to now. In figure 2.2 the trajectory of the Zuid Willemsvaart

is given.

Figure 2.2: T rajectory of the Zuid Willemsvaart
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In Flanders, the small inland waterways were built to connect the port of
Antwerp with the main industrialized areas such as L iege and Leuven. The

canal Leuven -Dijle, which was built in 1750, was also built to connect
Leuven with the river Scheldt to enable sea going vessels to enter the city
port and ther efore boost the local economy.

2.5 Definition of small ships

In the inland shipping sector only a small number of different ship types are

used. These ships are -categorized according to their payload and
dimensions. The names of the ships are taken from the regions where these
ships can sail. In table 2.2 the different ship types are given.
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Table 2 .2: O verview of the current inland ships (with small ships indicated in bold)
Ship type Tonnage| Length | Width Depth |Waterway class

[tonne] | [m] [m] [m] [-]
Spits 250-400 39 5.05 2.2 Il
Kempenaar 400-650 55 6.60 2.5 Il
New type of Kempenaar | 400-600 63 7.20 2.5 I
Canal du Nord schip 800 60 5.75 3.2 [
Dortmund-Ems-Kanaal 968 67-81 8.20 2.5 i
Rijn-Herne-Kanaal 1378 80-85 9.50 2.5 I\
Large Rijnschip 2160 95-111 114 2.7-3.5 Vv
Large container ship 470 TEU 135 17.0 3.0 \i

Source : Promotie Binnenvaart Vlaanderen

According to BCI (2008) , small ships are ships with a length smaller than

86 meters and a payload of less than 1.500 tonnes. These are the ships

that can sail on the class IV waterways. This definition is adopted in Europe :
while the ministry of transportation in the Netherlands defines a ship with a

payload less than 1.000 tonnes small (class IlI). A reason for this
distinction can be a political one. The problems concerning the decreased
supply on the small waterways are widely accepted so that governmental
interference is expected. Therefore the sector wants to define the class of
small ships as widely as possible so that as many ships as possib le can be
served by governmental aid. In this research, however, small ships are

defined on the basis of their dimensions, where the criteria for small ships

are:

- Length less than 55 meters
- Draft less than 2.5 meters
- Width less than 6.8 meters

These ships have the opportunity to sail with only a captain on small
waterways with criteria in the Netherlands ( = Alleenvaartregeling)
(Jaarbericht Inspectie Verkeer en Waterstaat, 2004). According to these

criteria , in table 2.2 only the Spits and the Kempenaar are considered to be
small ships. The ships up to 1.500 tonnes are in this research defined as

medium sized ships. Ships larger than 85 meters are defined as large ships.

The reason for this definition of small ships is based on these criteria th at
small ships can sail on every class Il waterway. Ships with a length of 63

meters (new type of Kempenaar) cannot sail on every class Il waterway

due to length restrictions of the locks located on those waterways.

2.6 Realized demand on the Flemish  tota | waterway  network

Via the waterways in Flanders 35,000,000 tonnes of cargo are transported
each year. This is shown in table 2.3 where the total transported tonnages
via the Flemish waterways are given.
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Table 2.3: T otal transported tonnage via the Fl emish waterways
2007 2008 2009
[tonne] [tonne] [tonne]

Loaded | 30,750,129 | 31,254,942 | 28,085,189
Unloaded | 9,164,633 | 8,778,580 | 7,849,199

Total 39,914,762 | 40,033,522 | 35,934,388
Source: PBV, 2009a

Twenty million tonnes of the total transported tonnage s (50%) are loaded
or unloaded on the Albert canal. Of total transported tonnages in 2009 ,
450,000 TEU where transported to the inland terminals in Flanders. In

figure 2.3 , an overview is given of the inland terminals.

Figure 2.3: Overview of inland cont ainer terminals in Flanders

S TN

Source: PBV , 2010
Note: numbers indicate the location of the container inland terminal s

From figure 2.3 it can be concluded that almost all the inland container
terminals are located at large waterways (class IV and larger) . There is only
one container terminal located at a small waterway (Leuven -Dijle) where
this terminal is completely dedicated to Cargill. This company transports its
containers from the inland terminal to the port of Antwerp (4,000 / 5,000

TEU per year). | n figure 2.4 , the evolution of the total container traffic to
these inland terminals on the Flemish waterways are given.
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Figure 2.4: E volution of the container traffic in Flanders
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There has been a strong increase in container traffi ¢ from 1997 to 2007
(from 60,000 to 515,000). In 2008 the amount of transported containers
declined a little bit from 5150,000 TEU to 500,000 TEU while in 2009 the
transported TEUs decreased to 2005 levels due to the economic crisis of
2008.

2.7 Demand on the small waterways

2.7 .1 Current demand

In figure 2.5 the small inland waterways in Flanders are shown. Where in
table 2.4 the total transported tonnages to and from those waterways in
2007, 2008 and 2009 are given.

Table 2.4 shows that more than 4,000 ,000 tonnes of cargo per year are
loaded and unloaded on the small waterways in 2008 and 2009. The largest

part of the transported tonnages is loaded tonnages that have an origin at

one of the small waterways. The majority of the loaded tonnages are of
NTS/R category 6 (building materials = sand) and a large part is of NTS/R
category 2 (oil products). All these tonnages account for 160,000 truck
movements per year in Flanders (based on 25 tonnes per truck). All these

truck movements will be added to the alr eady congested road when they
are not transported via the small inland waterways.

If the market of the small inland waterways is compared to the total
potential demand on the small inland waterways given in table 2.4, it can

be concluded that the small wa terways are responsible for 10% of the total
market. This is an indication that the small waterways are not used as
much as the large ones.
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igure 2.5: Overview of the small inland waterways in Flanders
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Source: original igure from PBV

Table 2.4: O verv iew of the transported tonnages per year on the small waterways

Waterway
Waterways administrator 2007 2008 2009
Dessel-Turnhout-

1) Schoten NV de scheepvaart 764,173 | 811,295 882,228
2 Bocholt-Herentals NV de scheepvaart 2,165,730 | 1,940,455 | 1,525,855
(3) Zuid Willemsvaart NV de scheepvaart 525,919 | 632,633 | 661,054
(4) Dender WenZ 493,458 | 474,752 | 521,822
(5) Leuven-Dijle Wenz 217,313 | 195,539 [ 412,203

total 4,166,593 | 4,054,674 | 4,003,162

Sources: NV de Scheepvaart and WenZ year reports 2007, 2008,

2009

There are not a lot of containers transported via the small waterways. Only

on the Leuven -Dijle canal there is a container flow to the port of Antwerp.

The reason for the limited amount of containers transported is that there

are no container termina Is at the small waterways. Another problem with
respect to the small ships is that they have to deal with long waiting times

in the port. The reason for that is that the number of containers which has

to be unloaded (or loaded) per call are small (<16 TEU maximum) , and the
terminal operator has to deploy a complete crew. Therefore , the deep sea
terminals prefer to handle bigger deep sea vessels instead of the (small)

inland ships. This increase in waiting time will decrease the reliability and
increase the costs (for crew); therefore road transport is a suitable
alternative, especially on short distances (see also section 3.4).

2.7 .2 Potential demand

The total available market for the on the small inland fleet in Flanders
consist s of cargo flows either hav  ing an origin or destination in the port of
Antwerp and an origin or destination at the small waterways in the

15



Chapter 2:Inland waterway transportation

Flanders. In  figure 2.6 , the different waterways are shown while in table 2.5
the total potential cargo flows are shown.

the dlﬁerent small Waterwa s in Flanders

Figure 2 .6: O verview of

Source: original flgure from PBV

Table 2.6: Total potential cargo flows from the seaport Antwerp to the different
waterways

ROUTE 1] ROUTE 2 ROUTE 3 ROUTE 4
Leuven- Deseel -Turnhout- Bocholt-
Small Waterway Dender Dijle Schoten Herentals
Cargo flow containers (in) [TEU]| 2,250 7,500 8,140 -
Cargo flow containers (out) [TEU]| 2,720 12,600 9,950 -
Cargo flow bulk (in) [tonne]| 233,500 | 128,000 10,000 231,461
Cargo flow bulk (out)  [tonne] - - 84,000 463,248

Sour ce: Waterslag (2008), FISN data (2008), cargo flows WenZ and NV de
scheepvaart (2009)
Note: all containers are loaded, no empty containers in the cargo flows

The available market consists of existing inland navigation cargo flows
taken from cargo flow dat a of NV de Scheepvaart and WenZ and cargo
flows that currently are transported by road (BCI, 2006, WenZz, 2008 and
Scheepvaart, 2008). These cargo flows come from companies located at
small inland waterways and having an origin or destination at the port of
Antwerp. In table 2.6, the total potential cargo flows can be found.

Besides the available and potential market for cargo which have an origin or
destination at companies located directly at the small waterway there is
also a potential market which inclu des cargo flows which have a n origin or
destination in the proximity of the small inland (see also section 4.4

available markets for the developed concept). It has to be researched how

many additional road kilometres can be added to the developed system an d
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which types of goods are suitable for this . I n section 13 .4 this analysis will
be done .

Besides the traditional bulk and container markets also the so -called third
wave of palletized cargo could be part of the potential demand. How ever, to

get these car go flows on the (small) inland waterways three items are
important (Verbeke, Macharis, Cornillie, 2007 ):

- Acritical mass is needed (for the inbound and outbound)
- There is maximum allowable road distance that can be added

- The transportation price of the co mbined inland waterway transport
and pre and on carriage must be lower than the price for direct road
transport.

Because no studies are available indicating that there are enough palletized

cargo flows and because similar projects of palletized cargo tran sported via
the inland waterways have failed (D istrivaart concept °) due to the large
complexity of organizing palletized cargo via the inland waterways (multi

modal) and the absence of large transport volumes (Jansen, Verver, 2008)

these cargo flows of th e palletized goods are left outside this research.

2.8 Supply on the small waterways

Two main modes of transportation are available to companies located at the
small inland waterways. First there is road transportation. All the
companies, located at the small inland waterways are connected to the road
network so that trucks can also reach their premises. The other mode is

inland navigation on the small inland waterways. Inland ship types that can

sail on the small inland waterways are the Spits * and Kemp enaar°. It is
expected that the number of these small inland ships will de crease even
more in the near future . The reasons for this decrease can be found in
chapter three, where the problems in small inland fleet will be discussed.
Moreover, two different types of solutions  have already been  developed to
deal with the reduction of supply on the small inland waterways. The first

one is the Neo -Kemp co ncept and the second solution was the Waterslag
project.

Neo-Kemp (small inland container ship)

The Neo -Kemp vessel is a small inland container ship (63 m length, 7 m

wide, maximum 32 TEU loading capacity) introduc ed in 2000 by the Dutch
company Neo Logistics Services. The wheelhouse is loca ted at the bow of
the vessel so that a good visibility is obtained with out the need to lift the
wheelhouse. Nine of these ships were built. These ship , where deployed on
waterways where the larger vessel could not sail. The investments are
relatively high and these ships can only be used by crew members who are
employed by a shipping company instead of a small independent
entrepreneur (BCl 2008, Konings 2004).

3 Distrivaarti s aconceptinwhicha  ship was used to transport palle tized cargo via the inland
waterway network.

4 Inland ship type wit  h an average loading capacity upto 450 tonnes

® Inland ship type with an average loading capacity upto 65 0 tonnes
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Due to the dimensions of this vessel it cannot serve the small inland

waterways of CEMT class Il and smaller. The length and the width are too

large. The NEO -kemp ships were sold in 2003 to the Mercurius shipping

company, where these are now operated as fAnor ma

Waterslag project (push barge coupled with a small ship)

The second project that has been developed for the reactivation of the small
inland wate rways is the Waterslag project. In this project a small push

barge - whic h can independently pass a lock is coupled to a ficl assi
inland ship. The loading capacity of the ship is doubled; as a result a more
competitive price can be offered. This coul d lead to a positive contribution

towards mobility, economy and environment. The pushed barge will be
specially designed for the use on the small waterways in Flanders and the
south of the Netherlands (Waterslag, 2006 -2008).

The project was successfully i ntroduced in 2008 but the concept is now

taken out of use due t o the crisis (2010). The down side of using this

concept is that still a small inland ship needs to be used. The main

problems concerning the reduction of the captains and the changed social

conditions of not willing to live on board of the vessel are not tackled with

this concept (see chapter 3). Also the small inland ship has to push the

barge on large waterways, which will reduce the total speed of the convoy

and therefore it will increase th e crew costs by the increase in travel time or

the total convoy wil/ sai l at its Anormal o sp
needed and the fuel costs are increased.

If the supply on the small inland waterways is decreased, then the small
inland waterways cann ot be served so that the companies located at those
waterways will have to opt for another transportation mode. This other
mode will be road transportation because the companies are not connected

to the train network.

2.9 Summary

In this chapter , an overv iew is given of the existing inland waterway
infrastructure and the actual demand on that infrastructure. Also the
definition of the small inland waterways and small inland ships has been
presented, along with the historical background of the small inland
waterways. Besides the demand of the companies located at the small
inland waterways also the current supply is described.

Now that an overview is given of the inland navigation sector, the existing

and expected problems concerning the use of the small i nland waterways
will be dealt with in chapter 3.
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3. Decreased supply of smallinland ship s on
the (small) inland waterway network

3.1 Introduction

A lack of new building of small inland ships, the increasing age of the

existing small inland navigation fleet and no new starters for small ships are

the major reasons that, without intervention, in the near future the small

inland waterways risk not being used anymore. Due to a shortage of supply
on the small waterways, companies, which are located at small inland

waterways, will use road transport instead of inland navigation or they will
relocate their activities.

However, due to growing road congestion and an increasing awareness of
environmental care, the small inland waterways can play a vital role in
providing solutions to these problems. These waterways, especially the
small ones in the Netherlands and Belgium, connect many regions to
important hubs like the ports of Rotterdam and Antwerp, enabling transport

of a major part of their hinterland cargo o ver these inland waterways.
Therefore , it can be worthwhile to re -commercialize the small inland
waterways.

In the first part of this chapter , an analysis will be made to determine why
there are no new small inland ships. The second part will determine wh y the
current small inland fleet is reduced and what the thre ats are for the
remainder of the small inland fleet. The third part will deal with a specific

problem concerning the use of (small) inland ships in a deep -sea port. The
fourth part addresses the impact of losing the small inland ships. The fifth

part will discuss the existing small inland waterway infrastructure, while the

sixth part will treat of the impact of losing the small inland waterways.

Finally, the conclusions of this chapter are formula ted.

3.2 Lack of new small inland  ships

This section of chapter 3 will deal with the analysis behind the lack of new

small inland ships. In figure 3.1 , a schematic overview is given of the
mechanism that will lead to the lack of new small inland ships. Th is lack is
explained by the lack of cash available in the sector because the small

inland shipping sector is not viable anymore. The major underlying reasons

for the lack of cash and therefore no new -building of small inland ships are:

- Competition of othe r modes of transportation and other inland ships
- Economies of scale of the inland fleet

- Banks / investing companies not willing to invest in small ships

- New ship -owners not willing to operate a small ship

- Entry and exist barriers

These major reasons are f  urther explained in the upcoming sections of this
chapter.
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In figure 3.1 the four different shipping markets are given (Freight, Sale &

purchase, newbuilding and scrap market) (Stopfort , 1997). The first market
that is described in this figure is the frei ght market in which the small inland
ships have to operate. In this market , the ships have to compete with its

main competitors:

-  Road

- Train

Other inland ships
o Large inland ships
o Small inland ships

- intermodal transport (combination of inland ships , trai ns and road)
Figure 3.1: Overview of the cash flow mechanism of inland navigation
Freight Market No cash Scrap market
Small
Demand ships Demo vyard
High

Road Haulage

V\T l T Scrap Price

l T Inland navigation
A//' (internal comp.) Low
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Small ships No investment Low
in small ships
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Ship owners (sellers)

Sale & Purchase market Newbuilding market

Source: own composition based on Stopford , 1997

Due to this severe competition of road transportation and larger inland
ships small ships do no t generate enough money while large ships can.

Due to the lack of cash (own equity and debt financing) not enough m oney
is available to buy second hand ships and as a result the price of those
ships will be r educed. As a result, the second hand market, i. e. the sale &
purchase market, will hardly generate money and no cash will be moved

into the small inland shipping (SIS) cash flow. If the second -hand prices
drop and the market conditions are bad, no new ships will be ordered.
Therefore there will be no n ew - building market for the small inland ships.

The only cash that will flow into the SIS cash flow will come from the scrap
market or the rebuilding market. In the latter , the ships will be transformed
into a living ship for example. As a result , the numb er of small inland ships
will reduce.
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3.2 .1 Competition of road transport , large and small inland ships

There are three different types of competition for the small inland ships.
First, there is the competition of road transportation. Companies which are
located at small waterways are also accessible for road transport, which can
provide a complete door -to-door service, so that these trucks will be the
main competitors for the small inland ships on the small waterways.

The second type of competition is th e competition of the large ships (of
1,350 tonnes and larger) on the large waterways. Due to the economies of

scale of the larger ships they can transport cargo for less cost per load unit

than the smaller ones. Therefore , the small ships cannot compete wi th the
larger ships on the large waterways. Small (and medium -sized) inland ships
can be used to transport cargo to companies located at large waterways if

only small call sizes are required. However, the small inland ships will

mostly sail to destinations or origins at small waterways and therefore their
biggest competitors, as mentioned before, are the trucks. An exception can

occur when the water levels on the large waterways are low and the large

ships cannot be completely loaded so that small ships can compete with the
larger ship.

The third type of competition is the competition between the small inland
ships. All the small ships operate on a standalone basis and have little to no
market power. From table 3.1 it can be concluded that 87% of all the
vessels registered in the Netherlands and 93% of the vessel in Belgium are
one -vessel companies.

Table 3.1: O verview of inland shipping companies in the Netherlands and Belgium
in 2002
Enterprises
Netherlands Belgium
Actual |Percentage| Actual |Percentage
1 vessel 2930 87% 1058 93%
2 vessels 230 7% 51 5%
3 vessels 73 2% 11 1%
4-5 vessels 56 2% 7 1%
6-10 vessels 39 1% 5 0%
10-20 vessels 28 1% 1 0%
20+ vessels 9 0% 0 0%
Total 3365 100% 1133 100%

Source: BVB, 2009 (Netherlands ), FOD economie 2008 (Belgium)

This internal competition is so severe that it is very difficult to start up a

business with old second -hand small ships. If a new starting captain wants

to operate a small ship, his costs calculation will need to take into account
completely the loan, repair and mai ntenance, fuel and his salary. Owners
who have had a ship for years have already paid off the loan . They may be
expecting to stop the business in the near future (within 2 to 5 years) and

therefore will only sail occasional ly when offered some cargo, only charging

the operating costs of the vessel (fuel and crew costs). Therefore, the new

captain of a second hand vessel cannot compete with these old small -inland
ships.
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The last type of competition is with intermodal transpo rt. Larger ships can
be used for sailing on the large waterways towards an inland terminal (with
economies of scale leading to reduction in transportation costs), from where

a short distance can be driven with a truck to a company located at a small

waterw ay.

3.2 .2 Economies of scale

As a result of the competition between road transport and large inland ships

and the small inland ships only bigger new ships are being built. These
bigger ships can transport cargo at lower costs (and therefore also lower
price) than smaller ships (= economies of scale). The economies of scale
are illustrated in figure 3.2.

Figure 3.2: Concept of economies of scale

Transportation costs 4
(EUR/tonne) Transportation costs function
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Cost reduction l
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>
ql q2 Ship size (tonne)

Increase in ship size

As a resul t, no new -medium sized ships (<1, 500 tonne) and especially no
small ship s (<600 tonne) have been built for the last 40 years ( BCI, 2008 ).

Figure 3.3 represents the costs structure of the inland ships. If one looks at
the cost structure of the small inland ships it can be concluded that the
majority of the costs (more than 50% ) are made up of crew costs. If the
fuel costs are added, more than 70% of the total costs of the small ships

are determined by those variable costs. These variable costs are much
higher than the fixed costs. When the ship is increasing in size, the ratio
between the variable and the fixed costs is changed. The variable costs are
substituted for fixed costs. This substitution can be explained by the fact

that fewer crew members are needed per tonne transported cargo on larger

ships than on smaller ones, whi le larger ships will have a higher purchase
price.

22



Chapter 3:Decreased supply of small inlands ships on the (small) inland waterway network

Figure 3.3: C ost structure inland ships
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The effect of an increase in scale in the inland fleet can be found in figure

3.4. It shows that there is an increase in the average tonnages of the inland
ships while the number of ships sailing on the inland waterways is reduced.

This means an increase in scale for the inland fleet and a reduction of the
number of small ships.

Figure 3.4: Evolution of dry cargo inland ship in Flanders
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In BCI (2008) the same trend can be found for the Dutch inland fleet. In
figure 3.5 the evolution is given of the number of small and large ships. In
this figure , the trend up 2003 is extrapolated to the year 2015 (linear
extrapolation).
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Figure 3.5: Trend lines of small (in BCI1 2008 < 1.500 tonne s) and large ships
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3.2.3 Banks

The banks will not invest easily in new small inland ships as these ships
cannot be exploited economically with the risk being too high. The risk can
be divided into three different types (Stopford , 1997):

- Economic risk
- Operating risk
- Shipping market risk

The first risk relates to the global economy and how that will influence the

demand for transportation. The second risk relates to the managemen t
capacities of the ship owners and how well the barges are maintained. The

third risk is  where ship owners are exposed to the competition of other ship

owners (large and small) and road and train transportation.

A bank wants to minimize its risk when it is investing in (small) inland
ships. The first two risks are risks that all ship owners have to deal with and

are relatively unrelated to the size of the ship. Only for the third risk is
there a distinction according to the size of the ship. Due to the se vere
competition between the large ships on large waterways and truck
transportation on the short distances (and small waterways) (see also
section 3.2.1), the prices in the market are not high enough compared to

the costs of operating a small ship on a so und economic basis. The ship
owners will not make any profit, and therefore they will not have enough

money to invest in new ships as a replacement for the old ones or to repay

a loan in order to buy the ship. Therefore a bank will not invest easily into

new small inland ships. Also, as the image of the small inland ships is often

not so good, banks and investment companies are not too eager to invest in

(new) small ships.

In figure 3.6 the schematic overview is presented of the cash flow in the
inland nav igation market, including the position of the bank. The thick lines
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in the figure represent the cash flows in and out of the total inland shipping
system . The thin lines represent the delivery of ships from a shipyard to the
shipping market or from the shi pping market to the scrap market. The red
lines represent the cash flow in the inland shipping sector, while the black
lines are cash flows out of the shipping market. The dashed lines represent

the small inland shipping cycle, while the normal lines are f or the larger
inland ships.
Figure 3.6 : O verview of cash flow in inland shipping
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Figure 3.6 shows that the bank has a central place. In the shipping market ,
small ships are competing with the large ships and other small ships and

even with other modes (predominantly road). As mentioned before, the lack

of money and/or cash flow generated by the small ships is a major reason

for banks not to grant loans to build new ships. Du e to the bad market
conditions of the small ships the banks also do not invest in loans for
second -hand vessels. Therefore , the price of the small ships will drop

because there are not a lot people willing to buy a vessel purely on their
own equity. The re sult is that the current owners cannot sell their vessels
and will keep on sailing until they are going to retire (see also figures 3.12
and 3.13). If then still no new owner is found, the vessel will be scrapped or
rebuilt to become a living ship.

The bank plays a vital Apumpingod role in t

and if that pumping role comes to a stop, the total cash flow will dry out
and the newbuilding of small inland ships comes to a hold.
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3.2.4 Ship Owners

As a result of the economies of sc ale of inland ships , the ship owner,
potentially, can make more money with a large ship than with a smaller one
if there is enough demand and if the larger ship can sail on the considered

waterway. Till now , young starters bought an old small ship and salil ed with
that ship. After a few years , the ship was sold to a new starter and the
bargeman would buy a | arger newer ship.
has come almost to a stop because it is easier to make a suitable business

case with a large ship then with a smaller one. The new ship owner will
therefore opt, also supported by the banks, for a large new -building ship

instead of a (new or old) small one, especially in good markets (see also
figure 3.11 and 3.12).

There are not a lot of people willing to live on a small inland ship due to the
small living areas. The larger ships, on the other hand, have a much larger

living area combined with the increase in comfort of that living area on

newer ships. Therefore new captains (with their family) will opt fo r a newer
larger ship instead of a small one ( BCI, 2008 ).

Another, social, aspect is that not many families are willing to live together

on a small inland ship these days. Therefore , the new captain of a small
inland ship must take a mate on board and pay him the wages agreed in
the common labour agreement. This will lead to an increase in costs,

compared with the sitwuation of small s hi

(mostly the wife of the captain) and counting as the mate of the captain.

3.25Entry  and exit barriers

The competition between road haulage and inland navigation has already
been considered to be one of the reasons behind the diminishing small
inland fleet. Another aspect of the competition between road transport and
(small) inland ships is that, when the market is bad, trucking companies
can adjust their supply easier then small inland ships. A truck can be sold
and the truck driver can start in another job. The owner of a small inland
ship also lives at his ship so that he will not aban don his ship/house until
the moment that he is really bankrupt. The exit barrier of inland (small)
ships is therefore much larger than the exit barrier for trucking companies.
This is illustrated in figure 3.7 where the number of bankruptcies in the
inland navigation and road sector are given.
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Figure 3.7: Number of bankruptcies in Belgium (2007  -2010)
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Besides the exist barrier a  Iso the entry barrier for inland ships is much
larger than that of trucking companies. In order to sail with a ship the
captain must have all its certificates and he must have at least a minimum
amount of sailing experience (FOMV 2010a). Also if a captain of a small
inland ship has gone bankrupt he will not enter the market again because

he will not take that risk again. But it is also very difficult for new captains

to enter the market; if one captain abandons his ship, it will be very difficult
to find a replacement.

Therefore, the adjustment of supply on the small inland waterways is much
more d ifficult than it is for road transport. In economic downturns, there

always will be an overcapacity of small inland ships so that the market
prices will be low for a longer time.

3.3 Reduction of the small inland fleet

In the previous part , it was explain ed why no new small inland ships are
being built. In this part , the question will be addressed why the existing
small inland fleet is diminishing. First the reasons are given for a reduction

of the number of small ships. The second part will deal with pote ntial
threats to the remaining part of the fleet.

3.3.1 Reduction of the small inland fleet
Ships are being sold to low wage countries
There are a number of ships sold from western European countries to

eastern European countries because these inland s hips cannot be exploited

economically in Western Europe. In table 3.2 an overview is given of
recently sold inland ships.
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Table 3.2: O verview of sold inland ships per tonnage class

tonnage ships
<650 < 1,350 > 1,350
[tonne] [tonne] [tonne]
Destinations:
East EUR 0% 53% 11%
West EUR 100% 47% 89%
total ships 13% 68% 18%

Source: GTS schepen, 2010

Table 3.2 indicates that if small inland ships are sold, they do not go to
eastern European countries. These ships will stay in the Netherlands or
Belgium. The percentage of small inland ships sold is low (13%), compared
to the group of medium and large ships. This is an indication that the trade
in small inland ships is very low (see also figure 3.6) and that small inland

ships are demolished (see

figure 3.7). Table 3.2 also indicates that for the
medium -sized inland ships more than half of all the ships sold

go to Eastern

European countries. The largest ships will also stay within Western Europe
and only a limited amount of those ships will be sold

countries.

to Eastern European

A limited amount of small ships that are traded will stay within the
Netherlands and Belgium. This does not mean that the ships will be
operated on these waterways because most of them will be rebuilt to

become a living shi  p.

Regulation/policy

Changes in the inland shipping policy have had a large impact on the small

inland fleet. Due to the
role-syst emo)

mar ket [

and

de mol

ber al
i tion

zat.i

on (abdendonment

rul e$% 1989andahe f o r

demolis hing rules 1989) a lot of small inland ships have been redrawn from

the inland fleet (

The tour -de-role sys tem can be described as follows.
into several districts with their own shipping exchanged. Cha

BCI 2008 , Dullaert et.al. 1998).

A country is divided
rterers within

the districts are required to request capacity (for domestic transport) from
the exchange, where a register is kept of all available barges which meet
certain requirements. The available freight is offered to the bargemen who

are registered

in the system. The bargeman who is the longest on the list is

offered the first choice of freight. The charterer has to accept the barge
which is assigned to his cargo on the condition that it meets certain criteria.

If the vessel does not fulfil the requi

rements or if the bargeman rejects the

cargo, then the cargo is offered for the second time. If after the second
time still no carrier is found, the cargo can be chartered freely outside the

tour -de-role -system. If a bargeman does not call on a load, his p

be retained in the system.

If an agreement is met under the tour

charterer

® Policy to reduce the overcapacity in the inland fleet. In order to

ton nage of the new ship has to be demolished first

28

osition will

-de-role system, the carrier and

are bound by the legal conditions of the carriage. If those

build a new ship the same

new

r



Chapter 3:Decreased supply of small inlands ships on the (small) inland waterway network

conditions are not met, the authorities are entitled to refuse stamping the
deal. There are, for example, standard freight tariffs that have to be
respected ( Dullaert et.al. 1998).

The abandonment of the tour -de-role system led to more competition and
therefore stimulated the increas e of the size of the ship. D ue to the
demolit ion rules, where ships have been demolished for a fixed price per

tonne in order to reduce the overcapacity in the inland fleet, a lot of small

old ships have been demolished. In order to build a new larger ship , the
same tonnage of cargo carrying capacity has to be demolished first. As a
result, a lot of small ships disappeared and new bigger ships returned in the

inland fleet. The reduction of the inland fl eet is illustrated in figure 3.8
where the demolition figures are given.

Figure 3.8 : Number of dem olished inland ships
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Note: the figures presented in this graph consist out of ships that have been
demolished. Rebuildings are not in this figure.

Figure 3.8 shows that there is a large increase in demo lished ships from

1990 to 2000. This increase is due to the previously mentioned old -for -new

rules and the demolition rules. The old -for -new regulation ended on 29  -4-

2003. This can also be been seen in figure 3.8 . From that same figure it can

also be concl uded that after 2003 the number of demolished ships

increased again. This increase is now not #dAfue
but by market conditions (see previous section).

Besides the demolition and old -for -new regulations , the small ships must
also comply with the new regulation for inland ships concerning the
structure of the ship and emissions produced ’. The investments to update
the existing small ship to these new standards are higher than the market

price of the small ships, so that an investme nt is not economically viable.
As a result, these new rules could force the remaining small ships to stop

their work if no exceptions are made for these small ships.

" double hull requirements and EURO V rules concerning emissions
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3.3.2 Threats to the remaining  small inland fleet

Increase in fleet age

The firstthreat i s t hat the age of the fleet s
ship that has been built dates from the 1960s. The average age of the (hull)

small inland fleet is above 70 years. In figure 3.9 , an overview is given of
the number of inland ships built per y ear. The total database used to
construct this graph consists of 5000 dry cargo ships and dry cargo push

bar ges which represent more than 6,400, 000 tonne s of cargo carrying
capacity (6,000,000 tonne s if demolitions are included) (debinnenvaart.nl,

2010). T his database is ver vy large and therefore figure 3.9 will give a good
overview of the current status of the inland fleet in Western Europe.

Figure 3.9: Number of inland ships builds per year
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Figure 3.9 shows that from 1965 the number of newbuildings of large ships

has increased while the number of small and medium -sized ships has
decreased. The number of small ships that have been built is even reduced
to zero! It can also be seen that the number of smal | and medium -sized

ships built has a peak in period from the 1920s, the post First World War

era, after a lot of ships were demolished in the war and had to be replaced

with new ones. A new peak occurred from the 1950s to the 1960s. This
increase could hav e been the effect of the end of the Second World War,
followed by an important economic growth. In that period the last small
inland ships were built. In that period the new buildings consist of a mix of

large, medium -sized and small ships. The second big increase in the
number (and cargo capacity, see also figure 3.10) of inland ships is from

2000 to 2010. This increase is only caused by the addition of large inland

ships. There is no  more diversification in the new buildings in the inland
fleet.
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If the d ata from fig ures 3.8 and 3.9 are combined, then the total number of
existing ships per s hip category can be determined. The result of the
calculation is given in figure 3.10

Figure 3.10 : O verview of the cumulative number of inland ships
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From figure 3.10 it can be concluded that the number of small inland ships
increased until 1965. From 1965 onwards to the mid -1990s the number of
small ships is more or less constant. From 1995 up to 2010 the number of

small inland ships is reduced due to the demolition of those small ships (see
previous section). The same can be concluded for the medium sized ships.

The number of large ships has increased from 1960 onwards.

In figure 3.10 an overview was given of the number of ships in the three
different ship categories. In figure 3.11 the actual loading capacity for the
three different categories is shown. This figure shows that in terms of
loading capacity the large ships represent more than 60% of the total
Western Europ ean dry cargo ship capacity.
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Figure 3.11 : O verview of the
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From figure 3.11 it can also be concluded that in terms of loading capacity
the small inland ship s represent only 6% of the total loading capacity.

In table 3.3 an overview is given of the average age, humber of ships and
the total cargo capacity per ship category along with the demolition figures.

Table 3.3: O verview of

main results of

the ship d atabase

existing ships demolished ships Percentage
number tonnage average age | humber tonnage average age | Demolished
[-] [tonne] [year] [-] [tonne] [year] [%]
Small 850 371.888 70,30 184 92.785 64,12 20%
Medium | 2.156 1.962.532 59,23 255 222.213 56,34 10%
Large 1.525 3.719.589 26,40 29 48.145 59,36 1%
Total 4531 6.054.009 - 468 363.143 - -

Source: own representation based on: debinnenvaart.nl, 2010

Table 3.3 shows that only 6.1 % of the current day cargo carrying capacity
of the total inla nd fleet is determined by small ships. Besides the modest
contribution to the total cargo carrying capacity of the inland fleet, also the
average age of small inland fleet is much larger than the average age of the
ddition, the table shows that on
average the small inland fleet is 6 years older than the average demolition
age! It is therefore expected that the lifetime of the existing small inland

large inland fleet (70 to 27 years). In a

ships is reaching its end.

These small ships are now not only at the

century! The problem is that the engines, propellers, bearings have to be

end of their economic life but also
at the end of their technical life. If the hull is maintained properly, it can
last for more than 100 years. This is what is also shown in figure 3.9. There
are ships registered where the hull was built at the end of ni

neteenth

replaced every 20 to 30 years (bearings are replaced in smaller time
intervals). When the small ships are too old and have too low a value, the
new navigation equipment can become too

investment in new engines and
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large, so that it is not feasible to keep on using these ships. In that case

those old small ships will be demolished or they will be rebuilt to become a

living ship. The demolition of the small inland ships was al ready shown in
figure 3.8 .

Due to the increase in number of large ships (and also their respective
capacity) an overcapacity in the large inland shipping segment is most likely

to occur. Combine d with a reduced sailing area, heavy competition between
tho se ships is expected. As a result, small tonnages (cargo flows) with an
origin or destination at a large waterway will then be transported with

larger ships instead of smaller ones. However, bigger ships cannot transport

small sizes of cargo as economicall y as smaller ships. As a result, the
transportation price has to increase and the competitiveness towards road
transport will be reduced.

Increasingcaptai nsdé age

There are hardly any new captains starting up a business with a small ship,

so that the ave rage age of the captains of the small shi ps is increasing. In
figure 3.12 the age pyramid of the captains of the small inland fleet in
Belgium is shown while in figure 3.13 the age pyramid is given for the

captains of the ships larger than 650 tonnes.

Figure 3.12 : Age pyramid of the captains of the small inland fleet (excl.
Kempenaars)
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Figure 3.13 : A ge pyramid of the captains of the medium and large inland fleet (incl.

Kempenaars)
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From figures 3.12 and 3.13 it c an be concluded that there is a very small

group of young captains on small inland ships . As mentioned before, that is
due to the decrease in inflow of starting captains in the small inland fleet.

Figure 3.13 shows that for the larger ships there is a grou p of young
starting captains. 8% of all captains below 40 years of age have a small

ship. The graphs also show that there is a small group of very old captains

(65/70+) that are still registered. A possible explanation could be that

these captains are stil | living at their ships because they have no house on

shor e. | f a ship is stiltslhirpegi sittercan alse amofiocrae
more available places than isfhi pégi sHtoemeevder as aa
these captains will not sail frequently, their partic ipation in the normal

shipping routine is very small.

Figure 3.12 also indicates that most of the existing captains on the small
inland ships are reaching the end of their professional working life (average
age of 53.04 years against 46.04 years for the larger ships) within 5 years.
As a result, the old small ships available will not be used due to a lack of
captains. Due to a reduction in the number of captains it could be expected

that the remaining part of the captains with a small inland ship will ha ve
enough market potential to survive. On the other hand, companies want to

have a reliable transportation mode that will operate for years to come. If

the remaining captains cannot provide that service for a longer period
because they are retiring in the near future, then the companies located at
the small waterways will have to shift their cargo to road haulage which can
provide continuity.

Because the problems concerning the small inland ships are not only related

to the ships, but also to the lack of new captains for the small inland ships,
the decreased supply on the small inland waterways will not be linear as in

figure 3.5 but it will decrease faster due to a lack of av ailable captains. In
figure 3.14 , this is shown graphically.
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Figure 3.14: S chem atic overview of diminishing supply o f small inland ships
Supply on small
waterways No captains

a

Technical decline of ships
(see figure 3.5)

Decline of captains /

y

< »

<+ —> Time
Retirement of captains

Source: own composition

The decline of available captains on the small inland ships will therefore be
the most dominating factor in the decline of supply on the small i nland
waterways.

Risk of under -maintained small inland waterways

The last threat to the small inland shipping fleet will be insufficient
maintenance of the small inland waterways. If the depth of the waterways

are not maintained by dredging , the depth wi Il be reduced so that the draft

of the vessels is reduced limiting their cargo carrying capacity. This
reduction can be as much as 100 tonnes if the draft is reduced with 30 -50
cm (Kempenaar draft 2.5m A 2.0m). Due to the decreased cargo -carrying
capabilit y the transportation costs per unit will increase because the
transportation costs remain (almost) constant (a decreased draft will also

result in a decrease in resistance and therefore also in fuel costs but this
decrease is very small ). As aresult the ¢ ompetitiveness of the small inland
ships will decrease even further.

The waterway administrators have a limited budget available to maintain

their infras t ructure (014, 900,TRe0cOst of maint2iBirg Sheir
infrastructure, such as dredging, is increased. The cost of d redging a cubic
metre of sand increased f r @&#Mm?(BOD6), Svhilenthe ( 1980) t o
budget did not increase proportionally (Infr  astructuur masterplan, 2010).
As a result, the waterway administrators are forced to make choices and

they will maintain (and invest) in inland waterway infrastructure which is

used the most , although in 2008 there was a one-time investment of
a3, 50 0,fd On@intaining the canal Dessel -Turnhout -Schoten (class I
waterway) (Infrastructuur masterplan, 2010). There may be a risk of a

vicious circle: due to issues mentioned previously, the small inland
waterway infrastructure is used less, so that the waterwa y administrators
will invest less in the small waterway infrastructure, which will result in

even less use of the small inland waterways, due to their limited depth.
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3.4 (Small) Inland ships in deep -sea ports

Inland ships are perfectly suitable to deal w ith the hinterland transportation

of cargo loaded or unloaded at deep -sea ports. In the port of Rotterdam , 33
% of all the containers transported to its hinterland are transported with
inland ships in 2009 (Port of Rotterdam, 2009). For the port of Antwerp this
is 34.8% (Port of Antwerp, 2009). In this section the situation for container

transport with inland ships to and from deep -sea ports will be described.
Also the situation for bulk transportation is explained. The last part of this

section deals with  the consequences of (small) inland ships at deep -sea
ports.

3.4.1 Container transportation

The present -day situation of container transport for inland ships at the ports
of Antwerp and Rotterdam can best be divided into to a threefold
typologies ®.

The first typ e is the market of the domestic trade of the containers. In this
trade one (inland) terminal in the hinterland is visited and numerous
terminals in the seaport are visited. The containers that are loaded in the
hinterland will have different (overs eas) destinations so that several deep
sea liners will transport those containers and that the inland ship will have

to call at different terminals in the seaport. The call size per terminal is in

50% of the calls less than 6 TEU (Konings, 2007). Consequen tly, the inland
ship will spend a lot of time in the seaport, especially if the waiting time at

the terminals and the movement from terminal 1 to terminal 2 are taken

into account. On average a 150 TEU inland ship will spend only 1/3 of her

total porttime  at a terminal loading and unloading. The rest of the time the
ship has to wait at the terminal or the ship is sailing between terminals. A
schematic overview of thiss ituation is given in figure 3.15

Figure 3.15 : S chematic overview of the present day s ituation (domestic trade)
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Note: based on Konings , 2007

The second typ e that can be distinguished is the container trade between
Antwerp and Rotterdam. In this trade , large ships are used to transport
containers between the two ports. Also these ships will have to call at
different terminals because these ships will also transport containers with
different overseas destinations. This trade is characterized by the relocation

8 This distinction is adapted from R. Koning s (2007)

36



Chapter 3:Decreased supply of small inlands ships on the (small) inland waterway network

(shuffling) of the containers between the two ports so that different
terminals ne ed to be visited. In figure 3.16 the schematic overview of this

trade is given.

Figure 3.16 : S chematic overview of the present day situation (Rotterdam - Antwerp
trade)
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Note: based on konings , 2007

The third typ e is the trade of containers from the deep seaports of Antwerp

and Rotterdam that have a destination in the Rhine regions (Germany and
Switzerland). In this trade the containers are transported with large inland

ships (>150 TEU) that will call at several (+/ - 10) terminals in the seaport
and (on average) 3 to 5 terminals in the hinterland. This is also due to the

different overseas origins or destinations of those containers so that more

deep sea liners are used to transport the containers that are transported by
the same inland ship. In figure 3.17 a schematic representation of this typ e
is given.

Figure 3.17 : S chematic overview of the present day situation (Rhine -trade)
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Note: based on Konings , 2007

The different types of container trades shows that inland ships dealing with
container transport will have to call at a large number of terminals in the
seaport with a limited number of containers per call (50% of the time less

than 6 TEU). Also the time spent in port i s very important due to the time
needed to sail to and from the different terminals and to the waiting time at
the different terminals. As a result, the costs per TEU will increase because

the number of departures per week is reduced (= reduction of the
economies of density).

The container terminals will also experience hindrance from inland ships
which will deliver only 6 TEU per call. The number of dockworkers that are
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needed to handle a ship at a terminal is not determined by the call size of

the ship. Therefore the costs per handled TEU could be reduced if more
containers are unloaded at one call. In addition, the terminal handling costs

will influence the total costs very much when the sailed distance is short

(<100 km). If the distance is large (such a Rhine -trade), then the biggest
part of the costs are made up by the transportation costs of the inland ship,

while for short distance s (Rotterdam -Antwerp trade and domestic trade) the
transportation costs play only a small role in the total out of pocke t costs.
On those trades the biggest advantage can be obtained in the seaport.

3.4.2 Dry bulk transportation

The dry bulk market could best be described as a point -to - point connection
between either a seaport terminal and an inland destination or an inla nd
origin and an inland destination. In the figure 3.18 the schematic
representation of the dry bulk trade from the seaport to an inland
destination is given.

The destinations in the hinterland are also the end -users of the transported
cargo. The cargo i s directly transported to the companies located at an
inland waterway. Examples of these trades are the large cargo flows of bulk

material (iron ore, steel, sand, etc) from the port of Rotterdam to the

German Ruhr area. A part of this trade is done with la rge push barge
convoys operated by  ThyssenKrupp Veerhaven BV. These push barge will be
loaded at different terminals in the same seaport where these loaded
barges are coupled in the seaport and are transported to the final
destination in the hinterland ( Burgers, 2005)

Figure 3.18 : Schematic overview of the present day situation (d ry bulk market )
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Note: own figure

An example of the other type of dry bulk trade (inland origin and
destination) is the transportation of sand from an inland gravel pit to a
cement factory which is also located at a waterway. Also other types of dry

bulk cargo are transported between different inland origins and
destinations.

3.4.3 Consequences of (small) inland ships at deep -sea ports

If the two dif ferent transported commodity types are compared, it can be
concluded that in the container transport the inland ships will lose a lot of
time in the seaport. As a result, the total transportation costs are increased
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due to the reduction in the economies of density. In order to compensate

for this increase in costs, the size of the ship has become larger (increase in
economies of scale). The sailing costs per TEU are reduced so that the
increase in port residence costs can be compensated for. Therefore , small
inland ships cannot be used for the transportation of containers from a

deep -sea port to origins or destination at small inland waterways unless

there is direct call at one terminal in the seaport (Cargill, see chapter 2).

The deep -sea terminals will act  as a barrier for the use of small inland ships

for container transportation.

For bulk transportation , there is a direct call at one deep -sea terminal and
one direct call in the hinterland so that for this type of transportation the
deep -sea port will not  act as a barrier  for using smaller inland ships.

3.5 Impact of losing the small inland ships

Another consequence of the diminishing small inland fleet is that the
diversity in the total inland fleet will disappear. The new ships that are

being built are increasing in size (see figure 3.10) and therefore the
available sailing area of these ships is reduced because the large ships can

only sail on a limited number of inland waterways. This explains a large risk

that there will be only large inland ships lef t while more than 50% of the
inland waterway network can o nly be reached with smaller (<65 0 tonne)
ships. Because still a lot of large inland ships have been added to the
market, in combination with their reduced sailing area, a heavy competition
between t hose large ships is expected. Normally , when there is a heavy
competition a lot of shipping companies will go bankrupt.

However , the shipping companies with large inland ships have the same

exit barriers as small inland ships (see section 3.2.5) . Mor eover there is an
additional exit barrier for the largest ships . This extra exit barrier is the
bank which has financed the large inland ship. The banks will not le t the
shipping company go bankrupt. The reason why they do not le t the shipping
companies go bank rupt is that the ship itself will not disappear from the
market if a shipping company has gone bankrupt. So the competition will

still exist even when the shipping company is bankrupt . Normally the value
of the ship will go down (because there is downturn in the market) so if a
new ship owner has bought the ship he could earn money with the ship

because its fixed costs are reduced (due to the lower ship value). But if this

happens , the bank will have to reclaim the loss of the value of the ship on

the initi al owner. Because he is bankrupt he cannot repay the total loan SO
that the bank has to write off a large sum of money . It is therefore not in
the interest of the bank to let the shipping company go bankrupt. Therefore

these large ships will stay in the ma rket (the ship owners can stop, for a
limited period, with repaying its loan) with the help of the banks

As a result small tonnages (cargo flows) will  be transported with large ships
instead of smaller ships to destinations on large waterways . Consequent ly
the remaining small inland ships will be pushed out of the large waterways

by these bigger ships (their potential market is decreased) (see also figure
3.1).
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3.6 Infrastructure capacity

In order to deal with th e current demand and, potential, addition al demand
in the future for road transportation an increase extra infrastructure
capacity is needed . The available road and railway network do not have a

lot of spare capacity so that additional infrastructure needs to be built.

Because those networks are not exclusively used for cargo transportation

(an exception is for example the Betuwe railway line in the Netherlands),

those networks also have to deal with passenger transportation. The inland
waterways do not have a capacity problem and person transport does not
use the waterways for day -to-day transportation (an exceptions is, for
example, the fast ferry from Dordrecht to Rotterdam), so that the available
infrastructure can be used to deal with a large part of the transported cargo

flows. But due to the reduction of the  number of small inland ships , a large
part of the available inland waterway network will be used less while that

capacity is very much needed.

Besides the spare capacity of the waterways and the consequent absence of

need for new invest ments, the maintenance costs of the waterways are less

if they are compared with the other modes. These costs per kilometre of
infrastructure can be found in table 3.4.

Table 3.4: O verview of the maintenance costs per km for the different modes

Road Rail Inland
[EUR/km/Year] [[EUR/km/Year] [[EUR/km/Year]
36,000 29,500 27,000

Source: Pausenberger L.; 2009

The general maintenance costs of an inland waterway are considered in CE
Delft (2004) not to depend on the number of ships sailing on the waterway.

If t he number of ships is increased, the costs of maintaining the waterway

do not increase . The reduction of water depth is dependent on time and not

on the number of ships passing through that waterway. The water depth

can even be considered to be maintained if a lot of ships are sailing through

a shallow waterway. The banks of the waterways could be damaged more if

more ships are passing. However, a lot of canals have concrete water banks

so that the deterioration of those banks is hardly influenced by the pa ssing
of ships. When looking at user -dependent maintenance costs of inland
waterways, these dep end on management costs such as lock guards,
waterway police, etc. But those management costs can also be considered

to be not directly dependent on the number o f passing ships on the specific
waterway. If a lock has to be operated for 24 hours a day, then these costs

do not increase if there is an increase in ships passing through that lock.

Only if the number of passing ships is reduced very much, should the loc ks
possibly not be operated 24 hours a day and then the costs can be reduced.
Also the locks themselves do not need more maintenance if the number of

passing ships is increased. Only the moving parts of the locks are a ffected
and not the lock door itself f or instance.
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3.7 Impact of losing the small inland  waterways

I n order to determine the impact of &élosingbd t
calculation will be made where all the cargo that is now transported via the

small inland waterways in Flanders will b e transported by road. Train

transportation is left outside of consideration, because the companies

located at the small inland waterways are not (or not directly) connected to

the train network. This means that the number of vehicle kilometres will

increa se due to the fact that road trucks cannot transport as much cargo as

inland ships per shipment. This increase in vehicle kilometres will have an

impact on the external costs (emissi ons and congestion). In figure 3.19 the
considered small inland waterways were shown, whereas in table 3.5 the
amount of cargo transported per year with an origin or destination at the
considered waterways  is given.

Because the destination or the origin of the considered cargo flows are not
known , the average performed distance of 66.89 km per trip of inland
navigation on the Belgian infrastructure (FOD Economie, 2009) is used to
determine the amount of preformed tonne*km.

Figure 3.19 : O verview of the different small waterways in Flanders
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Source: original fiure from PBV

Table 3.5: Cargo flows on small inland waterways
Waterways 2009
[tonne]
(1) [ Dessel-Turnhout-Schoten | 882.228
(2) Bocholt-Herentals 1.525.855
3) Zuid Willemsvaart 661.054

(4) Dender 521.822
(5) Leuven-Dijle 412.203
4.003.162

Source: WenZ and  Scheepvaart NV cargo flow data, 2009
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The external costs of the two considered modes are given in table 3.6. The

external costs are composed of air quality (emissions), climate costs (CO
accident, noise, congestion

® and infrastructure costs.

2),

Table 3.6: External costs per tonne and vehicle kilometre
Air quality Climate accidents noise Congestion* | Infrastructure*
[EUR/tonne|[EUR/vehicle [[EUR/tonne|[EUR/tonne|[EUR/vehicle*| [EUR/vehicle
*km] *km] *km] *km] km] *km]
Inland ships 0.0004 0.0060 0.0001 - - -
Road Haulage| 0.0015 0.0023 0.0032 0.0006 0.4233 0.0015
Sources: Standaardmethodiek MKBA (MOW, 2006), p. 152, values 2020 projection,

*Acradis et.al 2009, p.119 (2020 projection)

The result of the calculation is given in table 3.7, where it shows that the
number of vehicle movements increases significantly so as the number of
vehicle kilometres. As a result, the external co sts increase from 0240

t o 6,400,000 (2020 projection).

Table 3.7: R esults of external costs calculations per year

number of vehicle
movements tonne*km |Vehicle*km| ext. Costs
inland shipping 6,758 271,217,144 452,029 | 0239,575
Road haulage 168,945 271,217,144 (11,300,714 06,407,505

Source: own calculation

Besides the fact of this increase in external costs, the large network of
small inland waterways will not be used while this infrastructure could play

a vital role in providing an alternative to the already heavily congested road
network.

3.8 Preliminary ¢ onclusions

The supply on the small inland waterway network is diminishin g mainly due
to too server competition from road transportation. This has resulted in  five
main observations

- No new small inland ships are being built

- Technical decline and withdrawal of the existing small inland fleet

- Limited to no inflow of new young captains for the small inland fleet
- Reduction of the available captains

- Insufficient maintenance of the small inland waterway infrastructure

A consequence of the diminishing small inland fleet is th e inevitable
disappearance of diversity in the total inla nd fleet. The new ships that are
being built are increasing in size and therefore the available sailing area of
these ships is reduced because the large ships can only sail on a limited
number of inland waterways. There is consequently a serious risk of be

left with only large inland ships, while more than 50% of the inland
waterway network can only be reached with smaller (<600 tonne) ships.

Due to an increasing number of large ships (and also their respective
capacity), an overcapacity in the large inl and shipping segment will occur.

ing

° In chapter 12 will deal in more detail about the reasons why the congestion costs are taken
into account
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Because of this, in combination with a reduced sailing area, heavy
competition between those ships is expected.

With respect to the small inland waterway infrastructure, the diminishing

small inland fleet in Fla nders will lead to a shift of 4,000, 000 tonnes of
cargo, from the waterways to the road. Those tonnages are added to the

already heavily congested roads. These extra tonnages and the further
increase in cargo flows will lead to more investments in expa nding the road
capacity, while the available infrastructure of the small waterways will not

be used at all. This capacity is very much needed to deal with a large part

of the total tonnages to be transported. As the waterways are cheaper to

maintain than roads and as th ey are already present, therefore no new
infrastructure investments are needed to deal with a large part of the total
transported tonnages. The maintenance costs of the existing water  ways will
hardly be influenced due to a potential increase of ships sailing on those
waterways so that no large increase in maintenance costs of the small
waterways is expected.

The reason why almost no small inland ships are used to transport
containers from a deep -sea port to destinations in its hinterland (except
dedicated transport from a container terminal a hinterland destination) is

due to the small call sizes at the deep -sea terminals. Therefore these ship

will not get priority at the deep sea terminals so that those ships will
experience a large waiting time in the por t. These large port residence costs

will decrease the number of trips that can be made per year and the costs

per TEU are increased (decrease in the economy of density). The deep -sea
terminals will act as a barrier to using small inland ships for container
transportation.

Due to a growing awareness of environmental care and carbon footprint,

the EU member states want to stimulate the us e of the modes producing
the lowe st amount of emissions per preformed tonne*km. These emissions

in transport could be dim inished by the reactivation of the small inland
waterway network providing transport of part of the cargo flows.
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4 . Potential solutions for the re -activation of
the small inland waterway network

4 .1 Introduction

In order to revitalize the small inland w aterway network  a solution to deal
with the diminishing small inland fleet will be developed . First the
alternative of enlarging and upgrading the small inland waterways will be
discussed. Besides upgrading the small inland waterways also a new inland

navi gation system will be developed. In this new system , the infrastructure
is taken to be constant and the ships are adjusted to the existing
infrastructure  while in the first solution the infrastructure is adjusted to the

exist ing, (increasing in size ) inlan d fleet. This so called  small barge convoy
system, which could be used to re-activate the small inland waterway
network , will be explained . Also a short overview of the small barge convoy
system is given. In part Il of the thesis this small barge convoy sy stem will
be researched more in depth.

The first part of this chapter will describe the enlargement of the small
inland waterway network . The second part will describe the concept for the
situation where  only one small waterway  will be served . The third part is
used to describe the  concept when more than one waterway needs to be
served . The fourth part is used to describe the tug and barge concept if the

tug is also used to push the -non self -propelled - barges on the small
waterways. The last part of the chapter is to give an overview of the
available markets that could be served with the small barge convoy system

4.2 Adjustment of the inland waterway infrastructure

The first solution to deal with the reduced sailing area of the existing inland

fleet is to enlarge the small inland waterway network . The suggested
solution is to upgrade the existing small inland waterway network from

CEMT Il to CEMT IV. Figure 4.1 presents a schematic overview of the
different necessary adjustments to upgrade an existing wa terway.

Figure 4.1: Schematic overview of upgrading the waterway

New side plating canel

Widening canel

Dredging l

New Bottom platting
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The locks on the waterways have to be enlarged and the canal width and
depth have to be increased. Besides the previously mentioned adjustments

also a new bottom and side plating have to be installed. This approach is
applied in the Netherlands where two small inland waterways in the
southern part of the country are upgraded from class Il to ¢ lass IV
waterways (Wilhe Imina canal and the Zuid Willemsvaart) (MIRT, 2011).

This Dutch approach of dealing with the reduced sailing area of the current
inland fleet will be applied to the Flemish small inland waterway network. It

will be calculated how much money is needed to perform the required
investments.  The unit costs of performing the required works mentioned in
table 4.1 are taken from Technum NV (2008).

The required depth of a class IV waterway is 4.5 meters while the required
width is equal to 14 meters. When the existing dimensions of the

waterways are known, the costs can be calculated to upgrade those
waterways from a class Il to a class IV. In figure 3.19  an overview of the
small inland waterways in Flanders was given . For these inland waterways

the calculations are made. The result of that cost calculation can be seen in
table 4.1.

Table 4.1 : Overview of the investment costs

investment bottom | investment | investment canal
Route |Replacing locks | dredging plating widening sides
[-] [EUR] [EUR] [EUR] [EUR] [EUR ]
1 a 270, 04qu 38, 3 a4 82, 700(fu 13,6( ua 104,20
2 a 9@,000 (u 35, 7 a4 88,213 14,5] a4 111,15
3 a 30, 00|00 25,5 ua 73,5110 12, 0! ua 92,628
4 a 90, 00|00 32, 8 ua 64,322 10, 5 ua 81,0409
5 a 150, 0Qqu 14,9 ua 64,322 10, 5| 0 1849,500
ua 1,681, ¢

Note: 2009 values

Table 4.1 shows that the total costs of upgrading the small waterways in
Flanders will cost approximately 1.7 billion EUR. This is quite a large
amount of money which will exceed the current budget of upg rading and
maintaining the total inland waterways in Flanders by 755 to 1! The total

budget for investments in the inland waterway network in Flanders up to

2015 is limited to 2,248 million EUR (Infrastructuur masterplan, 2010).
Besides the very large cost s also the time needed to complete all the
necessary work is very long. It will take years even decades to complete all

the works. It is therefore decided not to focus on the enlargement of the

small inland waterway infrastructure but to develop a new inla nd navigation
system that will be adjusted to the existing small inland waterway network
4.3 Adjustment of the i nland navigation c oncept

In this section of chapter 4 the new inland navigation system will be

developed and explained. First the concept wil | be developed and explained
Beside the development of the concept also the combination of different
small inland waterways into one network will be explained. Also the

potential markets  are discussed along with the potential owner ship of the
different b arges.
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4.3.1 Inland navigation concept development

If a new inland shipping concept has to be developed, at first all the
existing solutions must be abandoned. Reflexion should be at one higher

level of abstraction and a set of criteria should be defined with which the
new system must comply. The criteria for the new concept should also take
into to account the problems of the current small ships (chapter 3). The

main criteria for the developed concept are:

- The concept must be suitable for the small wate rways
(Lbarge <55 M, B page <6.8mM)

- The concept must deal with a limited depth of several small inland
waterways (h = 2.3 meters instead of 2.5 meters)

- The concept must be able to transport bulk cargo as well as containers
so that additional cargo flows can be attracted to the new concept
(modal shift of containers from the road to the inland waterways)

- The new system should be a system where the crew who are operating
the barges should not live at those barges so that the total ava ilable
length of the barge can be used to transport cargo

- The new concept should also be capable of providing a solution for the

problem of the small call sizes of inland ships at the deep -sea terminals
- The new concept should be able to compete predom inantly with road
transportation

- The new concept should be a profitable business
- The concept should provide a sustainable transportation solution to deal
with the increasing emission problems

In order to fulfil these criteria a concept has been develope d that can be
described as a two -stage tug and barge concept. In the first stage, the tug

and barge concept sails in its usual configuration with several barges
pushed by a single tug and travelling through large inland waterways from
seaports to the entra  nce of the small inland waterway. In the second stage,

at the entrance of a small inland waterway, the convoy is uncoupled and

several small barges will sail separately to their different destinations on

this waterway.

Push-barge convoys have already bee n used for a long time on the large
waterways in Europe (Rhine trade, Veerhaven) and the United States
(Mississippi trade). In those push barge convoys the barges are left behind

at the starting point and end point of the trip. These barges can therefore

be handled without the presence of a push ship so that the most expensive
part of the ship (the main engine(s) and crewmembers) can be better
deployed. At the places where the barges are left behind, a port tug is used

to relocate the barges from a clusteri ng point to the terminal. These push
barges convoys consist of large push barges.

In the small barge convoy system the barge size will be decreased in order

to make such a system applicable for the small inland waterways. The main

focus of the conceptis  to combine economies of scale on large waterways
(i.e. tugs and barges together) while the individual barges are small and
economically feasible enough to sail on small waterways. In this way the

total convoy could compete with road transportation. Figure 4.2 gives an
overview of the small barge convoy system.
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Figure 4 .2: Overview of the small barge convoy system

Source: own composition

The concept will have different crews who will operate the tug and the
barges. One crew will be operating the tug whe n the barges are pushed to
and from the entrance of the small inland waterways and the seaport. This

crew will also deal with the coupling and uncoupling of the barges. This

crew will work in a week on/ week off regime on the tug so that the crew

will not live on board. The next crew will be located in the seaport where

they will move the barges from the barge collection point to the terminals in

the port. The last crew is a flexible one who will sail the barges, if
necessary, on the small inland waterways. This new captain gets on board
and sails the barge to the final destination. When the barge is moored, the
captains will be brought back to the starting point. These captains will go

home when the work is done. It is also possible that people can rotate f or
instance from seaport -duty to small - river duty or from small -river duty to
push -ship duty. This will make the work more diverse.

The barges are fiexchangedod at the seaport and
waterway. The small barge captain does not need to start his sailing activity

right at the moment that the tug and barge convoy reaches the entrance of

the small waterway. The barges will be left behind at the exchange point

and the next day the barge captain can starts his work. The barges that

have t o be sailed back to the seaport only need to be present when the tug

and barge convoy reaches the exchange point. Because in the small barge

convoy system the barges can sail independently, it is not necessary to

have a port tug for the relocation of the b arges in the seaport.

For propulsion, the barges use electric engines powered either by a

generator set located in the aft of the barge or by batteries located in the

double bottom of the barge. Also a combination of the two systems is

possible. Several s ystems could be used to charge the batteries. A power

connection to the shore can be used while loading and unloading, preferably

using electricity from a grid based on fAgreeno
power. In figure 4.3 a schematic overview of a sma I figreeno i nl an«
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terminal is given. The figure shows that windmills are used to generate
power which can be used to re -charge the barge.

Figure 4.3: O verview of the figreen 0 inland terminal

Source: own composition

If recharging through the grid is not possible due to too high costs or
insufficient equipment at the quays at the small waterways, the batteries

will be recharged by the main engines of the tug while sailing in the tug and

barge configuration.

An additional advantage is that the loading and unloading of the barges is
separated from the sailing part. One of the problems for inland ships is that

they experience a very long waiting time in the ports, on average 10 to 16

hours. The circulation time is increased which will lead to an increase in
transportation costs for inland ships and transit time due to these waiting

times (see section 3.4). In our proposed concept, the most expensive part

of the inland ship, the main engines and the crew, will be sailing as much as

possible because the push sh  ip does not have to wait in the port to load and
unload the barges. It only has to spend time in the port to couple and
uncouple the barges. Another potential advantage is that the deep -sea
terminals can handle the barges at off -peak hours. The handling co  sts of a
container in the seaport (unloading and loading) make up the majority of

the total costs, so that a reduction in the handling costs will have a large

impact on the total costs. In figure 4.4 an artist impression of the
developed small barge system in a seaport is given.
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Figure 4.4 : Barges being unloaded at a deep sea terminal

Source: own composition

The barges that need to be handled in the seaport are stored at a collection

point in the port. That collection point can be one point in the port from
where the barges are sailed to the appropriate terminals or more points

near large terminals could be formed. From those collection points, the

barges are sailed to the sea terminals by a captain who will work only in the

seaport (see section 6.3).

The reason why the new concept, initially, will be developed for the small

inland waterway network is that on the large inland waterways the large

inland ships wildl be fApushingo the small i nl a
market (section 3.5). On the small i nland waterway network the large

inland ships cannot compete.

4.3.2 Supply on one waterway

When the tug and barge convoy are sailing to one waterway, at the

minimum three times as many barges are needed as the number of them

sailing in the tug and barge s tage at one moment. One set will stay at the

seaport, one set will be in the tug and barge configuration and the last set

is in several places on the small waterway. The
beginning of the small waterway. The barges can travel to and from the

exchange point until the convoy arrives.

4.3.3 Supply on two or more waterways

With this concept it is also possible to use one tug which pushes sets of
barges to two or more different waterways. This is shown in figure 4.5.
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Figure 4 .5: Schematic overview of the concept with a 4 barges configuration
(2 different waterways)
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Source: Own compaosition

It is also possible to opt for a situation where for example four barges are
pushed to the first small waterway a nd two barges to the second small
waterway.

If the tug has to push barges to several small waterways, the barges will

spend more time in the seaport and small waterways, and more time will be

available to unload and load the barges. As mentioned before, a large
waiting time in the seaport does not have an impact on the variable costs

(crew and fuel) due to the fact that the actual transport is uncoupled from

the loading and unloading part. However, if the numbers of small
waterways that one tug has to serv e increase, more barges are needed and

the total investment as well as the fixed costs will be higher. This aspect

will be dealt in more detail in chapters 10 and 14.

4.3.4 Tug sailing on the small waterway

It is also possible to opt for an option where the tug will also sail on the
small waterway. This is only possible for a tug and barge configuration of

one barge. If the convoy is larger, then it is not possible to sail on the small
waterway due to the dimensional limitations on the waterway. In this
option, the barge is uncoupled from the tug, is sailed in and out of the lock
independently, and is re  -coupled after each lock. In this option the barge is
only equipped with a number of thrusters and batteries capable of sailing in

and out of a lock. Figu re 4.6 shows an overview of a small barge plus a tug

on the small waterway when they have to pass a lock.
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Figure 4.6 : O verview of the tug and barge on the small waterway

Source: own composition

In this option the time needed in order to pass the locks is increased
because the small barge has to wait for the tug to be pushed further on the
small inland waterway.

4.3.5 Available markets for the developed concept

The small barge convoy system can serve the markets which are located at
the small inland wa terways. These markets can be the divided into:

- Bulk market
- Container market

The bulk and the container market can serve two different types of
destinations at the small waterways. These two options are:

- Companies located at the small waterway
- (Small) i nland terminals located at the small or large waterways

Besides destinations (or origins) at the small waterways the concept can

also be used on large waterways. The small barges could be used for
dedicated transport between an inland and a deep -sea term inal without the
need of calling, with a single barge, at several different terminals to fill with
containers. In that case the cargo flows on the large waterways could be
combined with the cargo flows on the small waterways. The barge train

could be saili ng to an inland terminal with container barges for that
terminal, but also carrying barges with bulk material for the small inland
waterways.

Another advantage of the barge convoy system is that multiple destinations

and origins can be bundled into one ba rge convoy. So it becomes possible
to combine the cargo flows of several smaller companies that on their own

could not provide the critical mass needed to transport their cargo by inland

ships.
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In chapter 2 it was mentioned that palletized cargo flows are not taken into
account because a large critical mass is needed to reduce the sailing costs,

so that the inland navigation option can compete with road transportation
(Verbeke, Macharis,  Cornillie, 2007). In the developed concept it is possible

to make one barge completely dedicated to palletized goods, while other
barges are loaded with containers and / or bulk material. The needed

critical mass to transport palletized goods can be taken from other
commodity types.

If the small barge system is implemented (based on traditional inland
navigation cargo flows), the system could be expanded with additional
ipal l et bargeso.

4.3.6 Ownership of the barges

The small barge convoy system is built up of several small barges which will

be operated by a single inland shipping company. But in the small barge
convoy system it is also possible to lease or sell barges to large potential

clients. In that case the barges are completely dedicated to the companies

which have bought (or leased) the barges. The shipping company itself will
provide the crew and deal with the transportation on the large waterways,

while the clients will have to operate barges on the small waterways. This is

similar to a time charter or a bare boat charter in deep -sea shipping. By
doing this the pot ential clients are bound to the new concept and long -term
relations could be established. In that case the client is responsible for

loading and unloading the barges. For smaller clients the shipping company

itself will operate the barges on the small wate rways.

4.4 Preliminary ¢ onclusion

In order to deal with the, in chapter 3, mentioned problems of increasing
congestion on the road network and growing awareness of environmental
care, and the diminished supply on the small inland waterways the
adjustment  of the inland waterway infrastructure is too costly and will take
too long to materialize. Therefore the adjustment of the inland navigation
system is a better solution.

This new inland navigation system is the small barge convoy system could

be used in dealing with the previously mentioned problems of increasing
congestion on the road network and growing awareness of environmental

care, and the diminished supply on the small inland waterways. Due to the
modular character of the concept potential clients could be bound to the
concept by leasing out some of the barges.

As the small barge convoy system is new and no reference material is
present, the concept must first be further developed and researched. This

will be done in part Il of this thesis. In orde r to research the concept, a
model will be made of the small barge convoy system. In the next chapter

the modelling methodology will be developed in which the network design,

the design of the barges and tug and the transport economics of the
developed sm all barge system are incorporated.
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5. Modelling methodology

5.1 | ntroduction

The combination of network design, the design of the barges and tug, costs
calculation, competition of other modes and the determination of the
external costs strongly characterize the mode Iling methodology  of the small
barge convoy system.

The model will be developed to gain insight into the dynamics of the small
barge convoy system and it will offer the design of the barges and tug

which are used within the small barge system . It is the aim to determine
the total system optimum . Therefore, in the model, all the design
parameters (network, barge and tug) are variable and will be optimized

5.2 Modelling approach

The aim of the model is to investi gate the influence of different network
and/or barge/tug design options on the transportation costs and hence on

the competitiveness o f the small barge convoy system " The total model
will be built up of three major model components. In figure 5.1 a schema tic
overview of the model is given.

Figure 5.1: O verview of the different model parts of the modelled concept

Supply
| SBCS T TTTTTTTTTTTTTT YT TTTmm T Tompefitiory
I > I
> |
| |
| _| Network model | I
| |
1 |
I o A\ 4 |
I "| Design model :
I
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I Transportation cost External costs Transportation cost External costs :
: l | | I
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1 | v v | |
: » Generalized costs (supply) |« Generalized costs (supply) |« -- :
| L7 :
I § Price determination :
|
I 1
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Output: Generalized costs (demand) Generalized costs (demand) :
A 4 I
(NPV) : \—>| Competition model |<—‘ I
: (Assumed) utilization rate | | :
B o o o e e S R R S R R S R R S R S R |
Demand
Source: own composition
10 The transportation price will be based on these transportation cost (see chapters 11 and

13).
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The upper part of the model, the supply side, is divided into two parts. The
first part ( SBCS) is the model concerning the developed small barge
system.

First a network configuration in the network model (chapter 6) must be
selected. Based on this network the design model (chapter 7) will design
the tug and barges . Based on the network and th e design of the tug and
barges the cost model (chapter 8) will be used to calculate the
transportation costs and the external costs (chapter 9). The transportation

costs, the external and other non -monetary costs components such as time

and reliability wil | determine the generalized costs (chapter 10).

The final output of the model will be a Net Present Value (NPV) of the
investment in the small barge system. The NPV will be based on the total

income and costs during the total life time of the small barge  system. Based
on this figure the different design options are ranked and investment
decisions will be made (chapter 11).

The second part of the top side of figure 5.1, i.e. competitors, represents
the modelling of  supply of the competitors for the small barge system. From
the network work model the alternative routes of the competitors are
determined and the transportation and external costs are calculated. Also
the generalized costs of the competitor s are determined (see chapter 12 )

The bottom part of figure 5.1 represents the demand side. Here the
competition between the small barge system and its competitors is
determined. In this part of the model the generalized costs of the cargo

owners are determined. This demand part of the model will take into
account the generalized costs and the transportation price of the small
barge system (see chapters 12 and 13).

Figure 5.1 shows that the network model will influence the design of the
barges and tug (number of barges pushed, maximum dimensions of the

bar ges, etc.) but also the transportation costs (travelled distance, number

of locks that have to passed, etc.). The transportation costs are also
influenced by the design (speed of the tug, hull shape, propulsion system,
ect.). The transportation price of th e small barge system will be determined
on the basis of its generalized costs and by the competition from the other
modes.

In order to determi ne the transportation price , the utilization rate of the
barges must be known. Because the utilization rate cann ot be determined a
priori an iterative approach is applied. This means that an initial  utilization
rate of the barges (and thus market share) will be assumed. In the
competition model the market share , of the small barge system, will be
calculated based on the competition of the other modes. This calculated
market share will be compared to the initial assumed market share. If the
calculated market share is larger than the initial assumed market share

then the initial assumed utilization rate ( market share ) can be accepted. If
not, the assumed initial utilization will be altered .

From the competition model there is a Iso another feedback relation , to the
part of the model in which the small barge system is modelled. T he
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competition of the other modes willh  ave a direct influence on the maximum

level of the transportation price and the utilization rate of the barges (first
iterative relation) . The transportation costs of the small barge system are
influenced by changes in the barge network and/or design chang es of the
barges and tugs (second iterative relation) . Therefore the profitability of the
small barge system will be determined by balancing these two iterative
relation s.

The model has been programmed in the knowledge -based system

Quaestor ™. Quaestor is capable of solving iterative relations which are
needed to be solved for the design of the barges and tug. Another
advantage of the Quaestor system is that it can be extend ed with other
software programs. In this model it combines Excel (final output) and
Rhinoceros *? (3D output of the design model).

In the model a number of parameters can be varied . As such the influence
of changing those parameters can be . The se variation s have been made
possible because it is not known a priori what the best design opti on is and
what the influence is of those parameters on the transportation costs. In

the network model the following main network options can be selected (see
chapter 4) :

- independent ly sailing barges on the small waterways
- tug will push the barge on the sm all waterways
- Aovermal 6 tug and barge option

For each of the chosen logistic options the next parameters can be varied:

Table 5 .1: O verview of the different network parameters in the developed model

Parameter Options to choose

Number of pushed barges in one convoy 1,2,4 and 6
can also be varied per waterway

Number of selected waterways lto5
possibility to sail to an inland terminal on a large
waterway

The begin (or end) location in the seaport can select 1 to 7 terminal groups in a port
can also be varied per selected waterway

Sailing regime of the tug full or semi continuous
The design parameters  of the network model can be altered , even when the
system is implemented . If there are changes in the deman d and/or supply

the network can  be changed . The only parameter s that are fixed are the
number of barges ** and the choice for a specific sailing regime is fixed. If a
choice has been made , then the tug will be designed according to the
specific requirements. So if a tug has been design for se mi continuous

1 Quaestor is a knowledge management system software tool developed by Qnowledge. It is
a development platform, working environment and management tool for engineers, enabling
integration of design configuration, calculations and the generation of drawings and graphs.
http://www.qnowledge.nl

12 Rhin oceros is a 3D cad package that is used to draw the 3D designs of the barges and the

tug http://iww.Rhino3d.com

13 Although, technically, they can be sold or scrapped but within the system they are fixed

(they can either be used or  laid up).
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sailing then it is not possible to change the sailing regime to full continuous
sailing. However the opposite is possible. A tug that has been designed for
full continuous sailing can be re -deployed to semi continuous sailing.

Int he design model the following design parameters can be varied:

Table 5 .2: O verview of the different design parameters in the developed model
Parameter Options to choose
Hull form barge shape of bow and aft ship
main dimensions of the barge (L,B)
Propulsions system of the barge batteries, generator set(s) or hybrid drive

number of installed thrusters
propelled or non-propelled

Speed of the barge all speeds are possible
Hull form tug shape of bow and aft ship

Main dimensions of the tug (L,B,T)
Propulsions system of the tug diesel direct, diesel electric

Number of propellers|l to 4
Number of engines|1 to 4
Speed of the tug and barge convoy all speeds are possible
number of trips of the convoy on one fuel tank [all numbers are possible

The design model aims at providing a preliminary design of the barges and
the tug in which the influence of the main design choices on the
transportation costs is determined. These drawings could be used by a
shipyard to start the actual engineering work. It is thus not the aim to
provide a complete design from which the barges and tug can be built
directly .

The design parameters of the tug and barge design are fixed choices. Once
the barges and tug have been built , the se design parameters cannot be
changed.

The c ost model will have the following parameters that can be varied:

Table 5.3: O verview of the different costs parameters in the developed model

Parameter Options to choose
Percentage equity/debt 0 to 100 %
Interest rate of the loan all values are possible
Fuel price per tonne all values are possible
One person sailing per barge on small waterway [yes or no option
Inflation rate all values are possible

The parameters that can be varied in the cost model are also parameters
that will not vary in tim e. The financing is fixed for 20 years and cannot be
altered very easily . The fuel cost and inflation rates are also parameters

that cannot be influenced. However these costs cannot be influenced they
can vary quite considerable over time. To take this asp ect into account
several future scenarios will be developed (chapter 14) to determine the
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influence of these parameters on the competitiveness (profitability) of the
small barge system.

5.3 Monetary values in the model

The total model will be built up based on a lot of different model
components (see figure 5.1). In all these sub -models a lot of cost  data will
be inserted. In the design model also the newbuilding costs of the
developed barges and tug will be determined. In the transport ation cost
model the other cost components such as fuel costs and crew costs will be
determined. Later in thi s thesis the (generalized) cost of the small barge
system will be compa  red with the (generalized) cost of its competitors. It is
important that all the costs data a re from the same base year , in order to
allow comparison.

It was not possible to collect all the different cost components in the total
model from the same year. Therefore all the costs will be scaled to the

same base year. The base year will b e (December ) 2009. All the cost data
from before 2009 will be scaled with sector specific index figures. If those

specific index figures are not available, EU -16 inflation figures will be used.
These figures are given in table 5.4. In this table the index will start  at the
year 2002 (index = 100) .

Table 5.4: Inflation figures EU -16 (2002 -2009)

YEAR | inflation rate index (2002 base)
[%] []
2002 1.90% 100.0
2003 1.90% 101.9
2004 2.50% 104.4
2005 2.00% 106.5
2006 2.50% 109.2
2007 1.90% 111.3
2008 3.70% 115.4
2009 0.00% 115.4

Source: ECB, 2010

5.4 Summary

In the chapter the total model used to research the small barge system has

been presented , including the links between the different sub -models . The
parameters which can be varied in order to determine t heir influence on the
competitiveness of the small barge system are presented . It is the aim of
the model to determine the total system optimum (network and ship
design) but it can also be used to determine a new optimal network if the
tug and barges are already designed (fixed design parameters ). In that
case the feedback relation to the design model is lost. This option can be
useful if there is a change in demand or supply while the system is already

operating.

1 For example, a costitem dates from 2004, will have index equalto 115.4/104.4.
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6.1 Introduction

The network design model is the first sub

model that will be dealt with. The network model is split up into two parts.
The first part will deal with the network design on the inland waterways,

while the second part will deal

system. In order to determine the transportation costs of a design for the
sailing part of the concept, network information such as sailed distance and

-model of the total developed

with the port network for the small barge

the number of locks needs to be known. Some of that network in
is used only in the ship design part of the model such as the maximum

allowable dimensions of the barge, maximum speed on the small waterway,

formation

etc., while a part of the information is also used to determine the

transportation costs and the design
The sailing regime will influence the number of crew members on the ship,
and therefore also the crew costs, but it will also influence the minimum
required space of the superstructure on the push ship. This will als

influence the design and also the new
Figure 6.1 shows the schematic overview of the model and the position of

the network

Figure 6.1: Position of the

model.
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The network model will also determine the alternative routes of the small

Demand

barge competitors. The transportation costs of the competitors are thus

equally influenced by the network model. If all the different routes are

chosen in the network model, then also
that the network model will also influence the competition model (see

chapter 12).
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6.2 Network options

With respect to the network model, three different logistics options can be
chosen when operating the barges on the sma ll inland waterway network

- Option l1a) is an option where the barges are uncoupled at the entrance of
the small waterway and from where they will in a sail self -sustained way to
the final destination (see section 4.4)

- Option 1b) is an option where t he barges are pushed to destinations at
small waterways and to inland container terminals located at large
waterways (see section 4.4)

- Option 2) is the option where the tug will join the barge on the small
waterway (see section 4.5)

- Option 3) isth e option where one can choose a normal push barge convoy

Why is there a distinction between the option where the barges are sailing
in a self -sustained manner and the option where the tug will also push the

barge on the small waterway? In fact, it is not clear which option will be the
most competitive one. Therefore both options are taken into account in the
model . The third option has been added

convoys can be designed and analysed . It is then also possible to see if an
increase in speed of the tug will lead to more round trips and therefore to

higher revenue or if the extra fuel costs lead to higher costs and thus to
lower profit.

6.2.1 Independent sailing of the barges

The first logistics option is the option where the barges can sail in a self -
sustained manner on the small waterways. In that option the barges are
equipped with electrical propulsion equipment powered either by a batteries

and/or a generator set. The design of the barges will be discussed in
chapter 7, while in this chapter the boundary conditions of that design will

be given. These boundary conditions are the maximum allowable
dimensions of the barge, the water depth of the waterway and the required
distance that the barge has to sail. The main dimen sions of the barge are
determined by the smallest size of the locks that the barge has to pass on

the selected waterway. The water depth and the required distance are

taken from the water maps.

This logistics option will lead to a situation where there i s another crew
needed to sail the barges on the small waterway (small waterway crew).

The crew on the tug will push the barges from the seaport to the entrance

of the small waterway where they will leave the barges.

The small waterway crew will drive , with their own car for example, to the
location where the barges are left behind on the large waterway and from
there they will sail the barges to the final destination of the small inland

waterway. When that has been done the crew members of the different
barges are moved back to their start ing position. From there the crew will
get in their cars and can get back home. The rules in the Netherlands and
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Belgium pre scribe that the crew on  an inland ship must be at least a captain

and a mate. However for small i nland ships (< 55 metres and equipped
with a bow thruster ) an exception has been made so that those ships can

be sailed by a single captain ( Schuttevae r, 2010). The manning rules in
Belgium are determined by the federal government . However , the
application of the rules is determined for the waterways by the regions
(Flanders, Walloon region, Brussels ) and by the port authorities for the
ports of Antwerp, G hent and Brussels. The new manning rules are not
consistently applied everywhere. For instance it is no t allowed to sail alone
on large waterways in the Walloon region while it is possible in Flanders
(Schuttevaer, 2007). In the model it is possible to opt for both options. Or
the barges will be sailed by only a captain or it will be manned by a captain
and his mate. This will have an impact on the transportation costs of the
concept ( see chapter 8:transportation cost ).

There is also a third crew needed in this option and that is the crew who will
work in the seaport. This crew will sail the barges to and from the clustering
point in the port and the terminal.

It is possible for the different crews to rotate from tug duty to small
waterway duty so that the work is more diverse. In figure 6.2 the different

crews are shown when the barges can sail independe ntly. The dotted line in
figure 6.2 indic ates that the crew of the small barges need to be
transported back to the ent rance of the small waterway.

Figure 6.2: D ifferent crews for the independent sailing option

T BT od ol ]
Note: original figure adapted from PBV

6.2.2 Barges on small and large waterways combined

The second logistics option that can be chosen is the option in which the tug

will push barges with a destination at the small inland waterways, and

barges that have a destination at a large waterway. T he barges that have a
destination at a large waterway will be pushed to an inland terminal located

at that large waterway. At the inland terminal the convoy will be broken up,
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the Al arge waterwayo barges wil/l stay behind at
barg es will be sailed from the inland terminal to the final destination on the

small waterway. In this option , the cargo flows on the large and small

inland waterways can be combined and the potential market grows for the

concept.

6.2.3 Tug and barge on the sm all waterway

The last logistics option is the option where the tug will also sail on the
small waterway. In that option the barge is not fully equipped with a
propulsion package such as a wheelhouse and a lot of batteries, but the
barge is equipped with only a small propulsion package of two thrusters to
sail in and out a lock on its own. After the barge has passed a lock, the tug
will also pass the lock and the two are connected again. As the locks are not
large enough to accommodate the tug and barge at the same time, the
barge has to wait for the tug after she has passed the lock. It is set that the
maximum convoy size for this option is only one barge. In fact, it is not
possible to sail with more than one barge on a small waterway because of
the dimen sional restrictions of the waterway. The advantage of this option
is that the need of a small waterway crew is eliminated.

For this situation it is possible to design a specific tug. The tug can be

equipped with a diesel electrical propulsion lay -out whi ch can be designed
for two different conditions, i.e. the small -river condition and the large -river
condition.

6.2.4 Classic tug and barge convoy

An additional logistics option is when the barges are designed as normal
barges without propulsion equipment such as batteries, thrusters and a
wheelhouse. Also the aft ship of the barges changes into the aft ship of a
normal push barge. The crew on the tug will push the barges to and from

the seaport to a destination on an inland waterway. The model also allows

for the design and calculation of barge train configurations that will only salil

on the large waterways. This option will not be used in the main research
concerning the small inland waterways, but it also enables the model to
investigate the no rmal tug a nd barge convoys.

6.2.5 Time components inthe network  model

In the network model several time components are defined in order to
determine the total transportation time to move the barges from the
seaport to their final destination. These times are neede d to calculate the
total transportation time and the total transportation costs.

In figure 6.3 the different times that are used in the model are shown on
the map of Flanders.
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Figure 6.3: Different times used in the model
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The first time component is the port time (T port). This port time is the time
which a captain will spend on a barge when the barge is being moved from

the clustering area in the seaport to the terminal. This time is estimated at

1.5 hours per b arge.

Another time component that is used is the time that the tug and barge
convoy will spend in the port (T PORT convoy). This time is determined by the
distance that needs to be sailed in the port and the speed of the convoy.

The time that the crew of the tug needs to couple and uncouple the barges
from the tug (T  coupling ) IS also taken into account. This time is set at 30
minutes per barge in the convoy. This procedure has to be done twice, once

in the seaport and once at the entrance of the small wat erway (first option)
or at the final destination (third option). In the second option, where the

tug will also sail on the small waterway, then at every lock the barge has to

be uncoupled and re  -coupled at every lock.

The fourth time component is the time that the total convoy will spend on
the large waterway (T  w). That time is determined by the sailed distance
and the given speed of the convoy. The relation to calculate that time is
given in the formula 6.1:

T,z Dist,,, (6.1)
Vconvoy

T.w = time large waterway [h]

Dist \\ = distance large waterway [km]

Veonvoy = Speed barge convoy [km/h]
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In the model it is also possible to break up the total sailed distance on the
large waterway into two parts (T w_A and T w_B). This has been done so
that it is possible to design a tug to sail at two different water depths. This

can be useful if the convoy will sail a part of the trip on a water depth of 6

meters and a part at 3 meters. If the convoy has to sail with the same

speed at the 3 - meter wate r depth as it will at the 6 -meter water depth, the
required power will increase tremendously (shallow water resistance). So, if

the speed is reduced, then also the sailed time on that part of the waterway

will increase.

The time spent by the barge on the small waterway (T sw) will be
determined next. The sailing time can be calculated with:

_ Disty,,

Tow= (6.2)
VSW

Tsw = sailing time on the small waterway [h]

Dist sy = distance of the small waterway [km]

Vsw = speed of the barge (or convoy) on the small waterway [km/h]

In the second logistics option, this time will be set at zero hours. The speed

on the small waterway will be given as a default setting by the model and

the value is set as the maximum allowable speed on the selec ted waterway

(+/ - 7 km/h). The distance of the small waterway is set at the maximum

distance of the selected small waterway. The reason is that the locations of

the different inland destinations are not known.

Another time component that is incorporated is the time that the barges (or

the convoy) have to spend for passing a lock on the waterway (=T Lock)- ThiS

time is set at 30 minutes per lock > for the locks at the small and large

waterways.

Also the time that is used if the barges are moored on the smal | inland

waterways is taken into account. This time is the time that the crew of the
barge on the small waterway needs to moor or to move the barge at the
entrance of the waterway or at the destination at the small inland waterway
(T moor)- This time is est  imated at 2 hours.

The next time that will be incorporated is the time that is needed to unload
and load the barges at the small inland waterway. The total time that the
barge will not be able to use is determined as one day. This time is taken
into accoun t in the costs calculation because this will determine the time
when the barges have to be returned to the large waterway and therefore
also the number of round trips that can be made per year. This time will not
influence the crew costs because the barges are left behind by the captain.
The total time that a barge will spend on the small inland waterway is
determined by the time needed to sail from the beginning of the waterway
to the end and back plus one day to handle the barges. By applying this
approac h (total distance of the small waterway) it is possible to combine
the incoming and outgoing cargo flows. If one barge will unload its cargo at
the beginning of the small waterway (destination) and load cargo at the end

15 Scheepvaart in Zeeland 2005, Rijkswaterstaat Dienst Zeeland (2006)
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of the waterway (origin) then the to tal distance of the waterway (A 1+A ,=B)
is taken into account. This is sketched schematically in figure 6.4.

Figure 6.4 : L oading and unloading at a small waterway

Large
waterway
Origin
(1/2 day loading)
Small waterway
Distance B .
Distance A1, . Distance A2 -
Destination
(1/2 day unloading)
v
Seapont
Source: Own composition
If a destination and origin (incoming and outgoing cargo flows) ar e not

located at the end of the waterway, the transportation costs will be
overestimated.

The last time component that has been taken into account is the time that
is needed to transport the crew of the small waterway crew from the inland
destinationtot he entrance of the small waterway (T crew__SW).

6.2.6 Different routes in the network model

In the model, predefined routes, with the network information needs to be
selected in order to give the design model the required design criteria and,

at a later sta ge, to calculate the transportation costs per TEU or tonne
cargo. The distances on the small and large waterway, the water depths on
the small and large waterways, the number of locks on the route and the
locations of the inland terminals are given in thos e predefined routes. In
figure 6.4, the different routes are shown where the dots on the map are
the locations where the convoy can be broken up into independent sailing
barges. If an inland terminal is added to the network, at those locations the
barge co nvoy will be broken up. Then the inland terminal is also used to
store the barges.

All the routes start from Antwerp and the routes 1 to 4 have a destination

at a small waterway. In the model, it is also possible to choose an option

where more routes are sailed with one tug. So one can opt for a logistics
option where the tug is pushing a set of barges to one selected waterway or

for a situation where the tug is pushing barges to more destinations. In the

model it is possible to combine up to five differen t routes. The main
advantage of sailing at more than one destination is that the tug (and her

barges) is increasing her potential market. If the distance between a
seaport and an inland destination is relatively short (<50 to 100 km), then
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the tug is able to do a lot of round trips per year. If more routes are added,
then the tug can push more (occupied) barges to and from the seaport.

Because the developed model is generic it is possible to change the network
data. It is therefore possible to run the mode | for any country / seaport
hinterland region other than the Flemish one, shown in figure 6.5.

Figure 6 .5: Predefined routes in the model

|

J
nute

/Nioiat b RE

7’

AN
3 //
Note: original figure adapted from PBV

il A

If different routes are combined, the barges will be designed in such a way
that they can be deployed at all the different waterways, so that the barges

will be uniform. Therefore, the main dimensions will be determined by the
smallest combinations of lock dimensions. Also the longest required sailable
distance is used to determi  ne the range of the barge and the highest
allowable speed is used as a design condition for the barges.

6.3 Port organization

This part of chapter 6 will deal with the organization of the barges in the
seaport (see also section 3.4). The first part will d escribe three different
potential options to handle the barges in the seaport while the second part

will deal with the geographical port data implemented in the network
model.

6.3 .1 Different  port organization options for the small barge convoy

As mentio ned in the previews part the small barge convoy system can be
used to:

- reduce the costs of the inland ship / barge system in the port
- reduce the handling costs per TEU due to larger call size per terminal
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There are three different logistical options developed that could be used to
deal with the port network of the small barge convoy system.

- The barge exchange point
- The barge exchange point with port tug
- Multiple barge exchange points

Barge exchange point

The first option is the option where the tu g wil/l push the barges to
exchange pointd in the seaport. From this poin
and the loaded barges are re  -coupled to the tug. Therefore the tug can be

used as much as possible. The barges that ar e
exchange pointo wild.l be sailed to the seaport t el

be present at that point (seaport crew). This option can only be applied if

the barges can sail independently. The barges will be available for the
terminals and the terminals will handle the barges when they have time for
them.

A possible disadvantage of this option could arise if the distance between

the terminals and the barge exchange point is too large. Another problem

occurs if the barges have to sail on large waterways betwee n large deep
sea ships. If a barge has to be moved between terminals where the dee p
sea ships cannot sail without the use tugs then that problem can be
smaller. In figure 6.6 a schematic overview of this concept is given.

Figure 6.6: The barge exchange po int

Seaport

O O O Tug and barge
Q O \: convoy

OGO
O Q/
O = Terminal

= Barge exchange point

Source: Own composition
Barge exchange point with port tug

The second option is an option where the barges are collected at one barge
exchange point (BEP) but where the barges are moved from the BEP to a
group of clustere d terminals with a port tug. In figure 6.7 the schematic
overview of this concept is given.

The port tug will have enough power to sail the barges between the deep
sea ships. The biggest disadvantage of this option is that this system
requires two tugs ( one for the hinterland transport and one in the port),
which will have a big impact on the total amount of money that needs to be
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invested (and on the transportation costs see chapter 8). This option can be

the best option if there are enough barges to be moved to a terminal from
the BEP. The hinterland tug can be used as much as possible to move the
barges to their hinterland destinations.

Figure 6.7: The barge exchange point with port tug
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The third option is an option in which the previous two options are
combined. If the distance between the clustered groups of terminals is

large, a tug is needed. This tug can also be the tug used for the hinterland
transport. That tu g will sail to a BEP per clustered group of terminals, where

the tug will leave the barges and from where the barges can sail to the
terminals independently. In this option the tug will also be used in the

seaport, so that the tug is not used optimally. Bu t in the starting -up phase
this option can be the best option because the needed investment is
minimal. Figure 6.8 offers the schematic overview of this concept.

Figure 6.8: The multi ple barge exchange point
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6.3 .2 Geographical port data

Choosing a port network option is determined by the situation of the port.

The port of Rotterdam, for example, is very long. The different terminal
groups are located at large distance. For example, the distance of th
Waalhaven to the newto  -be-built Maasvlakte Il can be up to 40 km. Also in
the Port of Antwerp the distances between the different terminal groups are
larger. In order to implement the small barge convoy system in the ports of
Antwerp and Rotterdam, opti on one (BEP) cannot be applied. The sailed
distance from the BEP to the terminals is too large. The second option will

be too expensive due to the use of an extra tug (large increase in fixed
costs see chapter 8). Therefore the third option of the MBEP is implemented
in the developed model. The port model can offer a choice for several
origins / destinations in the selected port. Another option is to use the tug

to push the barges on one trip to a selected terminal group, and then on

the second trip to anot  her terminal group. Further, an option can be chosen
where the tug has to push barges to different port areas in the same trip.

In the total model , both the ports of Antwerp and Rotterdam are
implemented. The distances of the different port areas to a st arting point in
the seaport are used in the model to determine the sailed distance of the

tug in the port. Also the number of locks that need to be passed is
determined in the model. The terminal groups that have to be called at

need to be selected in the model. This choice has to be based on the
transported cargo (bulk or containers) and on the overseas destinations of

that cargo.

The Port of Antwerp

The port of Antwerp has been divided into several smaller ports area. These

smaller port areas will be us ed in the port model in the multiple barge
exchange point option. The terminal cluster in figure 6.11 will now coincide

with the smaller port areas. These areas are the Oosterweel port, the
Wilmarsdonk port, the Linkeroever ports (Deurganckdok), the Lillo port and
the Zandvliet port. These different port areas are adapted from figure 6.9.
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Figure 6.9: Port areas of the port of Antwerp
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The starting -point from where all the distances are determ ined in this port
is the entrance of the Albertkanaal. All the different port areas have their

own specialization in ship handling. The Oosterweel port is a port area with

a lot of bulk terminals and chemical industries, while the Linkeroever port

area has large container terminals.

The Port of Rotterdam

Figure 6.10 gives an overview of the port of Rotterdam. This port is divided

into smaller port areas. These areas will represent the terminal groups in

the MBEP of figure 6.7. These areas are the Waal/Ee mshaven (1), Botlek
area (2), Pernis area (3), Rozenburg Area (4), Maasvlakte | (5) and
Maasvlakte Il area (6).
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Figure 6.10: Port of Rotterdam
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Source: Adapted from the port of Rotterdam

All the distances are determined on the basis of the reference p oint chosen

at the Willemsbrug in the centre of Rotterdam.

6.4 Number of barges in the system

In section 6.2 of this chapter the different logistics options have been
described. In the option where the tug will also sail on the small waterway,

the number of pushed barges is equal to one, due to the lock and fairway
restriction on the small waterway. For the other two logistics options the
number of pushed barges must be given in the model. The model allows us

to choose to push one, two, four or six barges in one convoy pushed by one
tug. It is also possible to change the barge formations if more routes are

added . So the total model can design and calculate the transportation costs,
for a tug and barge convoy that can, for example, push two barges on the

fir st selected route and four barges on the second selected route.

The minimum number of barges needed is equal to three times the number

of barges that are in the convoy if the tug is sailing to one selected small
waterway. If more waterways are selected, the minimum number of barges
is equal to two times the number of pushed barges, times the number of
selected waterways. On every waterway a set of barges must stay behind,

while in the port only one set is needed (at a minimum). The schematic
overview of m inimum number of barges is given in figures 6.11 and 6.12.

72




Chapter 6: Network design model

Figure 6.11 : M inimum number of barges (one selected waterway, 4 barge

s option )
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Figure 6.12: M inimum number of barges (two selected waterways,

4 barge s option)
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The total number of barges needed is referred to as the

minimum  number

of barges needed in the system. From a logistics and a reliability point of

view, it may be better to have more

barge sets than the minimum number

of barges. The time spent by the barges in port can then be larger,

resulting in higher flexibility in deploying the barges.

In the model it is possible to overrule the minimum number of barge sets

that are needed on th

e selected waterways and the number of barge sets

(N garge_sets ) Can be changed. A sensitivity analysis needs to be conducted in
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order to determine the influence of adding more barge sets on the
transportation costs related to the improved reliability of th e small barge
system (see chapter 14).

6.5 Summary

This chapter has described a logistics and network model that is
incorporated into the total model. In this model a logistic system will be

chosen which will provide the data needed and the boundary condi tions for
the tug and barge design model (next chapter) and the
transportation/external cost models (chapters 8 and 9).

This chapter has also described the different port -hinterland systems for the
developed small barge system and the potential advantage of the small
barge system with regard to the existing problems of small call sizes at the

deep s ea terminals (see section 3.4).
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7. Ship d esign model

7 .1 Introduction

In this chapter the design model is described that has been added to the
total model. The design model is used to design the barges and the tug for
the selected logistics option described in previous chapter. Figure 7.1 shows
the position of the design model in the total model.

Figure 7.1: P osition of the design model in the total model
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The design model will be built up from 3 different sub
model is the barge design model in which the used barges are designed.

The second sub -model is the barge train model in which the combined

barge resistance is determined. The last sub
in which the tug will be designed.

-models. The first

sub -

-model is the tug design model

This chapter aims to give a general overview of the design made of the
barges and tug. Also the possible design choices in the total model are
explained in this chapter. For
design choices and detailed calculations the interest reader is referred to
the appendices. References to these appendices will be made where the
specific calculations and design choices are mentione
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7.2 Barge design m odel

7.2.1 Introduction

This section of the chapter will describe the barge design model used to
determine the design of the barge. In the design of the barge , the
geometry, the construction and the resistance (propu Ision) of the barge are
important aspects.

Because the different components mentioned above depend on one
another, the software program Quaestor has been chosen to program all
the knowledge (design relations and formulations). The software is capable
of solving all the different relations between all the components. The way
the different components are related to each other is given in figure 7.2.

Figure 7.2: S chematic overview of the barge design model
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The red lines indicat e data taken from the chosen logistic option in the
logistic model. For instance a change in the number of containers carried by

the barge (payload) has an influence on all the other components. All the

boxes in figure 7.2 with no arrows directed at them a re parameters that
need to be determined by the user of the model.

The different components are separately explained in more detail in the
upcoming parts of this chapter. First, the position of the barge model in the

total design model will be given. Aft er that the geometry of the barge, the
used resistance model and shallow water correction for the resistance
calculation will be described.

The third aspect that will be described is the construction of the barge and

the calculation of the construction we ight of the barge. The next part will be
the description of the propulsion of the barge (thruster selection and power
generation).
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In the next paragraph the new building costs of the barge are determined.

The last part of the chapter will deal with a sen sitivity analysis of the
chosen parameters shown in figure 7.2 in the design of the barge. For
instance the effects of increasing speed and range of the barge on the
newbuilding costs are  analysed .

7.2 .2 Position in the design model

This paragraph describ es the location and the relation of the barge model
within the design model.

The barge model must be able to design several barges (in dimensions and
capacity) which are capable of sailing independently or to manoeuvre
autonomously in and out of a lock. The new building costs for each design
also needs to be determined by the barge model. When the barge is
designed, the next model must be able to determine the total resistance of

the selected barge train. The size of the barge train can be varied from 1 t

6 barges. When the total resistance of the barge train is known, the tug will

be designed for a given speed of the total convoy. In addition, the new
building cost needs to be calculated for the tug. The systematic
representation of the design model and the position of the barge design
model are given in figure 7.3.

Figure 7.3: Design model with the position of the barge design model
Design model

Barge design model

v

Barge train model

A 4

Tug design model

This design model wants to determine the main features of the barges and
tug and the height  of the building costs. The design model is also used to
determine the transportation costs per TEU or tonne cargo, so that the
competitiveness of the design can be determined.

7.2.3 Geometry

The geometry of the barge that is being used or the design of th e barges is
the same as the geometry that has been used in an empirical resistance

model of barge (Holtrop etal. 1990). The geometry is given in figure 7.4. A
further description and explanation of how this geometry is embedded in

the barge design model ¢ an be found in appendix A.
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The reason for using this geometry for the barge is that the resistance
model also uses this shape. The resistance calculation for the designed
barge is the same in Holtrop etal. (1990). A further explanation of the
choice of this resistance model can be found in the next paragraph, which

will deal with the resistance calculation of the barge.

Figure 7.4: L ocal and global form parameters of the barge
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Source: Holtrop  et.al. 1990

In the barge design model the maximum length a nd beam of the barge is
restricted by the maximum allowable length on the selected waterway(s)

that has been chosen in the network model (see chapter 6). The minimum

beam of the barge will be determined by stability requirements of the barge

(see s ection 7 .2.8 of this chapter).

7 .2. 4 Resistance calculation

Method

There are several methods to calculate the resistance of a barge in calm
water.

In the past some simple empirical models were formulated, such as Latorre

and Ashcroft (1981), in which the resist ance was split into a frictional and a
wave making part. The methods of Howe (1961) and Bronzini (1981) give
relations to calculate the resistance of barge trains, including the push ship.
These different resistance methods are given in appendix B.1.

The downside of these formulas is that there is no very good description of

the shape and form of the barge and that scale effects are not taken into
account . Those formulas only hold for
small barges. That is why the resistan ce model of Holtrop  et.al. ( 1990) is
used in the barge design model.
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The big advantage of this model is that it uses a regression model of a large

set of resistance date of model barges (which have been towed in a towing
tank), which is based on the hydr o mechanical theory. Therefore, the data
of the small barge models can be used in 1:1 scale if a correlation
correction is applied. Another advantage is a better description of the shape

of the barge, so that the influence of different shapes of barges can be
analysed . Appendix B.2 offers an overview of the used resistance method.
Because the barges are sailing on small waterways with a limited depth, the
effect of the shallow waterway resistance also has to be added to the
resistance model. Appendix B.3 gi ves the shallow water correction of Basin
et.al. (1976), which will be added to the resistance method.

Comparison of the different resistance calculation s

To check if the programmed calculations of the resistance give realistic
values, several tests have been done. The first check is to take a close look
at the different resistance components. The different resistance components

for the barge on deep water by different speeds are given in figure 7.5.

Figure 7.5: Different resistance components
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This ca Iculation has been made with a barge with a length of 40 meters, a

beam of 5.5 meters and a draft of 2 meters. It can be noticed that the

frictional resistance at lower speeds is a large part of the total resistance

and that the influence of the frictional resistance will become less if the
speed is increased. On the other hand, the wave -making resistance gains in
influence on the total resistance when the speed is increased. Further, it is

clear that the viscous pressure resistance is an important resistan ce
component. These conclusions are in line with the theory.

Another parameter with a larg e influence on the resjstance i
This influence is shown on figure 7.6. If that angle is varied and all other

parameters are kept constant, the resistance will decrease when the angle

becomes smaller. The reduction in resistance is not very i mportant because

wh e n, décreases, also the length of the barge will increase, so that the

frictional resistance will increase. However, the general trend of reduction of

the resistance is also something that can be found in t heory ( van Terwisga |,

1989) (s ee also Appendix B.5).
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Figure 7.6: 1 nfluence of U, on the resistance
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The last way to investigate if the calculated resistance is normal is to

compare the calculated values with another resistance model, like the

model of Lator re and Ashcroft. The choice has been made not to compare

the used resistance model with the method of Howe and the method of

Bronzini because those models will only deal with the total barge train
resistance and including the push ship. Therefore those mod els will
overestimate the resistance of a single barge.

If the resistance that is being calculated by the model is compared with the
resistance of the model of Latorre and Ashcroft, it shows in figure 7.7 that

the resistance the model calculates have the same order of magnitude as
the model of Latorre and Ashcroft when the speed is smaller the 4 m/s. But

when the speed is going up, the results of the model are much larger than

the results of Latorre and Ashcroft. The difference will become smaller when

th e beam of the barge is increased.

This large difference is caused by the influence of the shape parameters of

the barge model which are not used by Latorre and Ashcroft, which
assumes standard hull form of the barge. The large difference at high
speeds be tween the two methods is caused by the wave -making resistance
of the used model which is very dependent on the Froude width number
(Fnp=Vsd &a(g*B) and on the paramet eTthesalérsee appen
the barge, the larger the wave -making resistance wil | be at higher speeds.
Normally the wave -making resistance depends on the Froude number,
based on length and not on the Froude number based on the width. The

reason why the Froude width number is used is that the shape of the hull

form of the barge is such that the wave - making resistance is more affected
by the width of the barge than by its length.
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Figure 7.7: Comparison resistance Latorre and Ashcroft with the barge model
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The resistance calculated with the method of Latorr e and Ashcroft is based

on larger (and wider) barges. This could explain why there is such a large
difference. This can also be seen when the model resistance of a wider
barge (B = 8 m to B = 6 m) is compared with the method of Latorre and
Ashcroft. The di fference will be smaller if the resistance calculated by the
model is calculated for a wider barge. Furthermore, the model of Latorre
and Ashcroft is only dependent on the length of the barge on not on the
beam. This again leads to the idea that the model of Latorre and Ashcroft
assumes fixed L/B ratios and deals with barges with a larger beam. This
comparison also confirms that the model values of the resistance are
realistic values and that they can be used for a reliable resistance
calculation.

7.2.5 Con struction

The construction of the barge will be described in this paragraph. Also the
scantlings of the barge are shown and the calculated weight of the barge is
being compared with other (existing) barges.

Design of the construction

In order to determ ine the construction weight of the barge, a design is
made. The scantlings of the construction design are determined by the rules

of the Germanische r LLoyd . If all the scantlings of all the different parts of

the construction are known, then the weight of the construction can be
calculated as the sum of the weight of all the different parts. Then it is also
possible to determine the centre of gravity in height and length of the

barge. Those values are needed to calculate the initial stability (GM) and

the t rim of the barge. Appendix C.1 shows the detailed description of the
construction design, whereas figure 7.8 gives an overall picture of the total
construction of the barge.
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Figure 7.8: T otal hull of the barge

Scantlings of the barge

The scantlings of the barge are determined by the rules of the
Germanischer lloyd Inland vessels. The scantling rules are taken from Part
B, Hull Design and Construction , Chapter 5 , Hull Scantlings. The choice has
been made to use the scantlings rules of the non -propelled cargo ships. In
appendix C.2 a more detailed description of these calculations is given.

In order to investigate if the determined scantl ings are not too small, the
stresses at the deck and the tank top are calculated. First, the still water

bending moment (SWBM) of the barge in the design condition and light -
weight condition (empty) and the wave bending moment are determined.

Based on the total moment (wave plus SWBM) and the scantlings of the

main frame of the barge, the stresses can be calculated. In appendix D the
calculation of the SWBM and the wave bending moment can be found. In

the same appendix also the calculation of the stresses can be found.

Validation construction ~ weight calculation

In order to validate whether the calculated construction weight of the barge
design model has realistic values, the model weights will be compared with

the weights of existing barges. At first the light weight of the barge is
analysed as a function of displacement. Because the shape of the barge is
different from the shapes of normal barges (smaller length and beam), it is

a better way to compare the weight as a function of displacement. The
calcul ated and known values of the construction weight are given in figure

7.9.
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Figure 7.9: C omparison between model values and known data
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Source: barge data taken from Thill et.al. 2005; model values own calculation

Figure 7.9 in dicates that the construction weights for small displacements

(until 1000 7 1250 tonne) are in same range of known data. But when the
displacement grows, the model values are too small compared with the
known data. In other words, the larger the barge beco mes, the more the

construction weight will be underestimated.

The same figure also indicates that there is a large range in the light weight

of the existing data. Therefore itis also  analysed how well the model values
of the construction weight compare with the weight estimation based on the
equipment number developed by Watson (1998). The equipment number is

an estimation parameter used to estimate the light weight of a ship. The
formula for calculating the equipment number is given here below.

E=L(B ) G85L(D T) 0.85(h) 0.78L h | (7.1)

In this formula L ., en h,;, are the length and the height of the
superstructure on the barge. Because they are not present, those values

are set at zero. The light weight of the barge can then be determined with

the followin g formula:

— 1.36
W, = K.E (7.2)
The parameter K is a constant which is dependent on the type of ship. In
the literature there is no value of K for inland ships or barges. The K -value
of container ships gives an over estimation of th e construction weight when

the value of W g is compared with the data set of barges. Therefore, a new
value of K must be determined. The new value of K is determined by fitting
Wy on the model values of the construction weight. The result is given in
figu re 7.10.

83



Chapter 7: Ship design model

Figure 7.10 : Equipment number compared to the model values
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Graph 7.10 shows that the model values are a good estimation for the light
weight. The trends of the theoretical line and the model values are the
same and the deviation between the model and the theory is small. It can
also be seen that the model values of the steel weight are smaller for larger
barge, so that this model only can be used for small barges (E < 700 m?).

The reason for this deviation, with i ncreasing barge size, can be found in
the scantlings of the barge which are determined by the rules from the
Germanischer Lloyd. In those rules the thickness of the plates and the
section modules of the stiffeners are determined by the largest value of

thr ee different formulas. As an illustration, the formulas for determining the
thickness of the bottom plating of the barge are given.

tbottom = MAX <t Dbotton? t2bottomt 3bottor>1

tywom = 1,85+0,03./k +3,6. (7.3)
t2bottom = 1’6S‘</ kQ

t — 68i Mhog_design

3bottom 'k2 Zb
The formulae in 7.3 show that the relation t 3 potom 1S @ function of the
bending moment in hogging condition (BM) of the barge (global load) . In
order to determine that value, the scantlings of the barge must be known
(weight distribution), so that ano ther iterative problem will occur (besides

solving the weight / displacement relation of the barge). If the latter

criterion (t 3 pottom ) IS lOOSened, the software can solve all the relations that

are programmed. However, the latter criterion becomes of gre at importance
if the length of the barge (and the size) is increased. Therefore, the BM will

become the most dominating factor in determining the scantlings. If the

length of the barge is limited (small barges), then the latter criterion is not

the most im portant one and the other two relations are sufficient (local
load) . Because the model gives good results for construction weight of small

barges, it can be concluded that this model is suitable for the design of the
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small barges. For the larger barges the results are not good and a manual
adjustment has to be made. The model makes it possible to calculate the
value of the third relation and a manual check is necessary if that value is

sma ller than the other two values.

7.2.6 Propulsion

If the barge must  be able to sail independently, thrusters are added to the
barge. There is a choice to install O, 2 or 4 thrusters in the aft ship. These
thrusters will be placed in the x -direction of the ship. Another thruster will
be placed in bow of the ship. This bow t hruster, along with the thrusters in
the aft ship, will enable the barge to turn and manoeuvre. Figure 7.11
shows the thrusters in the aft ship of the barge.

Figure 7.11: Location of the thrusters in the aft ship (4 thrusters

The thrusters are locate d in the double bottom of the barge (yellow
cylinders) so that the thrusters do not stick out under the bottom of the

barge. It is important to avoid this problem, especially when the barge is

sailing in shallow water. The big advantage of installing thrus ters is that
these are capable of delivering thrust in two directions. That can be useful if

the barge has to sail on a small narrow canal where the barge cannot be

turned. In that case the barge could sail in reverse to a location where it

can turn. For t his, a steering installation must be placed on the aft ship, so

that the captain can manoeuvre the barge from that position

The thrusters that are used will be hydraulic thrusters that are being driven
by a hydraulic pump powered by an electric engine. Su ch a system is more
suitable for intensive use and long runs then electric thrusters.

The selection of the specific thrusters and the allocation of those thrusters
on the barge will be further described in appendix E.
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7.2.7 Power generation

The electr ic engines can be powered by one or two small generator set
installed in the aft part of the barge. If the required power will be delivered

by the gen sets, the aft ship of the barge has to be adjusted so that the gen

sets can fit inside the hull. The inst alled gen sets are not greater than 400

kW per gen set and the number of installed gen sets (one or two) can be

chosen in the model. The data of the gen set(s) will be taken from product
information of a gen set manufacturer 18 The fuel tank will be placed in the
double bottom of the barge and that tank will be large enough to sail on the

selected waterway(s) ten times back and forwards. Figure 7.12 shows the

gen set propulsion of the barge. For this option two gen sets are installed.

Fig

ure 7.12: Gen set propulsion in the barge

The electric engines can also be powered by the batteries that are installed

in the double bottom of the barge. They are centred in the mid ship of the
barge around the centre of gravity in length.

In appendix F.1 the design ch oices and necessary calculations for the
battery propelled barge are given.

The result of the design choices and calculations regarding the allocation of
the batteries is given in figure 7.13, where the batteries are the light blue
blocks. The design bel ow is a design where the barge will sail at a speed of
6 km/h and has to travel a distance of 45 km. There are also 4 thrusters in

the aft.

18 \www.wartsila.com
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Figure 7.13: A llocation of the batteries in the barge

The design model has also room for a hybrid option, i.e. a combination of
the previous two propulsion options. A gen set will be installed to power the

barge for sailing at the required nominal cruising speed. The batteries are

used to power the barge when top power is needed to, e.g. when passing a

lock or in o rder to overcome strong currents. The gen set installed in the

barge will also be used to recharge the batteries installed in the barge.

Figure 7.14 shows the hybrid propulsion lay -out.

Figure 7.14: Hybrid

propulsion lay out with batteries and fuel tank

The bow thruster is placed outside the double bottom structure and in the
bow section of the barge. That has been done because the thruster must
not stick out under the barge, which suggests the best choice of the
location. The location of the bow thr uster is given in figure 7.15.
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Figure 7.15: L ocation of the bow thruster

On top of the fore ship of the barge, the wheel house will be placed, from

where the captain can sail his barge when it has to sail independently. The
dimensions of the wheel hou  se are taken from a comparable ship, i.e. the
NeoKemp (Schip en werf de zee, 2000). If it has been preferred not to salil
independently, the wheel house will not be placed on the barge. Figure 7.16

shows the total design of the barge when it has to sail ind ependently on her
batteries.

Figure 7.16: Top view of the barge (L= 50 meters, B = 6.8 meters, T = 1.91
meters

7.2.8 Stability

The last design calculations that need to be made are the stability
calculations. The initial stability of the barge will be determined by its GM -
value. In Appendix G the stability calculations of the barge can be found.
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In the rules of the shipping inspection it is pre -described that the value of
GM must be larger than 50 cm if the containers are lashed. If the containers
are not lashed, the GM must have a value of 100 cm.

For every design that has been made a stability check will be made to see if

the barge is stable. If the calculations show that the barge is not stable
enough, the design will be rejected and the design (or payload) has to be
changed.

For the transportation of bulk cargo no stability criteria are given, but if the

barge is stable enough to transport containers, no problems are expected

with respect to transporting bulk cargo. The centre of gravity of th e payload
will be much lower than the VcG of containers, while the barge is still the

same. Therefore KM will be equal as in the situation when containers are
transported (if the draft is the same), so that the GM value will be larger

and the barge will ha  ve a higher initial stability.

7.2. 9 New building price of the barge

In order to determine the transportation costs of the small barge system

(see chapter 8), it is necessary to know the newbuilding price of the used
barges. The newbuilding price, negotia ted between the shipping company
and the shipyard, will be a cost for the small barge system.

In order to determine the newbuilding price, first the newbuilding cost for
the shipyard will be calculated. To calculate the newbuilding costs of the
barge, fi rst the two main outflows of money, which are the costs of the
shipyard, will be determined. These two major cost components are:

- Materials; defined as steel and equipment (engines, propellers, etc.)
- Personnel; defined as man  -hours and engineering hours

The inflow of money will be the newbuilding price of the ship. The difference

in newbuilding price and the newbuilding costs will be the profit margin of
the shipyard. This profit margin will be fixed for the shipyard.

There is also a physical output o f the shipyard. This will be the barge itself.
In figure 7.17 an overview is given of the different money flows from and to

the shipyard. The calculation of the newbuilding costs of the barge within
the barge design model will be further explained in thi s paragraph.
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Figure 7.17: O verview of the cash flows of a shipyard
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Source: own composition based on figure 3.7

The cost of the hull of the barge will be calculated on a basis of the total

steel weight of the barge. In order to perform this calculation , a few
assumptions have to be made. The first assumption is that the total amount

of man hours needed to build one tonne of barge is equal to 25. A typical

value of man hours is value between 20 and 30. The second assumption is

that 85% of work on the bar ge is steelwork (building of the construction).

The other 15% are costs made for painting, welding material and finishing

the barge. The total costs to build the hull barge can be calculated with the

following formula:

Costaarge_construction = LW ( 25'Cost‘nan_hour + COSt§teel )11I (7'4 )
Cost parge_construcion = COSts to  build the hull of the barge [EUR]

LW = light weight of the barge [tonne]

Cost man_nour = Overhead costs per person per hour [EUR/h/person]
Cost ) = costs of one tonne of steel [EUR/tonne]

These costs are an estimation and are based on typical values for man
hours and steel work costs. These costs are verified with a ship yard. It is
essential to know that this is only an estimation of the costs and not a

detailed calculation. The costs per man hour are 40 EUR/h, which is
determined by the wages of the steelworkers (3300 EUR per month, before
tax) plus 40% as employersd costs. Al so

engineering costs and 10 EUR/H to incorporate the fixed costs of the used

equipment, docks,cr anes(40 a4 3300 *12/52*1/40. * 1.

The costs for one tonne of steel (6 to 8 mm tick) are 1100 8 EUR (average
2009 value). In figure 7.18 an overview is given of the steel prices from
2004 to 2010.

17 CAO klein metal 2009 (maximum working experience by 40 hours per week)
18 http://www.staalprijzen.nlffiles/1_Bruto_%20prijslijst_platen.pdf (2010)
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Figure 7.18: O verview steel prices (plate stee )]
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The figure indicates that the steel prices are volatile and that there was a

large drop in the price due to the economic crisis in 2008. As stated in
chapter 5, the base year for a Il the costs calculations is the year 2009. In
order to determine the steel costs for the year 2009, the average value is

used. However, when taking the steel price of 2009 the newbuilding costs

will be underestimated, which will have large impact on the t ransportation
costs (see chapter 8). The newbuilding costs of the barge will affect the
transportation costs of the small barge system through its entire
and therefore the most actual price should be used. But in order to stay
consistent in the ¢ ost calculations, the year 2009 will be used as base year.

life span

The costs to install the electric engines, thrusters and batteries are given

here below. The installation time of installing a battery is estimated at 1

man -hour per battery. In this time the batt eries are placed and connected
to the electrical system. The costs of the batteries itself come from the
product info of the battery manufacturer and are given in appendix F.2

(2009 value).

COSt—BatJI-)tal = I\Aatt ' (CO%Ltt + Col§;n_hour (7-5)
Cost_ batt 5 = costs of all the batteries [EUR]
Cost, = costs of single battery [EUR]
Cost gatt instaliation = COSts of installing the batteries [EUR]

Neat = number of batteries

[-]

The costs to buy and install the gen set are given in relation 7.28. The costs

to install the gen sets are estimated at 100 man -hours per installed gen
set. The costs per kW engine are equal to 330 EUR (Wartsila data 2005).
Because no new or better information regarding the prices of generator sets

are available, this cost is scaled w ith the inflation figures given in section
5.3. The value of the following relation will therefore be in 2009 values.
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Costey sers= (330.Pb_installegl;. .index+ 100.CQgt 1o, A)-engi (7.6)

Costgen_sets = costs for the installed gen sets [EUR]
Agngines = NUMber installed gen sets [-]
Pb_installed cngine = installed power per gen set [kW]

Index = inflation index 2005 A 2009 =115.4/106.5 (see 5.3) [-]

The time to install the thrusters is estimated at 25 man hours per thruster

and the price of the thrusters is given in appendix G (2 009 values).

COStrhruster = NT ' (25 ' C:O§Ian_hour + C0$t (7'7)
Cost rhusiers = total costs thrusters [EUR]

N; = number of thrusters [-]

Costt = costs of a single thrusters [EUR]

The same relation as in 7.14 is used for the calculation of the costs of the

electric engines. The prices of the electric engines are estimated at 100 EUR
per kW power that is needed (Wartsila data 2005).

COStEMotor = l\'EM - (25 ) CO%ILn_hour + 100 ‘Emotor 'inde: (78)
Costemotor = COSts to buy and install the electric engines [EUR]

Nem = number of elec  tric engines [-]

Pemoter = power electric engine [KW]

Index = inflation index 2005 A 2009 =115.4/106.5 (see 5.3) [-]

The cost of the control s  ystem needed is estimated at 10, 000 EUR (2009
value). This control system is used to control and mano euvre the barge
when it has to sail in and out of the locks. If the choice has been made that

the barge has to sail independently, these costs are set at 0 EUR because in

that case the barge will be controlled by the captain.

The cost of the hydraulic cou pling system is estimated at 9, 000 EUR. These
costs are given by a manufacturer of those systems and are an estimation
of two 40 tonnes coupling systems (2009 values).

The wheel house price is determined at 40, 000 EUR (2007 value). This

figure is given by  ALUBOUW de Mooy (manufacturer). This is only the price

of an fAemptyo wheel house exclusive of equi pm
equipment is incorporated, the cost of the wheelhouse is doubled. To

transform the 2007 values to 2009 values, again the inflation correction will

be applied. So the total cost of the wheelhouse is 082,900 (2009 value). If

it has been preferred to sail independently, the wheelhouse will not be

placed and the costs are set at zero.

The total costs of the barge can now be determined as the sum of all the
different components. On top of that an extra m argin of 7% is added to
incorporate the profit margin of the ship yard.

Cos‘iotal = (Co%onstruction + COStI'M + CO%IIinches + Co%eelhouserge
+ Co%usters + CO§$& + CQ?%L_setCGSt Contro)l 1.0 (7-9)

For deep sea shipbuilding also the costs related to the financing costs of the
ship are to be taken into account (Hopman, Nienhuis, 2009). For these
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small inland barges these costs are neglected. The barges are much smaller
and so is also their newbuilding price, so that little pre financing is needed.

It is very difficult to determine the profit margin of ships and it is even
harder to determine th e newbuidling price. The shipbuilding market is a
very volatile one, where prices fluctuate very much. In chapter 14 of this
thesis the impact of a variation of the newbuilding price will be researched

via a scenario analysis.

In the formula 7.9 the diff erent parts are the costs of those parts inclusive
of installation (man hours) and purchase price (steel costs, costs of the
thrusters, ex.). Therefore Cost em IS the cost of the installation and purchase
price of the electric engines.

Table 7.3: C alculate d barge new -building costs of different barges

Displacement L B T LW Payload Costs
[m3] [m] [m] [m] [tonne]| [tonne] [EUR]
333.31 3059 | 6.8 1.72 48.56 | 284.59 a 130.
418.33 36.8 6.8 1.77 62.69 | 355.74 UG 166.
500.34 4296 | 6.8 1.80 73.64 | 426.89 a 5.m27
585.62 49.13 | 6.8 1.83 87.78 | 498.03 ua 231.
667.89 55.27 | 6.8 1.85 98.90 | 569.18 U 260.
398.54 3052 | 83 1.69 54.16 | 344.26 a 144.
500.23 36.73 | 8.3 1.74 70.13 | 430.33 G 186.
598.40 42.89 | 8.3 1.77 82.23 | 516.39 a 217.
699.80 49.05 | 8.3 1.08 97.57 | 602.46 U 256.
798.43 55.19 | 8.3 1.81 110.13| 688.52 a4 289.

Note: 2009 values

The results of the costs calculations are given in the table 7.3. The costs in
the table are the costs of the empty barge without equipment (without

thrust ers, batteries electric engines and wheelhouse). In fact, in order to
compare the calculated values with known newbuilding prices of barges, the
extra equipment must be left outside the calculation.

In figure 7.19 the new building costs are shown as a fun ction of the light

weight of the barges. The costs per tonne barge are determined at 2,642
EUR.
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Figure 7.19: Costs per tonne barge without equipment (thrusters, batteries, electric
engines and wheelhouse)
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Note: 2009 values

For their calculation of new building prices of barges, Promotie Binnenvaart
Vlaanderen *® ( PBV) ulB8@sper tonne. It has to be noticed that this
figure dates from 2003 -2004. Because the price of the barge very much
depends on the steel price and the costs of employment, the new bu ilding
price will be corrected. The steel price has increased very much from 2003

to 2009. The index from 2003 to 2006 (2006 has the same value as the

2010 values of figure 7.20) is equal to 1.55 (UK steel, 2008). The correction

factor is now determined wi th the help of formula 7.26. In that formula the
newbuilding costs are determined for 55% by the steel costs and for 45%

by the costs for man -hours (01200 st e elDO0 mand-hours), so that
the correction factor is equal to (0.55*1.55 + 0.45*1.13).1.15 = 1.60.
Therefore, the price per tonne barge, for the 2009 values is now 2,035 EUR

per tonne.

The calculated value is larger than the corrected values of PBV. This is most
likely due to the incorporation of the costs of engineering and the costs

capital. Therefore the rule of thumb used by the PBV is underestimating the

costs of the barge by not including these costs items. They only use the

costs of bu ilding the barge without considering the total costs made by the
shipyard. In this research these costs will not be neglected, so that the
calculated values will be used for the determination of the new building

costs of the barge.

The total new -building costs are given in figure 7.20. These costs are also

inclusive of the costs of the electric engines, thrusters, batteries and wheel

house. These costs have a higher start value then the new - building costs of

the fAemptyo barge. Thi s Imosy b46,000 BUR&aandtis v al ue
due to the investment costs of the equipment. The price per tonne barge

also increases by 60 EUR per tonne more than the empty barge. The

calculated values that are given here below are calculated for a barge that

can sail at a spe ed of 6 km/h and can cover 2 times 35 km. If the barge has

1% promotie Binnenvaart Vlaanderen is an independent non -profit association  for promot ing
the use of the inland waterways in Fl anders (www.binnenvaart.be).
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to sail longer distances, the costs will increase due to the fact that more
batteries are needed.

Figure 7.20: T otal new -building costs per tonne lightweight
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Note: 2009 values

7.2.10 Sensitivit yanalysisof the barge design model

To gain insight into different hull forms of the barge, several shape
parameters will be varied, in order to find out what the most efficient barge
shape is in terms of resistance. Besides the shape parameters, other
parameters are varied in order to gain insight into which parameter has the
biggest influence on the costs of the barge. Those parameters are the speed
and the range of the barge and the type of propulsion system installed on
the barge.

In order to make th e calculations, some input parameters have been
initially assumed. In table 7.4 an overview is given of those input
parameters.

Table 7.4: O verview of predetermined design parameters

Input parameter Value
Lcarqo hold 7 TEU
B 6.8m

Loading capacity barge 28 TEU or 550 tonne
Independent sailing barge | Yes

In all the upcoming calculations the water depth of the small waterway is
set at 2.3 meters. This water depth will influence the shallow water
resistance of the barges on the small inland waterways.

The first parameter that is analysed is the angle between the bottom and

the bow of tpe Hairegé n(f U ondhe resistance is dalculated

and is shown in figure 7.21. I'n t hi=slO figure t
degrees is set as the 100% value. Wh e n, idlmall, the resistance is low in

comparison with the oth er v a | u ¢ Fhisdsfbec&lse the length of the

fore ship is re(lsaetee dappenntdniex UA) . is,The arges mal | er U
the barge will be, so that the draft will be reduced, which has an important
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effect on the resistance, especially when the spe ed is high (high Froude

number s) . This effect is increased byist he shal
increased, the barge will be shorter, and the draft and hence the resistance

wi | | i ncrease. Figure 7.21 indicates that at hi
is | arger than at | ower speeds affecdsaheméine ef fect

di mensions of the barge and, isdisederimmnedéy t he choi c
the maximum length of the barge (limited by the lock dimensions) and the

minimum length of the fore ship (enough space for the wheel house on the

barge) . I n practice, ,ihdas anwedua besveeh B0aand 30 he U

degrees. Therefore, a value of 25 degrees is advised because that will lead

to the lowest resistance at the highest speeds.

Figure7.21: Infl uence of U(l) on the resistance

influence of alpha(l)
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The second parameter that will be analysed i s t he a4 Mhelinduende
on the resistance of the barge will be analysed by v ar yi.Tihe vatihtion
o f « &t different speeds can be found in figure 7.22, where the resistance

at g & one is given as 100% and all the other angles are given as a
percentage change of that value.

From figure 7.22 it can be concluded that at low speeds of 1 to 2 m/s the

| argest v a4 giees thef lowebt resistance. When the sp eed is
increasing, the influence of the angle on the resistance becomes less. The
reason for that is in the shape goflresubhie bar ge. A

a smaller transom area. Therefore the viscous pressure resistance is less.

The viscous press ure resistance is hardly influencing the total resistance at

higher speeds, where the dominant resistance component is the wave -
making resistanc egislimted to 86 degeeeso If thatlvalue is
higher, the transom area will be smaller than zero and no results are
obtained (see also appendix A: barge geometry). The transom area is

det er mi neg and the l&hgth of the aft ship of the barge (L ¢« = 4
meters). The best ischem R5cdegreéso If a dénerator is
installed, set in the aft of t he bar g eannotbéa cehmsenl]ieely, but it
must be altered in order to create enough space to allocate the generator

set g €10°.
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Figure 7.22:1 n f | u e n cgyeon thd resistance

influence of alpha(st)
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In figure 7.23 the influence of the width of the transom area will be
investigated. I n these cadrmcdyg dgetsét at 5. Theh e
width of the barge is set at 6.8 meters. The resistance of the barge when
the transom width is half the width of the barge is set at 100%.
Figure 7.23: 1 nfluence w idth transom area (h = 2.3 meters)
influence of Btr
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Figure 7.23 shows that the resistance will increase if the width of the
transom area is increased. This is also due to the increase of transom area
of the barge. The influence is decreasing when the speed of the barge is
increasing, but the reduction is smaller than in figure 7.21, where the value
of Uy was varied. It is therefore advised that the width of the transom area
will be reduced as much as possible. A limiting factor is that the barges
have to be coupled, for which a minimum pushing area is needed. The
minimum width of the barge is set at O. 5 of the total width of the barge.

This will be used in the design because it leads to the lowest resistance of
the barge when it is sailing independently.

In table 7.4 the width of the barge was initially set at 6.8 meters (maximum
allowable width of th e barge). But also the influence of the width of the
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barge on the resistance is calculated and can be seen in the figure here
below. The resistance curve is calculated for 5 different widths of the barge.

Figure 7.24: 1 nfluence of the width on the resista nce (h = 2.3 meters)
influence width
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Figure 7.24 shows that the resistance will increase if the width is increased
with a speed lower than 3 m/s (=11 km/h). When the speed is increased,
then the widest barge has the lowest resistance. This is because an
increasing part of the total resistance is determined by the wave making
resistance. That resistance component is dominated by the Froude width

V.
number ( Fn, = \/S_B) when the speed is high. It can be seen in appendix

g
B.2 (formula B.2.4 to B.2.4.6) that the Ry is decreasing if B is increasing
and all the other components are kept constant ( R, ~ C.B%*). Therefore

it could be concluded that at low speeds (<3 m/s) the barge should be

made as small as possible (keeping in mind stability and the number of
containers that need to be placed inside the cargo hold) and at high speeds

the barge should be made wider. But it has to keep in mind that the used
resistance method of Holtrop et.al (1990) is based on a regression analysis.
The factors in the f ormulas are thus determined to fit the model test data,

so that the effect of the width on the resistance could also be due to the
regression effect of the developed relations.

The same calculation as above has been made for a deeper waterway. In
this cas e the water depth is set at 6 meters and if the two graphs are
compared, the influence of the water depth on the resistance can be seen.

Graph 7.25 shows that the resistance is decreasing when the width is

increased. Only the resistance is reduced less tha n when the water depth is
2.3 meters. The shallow water effect is not present in figure 7.25, while
there is a shallow water effect in graph 7.24. The effect of the wave -making

resistance is increased when the water depth is reduced and therefore the
influ ence of the width of the barge is magnified when the water depth is
reduced.
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Figure 7.25: 1 nfluence of the width on the resistance (h = 6.0 meters)
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Also the stability of the barge is influenced by changing the width of the

barge. In order to underst and this influence better, the width of the barge

is changed. That influence is given in the figure 7.26. The calculations have

been made for a barge that can sail independently and has a length of 50

meters (7 TEU in length). In the cargo hold 2 container s are placed aside.
When the barge is wider than 7.5 meters, then the barge can store 3
containers wide. The containers are stacked two high in the cargo hold.

Figure 7.26: 1 nfluence of the width on the stability of the barge (independent
sailing)
influence of width on stability
2
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—®—GM-Barge = GM-criterion lashed containers =~ —#*— GM-barge empty
Figure 7.26 indicates that the GM -value is lower than 0 when the width is

smaller than 5.8 meters. For barges wider than 6.7 meters, the GM value is

larger than 0.5 meters and therefore the stability will be OK if the
containers are | ashed. If the containers are not lashed, the width of the
barge must be increased to 7.5 meters to obtain a GM -value of 1 meter.
Therefore the minimum width of the barges is 6.7 meters if containers are
transported (see appendix A: barge geometry).

Inthe same figure the calculations are made for
whiteout propulsions equipment). The results for the two calculations hardly

99

fa})



Chapter 7: Ship design model

differ if one only looks at the stability. The weight of the batteries and

thrusters in the double bottom will |

ower the KG of the barge but that is

being compensated by the increase in KG of the wheelhouse, which is
placed on the deck of the barge. So the barge without the propulsion is just
as stable as the barge with propulsion.

Now that

determined earlier

the

recommended values o

f the shape parameters are
determined, the influence of speed and sailing distance on the newbuilding

costs will be determined. In table 7.5 an overview is given of the values of

the input parameters needed to make the calculations. The first parameters

are the same as in table 7.4, with the addition of the parameters

in the sensitivity analysis plus the

initial

values

parameters that will be varied in this section of the sensitivity analysis.

Table 7.5: O verview of the input parameters

Loading capacity

Input parameter Value
Lcarqo hold 7TEU
Lbarqe 50 m

Bbarqe 6.8 m

28 TEU or 550 tonne

Independent sailing barge | Yes

U 25°

Uy 25°
Design speed 7 km/h
Ninrusters 4

Max power installed Yes
Propulsion system Batteries
Sailing range 45 km

The input data shown in table 7.5 are the input data to design a barge that
is capable of sailing on routes 1, 2 and 3 that were already predetermined
in chapter 6 (see figure 6.5).

In figure 7.27 the influence of a variation of the require
2 km/h to 14 km/h on the newbuilding cost is shown.

This figure
val ue

indicates there that the

of

G800. 000 at

d sailing speed from

costs are increasing to a maximum

a speed

of 13 km/ h.

the thrusters are not able to deliver more power to sail faster. Another
observation is that at lower speeds the newbuilding costs do not change
muc h. The power required is low and therefore not many batteries are
needed. The thrusters are also the same and do not need to change.
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Figure 7.27: 1 nfluence of the speed on new building costs (4 thrusters)
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The influence of the number o f thrusters will be analysed by making the
same calculations as above, but now there are two thrusters installed
instead of 4. This analysis is given in figure 7.28.

Figure 7.28: 1 nfluence of the speed on new building costs (2 thrusters)
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Figure 7.28 indicates that the maximum costs (and maximum speed) are
now obtained at a speed of 11 km/h. The costs are lower if they are
compared with the costs if there are 4 thrusters installed. If a speed higher
than 11 km/h is required, at least, 4 thrusters are needed.

It is also possible not to install the power needed to sail at a certain speed,
but to install the maximum power available. This may be because more
power could be required for special manoeuvres of the barge such as sailing
in and out of a lock. On certain locks a large current can occur and a lot of
power is needed. The influence of installing maximum power on the barge is
given in table 7.6.
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Table 7.6: | nfluence of max power
Max power No max power
Price U 448, 8/u 410, 51
Power E-engine | 169.20 kW 32.40 kW

Note: 2009 values

In the table also the effective power that the barge can deliver is given.
Because the distance that the barge has to sail is kept the same, the only
difference is obtained by the size of the thrusters a nd number of batteries
needed.

The new -building costs of the barge when one or two gen sets are installed

will also be compared with the new -building costs of the barge when it is
equipped with batteries and with the hybrid version as a function of the

re quired sailed distance. This comparison is given in figure 7.29. The reason

to incorporate the distance in the analysis is that by increasing the sailed
distance more energy is required and, in case of a battery propelled barge,

more batteries are needed, or, in case of gen -set propelled barge, more fuel
is needed.

Figure 7.29: C omparison of newbuilding  -costs battery, gen set and hybrid barge
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Figure 7.29 shows that, when the barge has to cover more than 100 km
(100 km one -way and 100 k m back = 200 km in total), a double gen set
propelled barge is as expensive as a battery propelled barge. If the barge is
equipped with a single gen set, that option is the less expensive one, when

it is compared with the battery -propelled barge, if the sa iled distance is
larger than 20 km. If the required sailed distance is increased more
batteries are needed and therefore the new - building costs are increased for
the battery propelled barge. The hybrid -propelled barge is as expensive as

a single gen set pr opelled barge. The reduction in costs for a smaller gen
set is completely covered by the costs of the batteries that are installed. It

can also be seen that the new -building costs of the hybrid, the single gen
set and the battery -propelled barge are almost equal when the required
range is between the 35 and 40 km.

The last parameter that will be research ed is the influence of the steel price
on the new -building costs of the barge. In figure 7.30 the results are given.
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Figure 7.30: 1 nfluence of the steel p  rice on the new -building costs
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In this case, the barge is capable to sail on independently on routes one,

two and three. Figure 7.30 indicates that if the steel price doubles the price

for the barge increases with 17%. Therefore, it ca n be concluded that the
new - building price of the barge is dependent on the steel price. This
dependency becomes larger when the barge does not have to sail
independently. The reason for that is that the price of the independent
sailing barge is being dete rmined for half by the costs of the batteries,
electric engines, wheelhouse, etc. Therefore, the influence of the steel price
becomes less.

7.3 Barge trains

7.3 .1 Introduction

In this part of chapter 7 the barge trains of the small barge convoy system

are further analysed . First, an overview will be given of how the barges will
be coupled. When the selection has been made how the barges should be
coupled the total resistance of the barge trains will be determined. Finally,

the calculated total resistance o f the barge train will be compared with the
resistance model of Howe ( van Terwisga , 1989).

7.3 .2 Position in the design model

In this paragraph the position of the barge train model in the total design
model is given. The position is given in figure 7.31
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Figure 7.31: P osition of the barge train model in the total design model
Total design model

Barge design model

A 4

Barge train model

I AN

Tug design model

Figure 7.31 shows that the barge train calculations will be base d on the
design of the barges.

7.3.3 Coupling of barges

To couple the barges to on e single unit to be pushed on the large
waterways by the tug several known system could be used.

The first option of coupling the barges into a single unit can be done with

the hydraulic coupling arms that are developed by TNO (fig 7.32). These
arms can couple the barges very quickly without the need of labour. These
arms can also be placed side ways to couple the barges that are placed
aside.

The downside of this system is that if there is a large difference in draft
between barges then such a system ca nnot work. That problem can be
solved if the arms are not placed at the deck of the barge but at the side.

The disadvantage is that the beam of the barge will increase so that the
clearance between the barge and the side of the lock doors is very small. It

is also not possible to couple 2 barges a side if those arms are placed at the

side of the barge.
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Source: TNO

The second option is to use a hinged coupling system. An example of such a

system is given in figure 7.3 3 where a hinged coupling system is given. This

system can be used if two barges are placed in line where the barges can

move a little bit for each other to navigate through narrow bents. If a

formation of 4 barges must be puslkesdd.t hen such

Figure 7. 33: H inged system between barges
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Source: Thill C. et. al. , 2005

Anot her way of coupling the barge can be done &
winches, which is given in figure 7.34. The advantage of the normal

hydraulic winches is that th ere is a large flexibility in how the barges can be

coupled. If there are differences in the draft of the barges then the barges

can still be coupled. The disadvantage is that such a system requires a lot

of manual (mussel) power to couple the barges and t hat it requires a lot of

time (0.5 hours per barge (see chapter 6.2.5)) to couple the barges.
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Figure 7. 34: Normal hydraulic coupling winches.

Besides existing coupling systems also a new system has been developed.

The main reason to develop a new sys tem is to decrease the coupling time.
The system will be built up from connection rods which will connect the two

units via coupling blocks. In the bow of the tug the system will be placed. In

aft of the barge, in the push rods, the connection is made. The advantage
of this system is that it can be used with different drafts of the tug and

barges. In figure 7.35 the system is shown in the bow of the tug and in the

aft of the barge.

Figure 7.35 : N ew coupling system longitudinal connection

The sys tem is aligned in such a way that if one barge is pushed the tug and

barge will have a double connection and if two barges aside have to be
pushed the one connection per barge is made. The same system is applied

in the side of the barges to couple the barg es sideways. There are four
connection points installed over the total length of the barge. The coupling

block and the connection rods are installed in an asymmetrical way. In

figure 7.36 the sideway connection points are indicated with arrows.
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Figure 7. 36: N ew coupling system (sideway connection)

If there is only one barge in the convoy or the barges are coupled with the
longitudinal connection, the n the sideways coupling system will not be
installed. In Appendix H (coupling system) the developed coupling system
will be further explained.

The choice has been made, for now, to couple the barges with the normal
hydraulic winches because of the flexibility and that such a system has

proven in practice that it works. If a reduction in coupling time wi Il lead to
significant reduction the transportation cost (see chapter 8.3) then the new

coupling system will be chosen. If the influence of the coupling time is

limited then the simplest (cheapest) system will be chosen.

7.3 .4 Barge train coefficient

When the barges are coupled they will form, together with the tug, a single

unit. If the barges are coupled then the resistance of that new unit must be
determined. The resistance of a barge train is lower than the resistance of

the sum of all the single bar ges. The total resistance can be determined by
the resistance of the single barges and the so called barge train coefficient.

This barge train coefficient is given in formula 7.10 which is taken from Thill
et. al.( 2005 ).
Rtotal
BTC =—a <] (7.10)
a Rbarge
n
BTC = barge train coefficient [-]
Rita = total resistance of the barge train formed of n barges [kN]
Ruarge = resistance of a single barge [kN]

n = number of barges in the barge train [-]

The reason for this effect is that if the barges are placed aside the wetted
surface is reduced and therefore the frictional resistance. If the barges are

coupled in length then there will be only one bow wave instead of two. If a

2x2 formation is applied both effects will happen. In order to determine the
resistance of a barge train the following procedure had been followed. The
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barge design model has been used to determine the resistance of a barge

with a length of 52 meters and width of 6 meters. Then the resistance of a

barge with the same  length but with the double width (12 meters) has been
calculated. The barge with the double width has been adjusted so that the

draft is the same and the displacement is doubled if it is being compared to

the single barge. Therefore from those two values t he barge train coefficient
for several speeds can be calculated.

The same has been done for the same width and doubled length. Also in

this case the total resistance of the doubled barge is lower than the sum of

the two single barges. The results of the b arge train coefficient calculation

for this case (two barges in length) have been adjusted because there is a

difference between the doubled barge and the two single barges. The two

single barges dondét align perfectly iship | ength ¢
of the barge. The used connection is given in figure 7.37 along with two

other coupling methods.

The stump connection is the best option if the barges have to be coupled.

The total resistance can be reduced with 10% ( Thill C. et. al. 2005) if such
a coupling is used instead of the normal connection. Therefore the barge

train coefficient in length (BTC) has been increased with 10% to incorporate

the effect of not aligning as in the stump connection. But there is difference

between the normal push conv oys and the convoy that is used in this
model. The barges can sail independently so that the resistance of the

barges in single mode is also important. The sharper the aft ship of the

barge (reduced transom area) the lower the resistance of the single barg e
is (see section 7.1: barge model) but the worse the connection is between

the barges and therefore the higher the resistance is of the convoy.

Figure 7.37: Used and two other coupling methods

Used corrnection

*Mormol® connection

“Stump® connection

Source: based on Thill C. et.al. 2005
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The sharper aft and  fore ships of the barge will also lead to a longer barge

and also to a | ower draft of the ship (with th
barges will lead to a better BTC but those barges are shorter and therefore
the draft is larger so that the single resistanc e of those barges will be

greater (due to shallow water resistance). The connection of the barges that
are designed to sail independently and the connection between two normal
barges is given in figures 7.38 to 7.40 along with the main dimensions and
the r esistance of the barges at 5 km/h.

push bars

Figure 7.38: C onnection between two independent sailing barges with

Figure 7.39: C onnection between two independent sailing barges with push bars
(3D)
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Figure 740:Connecti on between t wo

Table 7 .7 Main dimensions and resistance of the two barges

AShar pgdiSt umpo

L [m] 51.9 48.35
B [m] 7.3 7.3

T [m] 1.89 1.96
Displ | [m"3] 645.59 641.97
Cb [] 0.9 0.93
Rt [KN] 2.73 3.97

From table 7.7 can be concluded that the shar p barge has a lower

resistance then the stump barges. The resistance of a single stump barge is

much | arger then resistance of the sharp

made up by the better BTC of the stump barges.

The BTC for the situation that there are 3 barges in line is also determined.
It shows that the BTC is lower than the BTC of 2 barges in line. Because
there are now two connections between the barges the calculated BTC will

be adjusted with another extra 10% correction.

The BTC for the situ  ation of 2 barges in line and 2 barges aside is calculated

as the product of the BTC of 2 barges in line times the BTC of 2 barges a

side. The same procedure has been followed to calculate the BTC for the

3x2 formation where the BTC of the 3x1 formation is multiplied with the 2
wide formation. The results of the BTC calculations are given in the figure

7.41 for a barge with a width of 6 meters.
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Figure 7.41: B arge train coefficient barge width of 6 meters
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Figure 7.41 shows that the BTC of the 2 -long for mation is hardly dependent

of the speed. That BTC stays almost the same for every speed, while the
BTC of the formations with 2 barges a side is very much influenced by the
speed. The higher the speed the lower the BTC will be and the larger the
convoy the smaller the BTC. The BTC is dependent of the width of the
convoy and therefore also on the width of the barge. Therefore the BTCs
are determined for different widths of the barge. In figures 7.42 and 7.43

the BTC for barges width 7 and 8 meters width are given.

Figure 7.42: B arge train coefficient barge width of 7 meters
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Figure 7.43: B arge train coefficient barge width of 8 meters
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Figures 7.41 to 7.43 indicate that the reduction of the BTC is less if the

width of the barges is increased. This is caused by the influence of the
width of the barge on the resistance. The barge with a width of 8 meters

will be less dependent on the wave -making resistance than a 6 meter - wide
barge (see part of resistance model barge). The BTC is thus a result of the

chosen resistance model of the barge. In Thill et. al. (2005) typical values
of the BTC are estimated between 0.65 and 0.85, where the lower values

occur for the slender forms of the barge train. If the speed is lower than 10

km/h, then the calculated values are in the same range. If the speed is
higher, the BTC are lower than the typical values, due to the used
resistance model of the barges (see Appendix B.2). Section 7.2.9 already
demonstrated that by making the barges wider, the resistance drops at high

speeds. This effect is amplified when the width of the barge is doubled.

The BTC will now be determined by the following formulas, which are the
trend lines of the lines in figures 7.41 to 7.43. If a barge is 6.5 meters wide

(or smaller), the lines fora b arge of 6 meters will be used. If the barges are
6.5 to 7.5 meters wide, the BTC of 7 meters is used; for wider barges the
BTC of barges of 8 meters will be used. The derived formulae for
determining the barge train coefficients are given in appendix J.

7.3.5 Resistance ofthe barge train

The total resistance of the barge train will now be calculated and they will

be compared with the resistance of a barge train calculated with the
method of Howe ( van Terwisga , 1989). In these calculations the resistance
of the push ships needs to be taken into account. The size of the barge train

is relatively small so that the influence of the tug is rather high. The main
dimensions of the push ships are estimated at L = 13 meter, B= 6 meter

and T = 1.3 meter. These valu es are typical values for push ships pushing 4
to 6 barges. The total resistance is given in the figures 7.44 and 7.45,
where the calculations are made for formations of 4 and 6 barges with a
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barge width of 7 meters. In the appendix | a comparison is made

case of 6 and 8

-meter wide barges.

Figure 7.44: Comparison resistance between
barge s of 7 meters wide

barge train
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Figure 7.45: Comparison resistance between barge train model and Howe for
barges of 7 meters wide
Resistance of the model VS Howe (3x2 formation)
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Figures 7 .44 and 7.45 show a large similarity between the model values

and the method of Howe for speeds smaller than 15 km/h. Only if the speed
is larger than 15 km/h, the model values are much larger than the values of
Howe. The reason for that can be found in th

Holtrop et.al.

resistance of single barges was compared with the method of Lattore.
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e used resistance model. The
formula of Howe is a second power function of speed, while the method of
(1990) is a higher power function of speed. If in appendix |

the resistance of the other barges is compared, the difference between the

mod el values and the values of Howe is shown to be getting smaller if the

width of the barge is increased. This was also seen in figure 7.7, where the




Chapter 7: Ship design model

If the barges are equipped with thrust ers then the resistance of the

thrusters is also added to the total barge train resistance. This resistance

can be calculated with the following relation ( MacKenzie , Forrester , 2007) :
1\

Rthmster=5.r.\/ A G (7.11)

Rrhuster = resistanc e of one thruster [N]

At = Thruster diameter [m]

Cd = drag coefficient (0.3) for free trailing thrusters [-]

The added resistance of t  he thrusters is assumed not be a ffected by the
water depth, so the resistance can be added to the total calcul ated barge
train resistance.

In figure 7.46 an example of a barge trains is giv en as a formation of 4
barges. All the barges are 52 meters in length and have a beam of 6.8
meters. The capacities of the barges are 28 TEU (or 550 tonne). All the
barges that are drawn can sail independently.

Figure 7.46: 2x2 formation (total 4 X 28 TEU

7.4 Tug design model

7 .4 .1 Introduction

In this section of chapter 7 the Queastor design model of the tug will be

described. The main Acomponent ghe georhettohe desi gn
the tug, the resistance, the construction (weight) and the propulsion

installation of the tug. In addition, the layout of the superstructure will be

described in this chapter.

Because of the dependence of the components mentioned above an d
because the barge design model was also programmed in Quaestor, the

program Quaestor has been chosen to solve all the different relations
between the components in the tug design model.

The way the different components are related to one another is gi ven in
figure 7.47. The red lines indicate data that is taken from the chosen
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logistics option in the network model (chapter 6). A change in the number
(or the dimensions) of barges that have to be pushed will influence the

design of the tug because the re

sistance will be changed and therefore the

type of engines will change. As a result, the dimensions of the engines will
change and that will have a large impact on the design of the tug.

Figure 7.47 shows that the design algorithm could opt for a diesel e

or a diesel direct propulsion lay out. So it can be
electric propulsion system will have an advantage over the diesel direct
option. All the boxes in figure 7.47 without arrows directed at them are to

therefore design choices.

be determined and are

Figure 7.47: Schematic overview of the tug design model
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All the different components mentioned in figure 7.47 will be further

explained and described in the next paragraphs. In the first paragraph t

he

position of the tug design model will be given in the total model that has
been developed. The design paragraphs will start with the description of the
hull form and geometry of the tug. After that the resistance calculations will

be given in deep and s

hallow water, as well as the description of the

construction and the calculations of the construction weight of the tug. The
most important part of the tug, i.e. the power and propulsion systems, will
be explained in the next part of this chapter, followed
calculations. In the second to last paragraph the new building costs of the
tug will be determined. The last paragraph is used to investigate the effects
ave on the new building prices.

of changes in the design will h

7.4 .2 Position in the

design

model

by the stability

In this paragraph the position of the tug design model in the total model
will be given. This position is given in figure 7.48 with a schematic overview

of the total model.
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Figure 7.48: P osition of the tug design model in the total model
Total design model

Barge design model

A 4

Barge train model

A 4

<Tug design modeD

Figure 7.48 indicates that the design of the barges and the barge train
calculations will have a direct influence on the design of the tug. So the tug
will be specially designed for the designed barges.

7.4.3 Geometry

The geo metry of the tug will be taken from van Terwisga (1989). In van
Terwisga (1989) a literature study has been done for the hull forms of
barges and tugs. Figure 7.49 gives a schematic overview of the tug.

Figure 7.49: S ide view of the tug

Laft PS Lenter PS
—

S —

AlphoST_PS_P AK'QL hoST_PS Alphol_PS 1

Lmid_PS

Source: van T erwisga , 1989

In that study design relations are given for the design of a tug. These
(generic) design relations are used in the design model. Appendix K deals
with the developed tug hull form design relations.

7.4 .4 Resistance calculation

The resistance of the tug will be determined in the same way as has been
done with the barge. This is possible because the geometry of the tug and

the barge are almost the same. In the resistance model of the tug only

Lenter » Lmig @and L ¢ have been taken into account. T he parameter
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affect the wave making resistance of the tug, while L an and L 4 do not, as
the aft part of the tug does not affect the displacement.

In the resistance model , the resistance of the length will be based on the
parameters L cner, Lmia @and L . This means that the influence of the length of
the aft ship of the tug (L a1 and L 4 ) will be neglected. This has no real
implications because the aft part of the tug does not influence the
displacement, with only a small influence on t he resistance as a result. The
transom area of the aft part of the tug will be taken into account as well as

the real wetted surface of the tug.

A shallow water correction has also been applied with this resistance
calculation. This is the same correction as has been applied by the barge.

There is still another adjustment to the resistance calculation of the tug: the

width of the barge train will be used in the calculations instead of the actual

width of the tug. The wave making resistance will be determi ned by the
width of the barge train and therefore that same width is used in the
resistance calculation of the tug.

7.4 .5 Construction

The construction of the tug is analogous to the construction of the barge.
The same rules are applied and the same spaci ng is used between the
floors and girders. The construction of the tug is shown in figure 7.50.

Figure 7.50: C onstruction of the tu

The construction weight will be calculated as the summation of the different
construction parts. For the total constru ction weight of the tug, an extra
margin of 25% is added to the calculated construction weight. The extra
25% will represent the weight of the welds, paint, wiring, etc. All the
weights that cannot be determined at this stage of the design will be
incorpor ated in this margin.
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7.4 .6 Propulsion

In this section the propulsion lay -out of the tug will be described. First, the
propeller calculations will be dealt with; then the total amount of installed

power will be calculated. The third and fourth section wil | give the diesel -
electrical and the diesel -direct propulsion systems. The final part of this
section will deal with the fuel consumption calculations and the tank
arrangements in the double bottom of the tug.

Propeller calculations

The propulsion calcul ations will begin with the determination of the total

resistance (tug and barges) and based on that the needed thrust. The total

resistance will be equal to the sum of the resistance of the barge train and

the resistance of the tug. Normally the resistance of the tug will be

neglected with respect to the total barge train. For this application the

barges are relatively small and therefore the tug is relatively large, so that

the resistance of the tug canodt be neglected.
been ta ken fully into account into the barge train. Therefore the total

resistance will be overestimated but the overestimation will incorporate the

resistance of the propellers and rudders.

R..=R

+R (7.12)

total barge_train tug
If the total resis tance is known for the opted speed, the total required
thrust can be determined. The calculation of the thrust can be found in

appendix L.1.

When the thrust is known, the propeller calculation can be done. The
decision has been made to install ducts arou nd the propellers. These ducts
will reduce the propeller loading because the ducts will generate a part of

the needed thrust.

The diameter of the propeller ducts are set equal to the draft of the tug

(van Terwisga , 1989). The thrust delivered by the duct s is taken from the

K-19A nozzle. This Kt line is added to the kt line of the propeller. Although

this nozzle is specially designed for the Ka4.70 propeller, it is assumed that

this nozzle can also be applied to finormal 06 B
L.1 the propeller calculations can be found.

The propellers are allocated in the aft part of the tug, where they are

equally distributed over the width of the tug. It has been decided to install

double rudders after every propeller. A large rudder area can be applied in
shallow water situation. The rudders can also contribute to an increase in
propeller efficiency as the rudders can reduce the rotation of the water that

leaves the propellers. In Appendix M the calculations can be found to
determine the dimen  sions and the weight of the rudders. Figure 7.51 shows

the propellers as well as the rudders.
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Figure 7.51: Propellers in the aft part of the tug

Power calculations

When the propellers are designed and the required thrust is known, the
needed amount o f installed power can be calculated. First, the operating
point of the propeller must be determined. In appendix N.1 the calculation

of the working point of the propellers can be found, whereas figure 7.52
offers the result of that calculation.

In the mo del it is possible to determine the operating point of the propeller

for two different design conditions. These conditions can be different
speeds, different number of barges that need to be pushed or different
water depths. These different lines will resu It in two different efficiencies
and propeller RPMs. The propeller will be designed for the heaviest
condition. Figure 7.55 shows that there are two different working points of

the propellers. In the network model (chapter 6) it is also possible to opt for

a situation in which the tug will sail on the small waterway pushing a single

tug. Also for that situation a separate working point will be calculated

(Kt ship_SR).

If the working point of the propeller is known, also the propeller efficiency is
known and therefore the total propulsion efficiency can be determined. In

Appendix N.2 the calculation of the total propulsion efficiency ( hd) and
required installed power can be found (P b)-
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Figure 7.52: Open water diagram with two differe

nt design conditions
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The installed power will be different for the two different design conditions,
not only because the resistance is different (different speed or different

number of pushed barges) but also because

hy will change.

Besides the needed power to sail at a certain speed with a given number of

barges, there is also power needed to re

-charge the batteries in the barges

if a battery powered barge is opted for. The amount of power needed to d

that can be calculated with the following relation:

Ng.E

Batt* —batt
T LR

Ngages = NUMber of barges

Ngat = NUMber of batteries in one barge
Epa = €nergy per battery

TLw = time sailed on the large waterway

P

batt

=N

Barges *
[-]
[-]
[Wh]
[h]

(7.13)

The batteries will be charged when the tug is pushing the barges from the
entrance of the small waterway to the port or vice versa. If the barges are

equipped with a gen set or if the option is for a barge that does

sail independently, Py will be set to zero.

The electrical power demand (P

not have to

elec) 1S the last power demand that needs to

be determined. The electrical power demand is estimated at 150 kW, which
is a value that has been taken from an example ship (NeoKemp).

It is a Iso dec ided that an extra (inland waterway

) margin of 25% will be

added to the required propulsion power, so that extra resistance due to
fouling, as well as extra resistance due to currents in the rivers and wind

can be overcome.
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The total installed power for t he two different conditions can now be
calculated with the following relations:

I:)b_installled = Pb 1’25 + Eatt + '!I:)ec (714)
I:)b_installed_z :Pb_z 1’25 + Ft?att + Ié)lec (715)
The reason for only increasing the propulsion power and not the power

needed for charging the batteries and the electrical power demand is that

the last two powers are not related to the extra resistance due to currents

and wind.

Diesel - Electrical power lay -out

In the model it is possible to choose between a diesel -electrical power lay -

out and a diesel -direct power lay -out. In this section the diesel electrical
power lay -out of the tug will described. The main advantage of the diesel
electrical option is that all the different power demands can be incorporated

in one power generation system. This advantage would even be bigger if
the tug had to push the barges at two different speeds or two different
numbers of barges, etc. If in that situation a diesel -electrical option is
chosen, generator sets could be switched off so that fuel co uld be saved. In
figure 7.53 a conceptual power generation lay -out is given.

Figure 7.53: Diesel -electrical power lay -out
. Main Switch Board

.@ pE ((6)
RCORE

The tug design model may vary the number of installed propellers (1 to 4)

and the number of installed g en-sets from one to four per design condition.

It is possible to install two gen - sets to sail with 2 barges and one extra gen -
set to sail with four barges (in total 3 gen -sets will be working). The choice

of the gen -sets will be based on the calculations f rom the sections 7.6.1 and
7.6.2. The gen -sets are selected from a gen  -set data -base that has been
added to the tug design model. The data from that data -base is taken from
gen-set manufacturers and gives the weight, dimensions and the fuel
consumption of the gen -sets (see appendix O).

DE

@
DE @

Electric users
Battery re-charging

The electric engines, needed to deliver the torque and RPM to the
propellers, are dimensioned at the highest value of P bl.25 0or P , ,1.25. The
product information of the electric engines can be found in appendix E. In

figure 7.54 the diesel -electrical power lay -outis given.
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Figure 7.54: Diesel -electric power lay -out

The electric engines are placed after the propeller shafts if there is enough
space available in the engine room. If there is not enough space available,
electric engines are placed above the propeller shaft so that the electric
engines drive the propeller shafts with a drive belt.

If a diesel electrical power lay out is chosen, then an extra efficiency is

added. This efficiency is set to be 90% so that 10% efficiency loss is
incorporated for the diesel - electrical option. This loss is used to incorporate

the losses for the electrical components of the power generation systems.

The gen -sets are allocated in such a way that the heaviest engines (or sets
of en gines) are placed as much forward as possible in order to reduce the
trim of the tug (see also section 7.4.9 trim calculations).

Diesel -Direct power lay -out

The diesel direct system is a simpler system than the diesel electrical

option. The model only ha s to define the number of propellers. The number

of installed engines is set to be equal to the number of propellers. Owing to

the fact that the engine RPM and the propeller RPM are not the same, a

gear box needs to be installed between the engine and the propeller shatft.
The gear box will be taken from a data -base and will be selected on basis of
the needed reduction of RPM and engine power (see appendix Q).

The propulsion power and the power needed to charge the batteries (via the
power take off of the gear box) will be delivered by the installed diesel
engines. The data of the diesel engines can be found in appendix P. The

electrical power will be delivered by gen -sets. When it has been chosen to
install two propellers, the tug design model will install one gen -set and in all
the other situations there are two gen -sets installed. In figure 7.55 the

schematic diesel direct lay  -out is given.
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Figure 7.55: Diesel -direct power lay -out (2 enginesand 1 gen  -set)
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If a diesel direc t power lay -out is opted for and two different design

conditions are entered, the model will design the power lay -out for the
heaviest condition. In figure 7.56 the 3D -model of the diesel direct power
lay -out is given. The engines are placed as much forwar d as possible in

order to reduce the trim of the tug.

Figure 7.56: Diesel -direct owerla -out

Fuel, dirty and lubrication oil tanks

The amount fuel oil that has to be allocated in the tug depends on the
range of the tug. The number of trips that have to be made by the tug has
to be defined. A trip is defined here as sailing from a seaport to the small
waterway and back. In appendix R the more detailed calculations and
design choices are given.

7.4 .7 Accommodation

The accommodation of the tug will be determined by the number of
required crew members and consequently the amount of needed cabins and
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the required space for the galley. The total amount of crew members will be
given by the rules of the shipping inspection and depends on the chosen
sailing regime, i.e. semi or full continues and the total size of the tug and
barge convoy (see chapter 8).

In the accommodation a distinction will be made between captain cabins

and sailor cabins. The cabins of the captain will be equipped with a personal

showe r and toilet, while the other crew members have to share common

facilities. The dimensions of all the cabins are set at 2.5 meters width, while

the |l ength of the captainsodé cabin is set at
accommodation is set at 2.3 meters. T he superstructure will be made of

aluminium. In appendix S the lay -out design and the weight calculation of

the accommodation are given.

7.4 .8 Wheelhouse

On the tug a moveable wheelhouse will be placed. The big advantages of
this type of wheelhouse is tha t it can be placed above the containers when
the tug and barges convoy is sailing on a large waterway. This gives the
captain a good overview of the barges, but the wheelhouse can also be
lowered so that the tug and barge convoy can pass low bridges. The
wheelhouse will be entered from the aft part via a flight of stairs on the
accommodation when the wheelhouse is higher. When the wheelhouse is
lowered, the wheelhouse will be entered from the inside of the
accommodation.

The dimensions of the wheelhouse ar e taken from an example inland ship
(CompocaNord) that has been developed as a composite inland ship. The
dimensions are determined at 3 meters in length, 3 meters in width a nd
with a height of 2.3 meters.

The lowest point of the wheelhouse, in the upward s condition, will be placed
on the highest of the containers so that the captain can look over the
containers. In figure 7.57 a total overview of the tug is given when the
accommodation and the wheelhouse are placed on the tug.
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Figure 7.57 : O verview of t he tug with the wheelhouse and accommodation

y.27

8

The weight of the wheelhouse will be determined in the same way as has

been done for the weight calculation of the accommodation. It is assumed

that the calculated weight is the total weight of the wheelhouse , inclusive of
the equipment weight of the wheelho use.

7.4.9 Stability and trim

In this part of this chapter the stability and trim calculations will be
described that are added in the model. First the stability of the tug will be
determined. After that the trim of the tug will be calculated as well as the
allocation of the ballast tanks.

Stability calculations

The stability of the tug will be determined by its GM -value. In appendix T
the calculations of the GM  -value are given.

No formal criteria ar e formulated by the shipping inspection concerning the

stability of the push and tug ships on inland waterways ( RAAD VOOR DE
TRANSPORTVEILIGHEID , 2004 ). It is only prescribed that the ships must be
sufficiently stable. In this research a minimum value of G M of 1 meter is

taken as sufficient initial stability for the tug.
For every design that has been made, a stability check will be made to see

if the tug is stable. If the stability is not high enough, the design will be
rejected and should therefore be a djusted.
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Trim calculations

Besides the calculation of the initial stability of the tug, also its trim will be
determined. In appendix T also these trim calculations can be found.

If the initial trim of the tug is not equal to zero, the design model wi Il
automatically add ballast to the tug, so that the tug will have zero trim. The
way that has been done can also be found in appendix T.

7.4.10 New -building price tug

The new building costs of the tug will be determined in the same as has

been done for t he barge. Therefore the newbuilding costs of the shipyard

are determined and on top of that a profit margin is added, so that the
newbuilding price is determined (recall figure 7.20). The costs of the hull of

the tug are calculated in the same way as the b arges. The reason for that is
that there is not a big difference between the shape of the hull of the barge

and the tug. But there are some additional costs for the hull, such as
rudders, ducts, pumps, ballast tanks, etc. Therefore, the following relation

is used to calculate those costs:

Costyy =SV, -(25. Cogt, por * Cosly ).1.2 (7.16)
Costryg nut = Costs of the hull of the tug [EUR]
SWr,, =tota | steel weight of the tug [tonne]
The costs of all the installed generator sets and or diesel engines are

related to the installed power. The costs per installed kW of generator set

are 330 EUR / kW ?°. For diesel engines the costs are 200 EUR / kW 2 tis
assumed that these costs are the total costs to install the equipment
(including the costs of all the ducts, pumps, etc that are related to the
engines). The total costs for the engines can then be determined with the

following relations:

Costey sers= Pb_installeg, ;.. - 330 . A index, (7.17)
Costgen_sers = costs  for the installed gen sets [EUR]
Pb_installed cngine =i nstalled power per gen set [kwW]

Agngines = NUMb er installed gen sets [-]

Index ,q905 = inflation index 2005 A 2009 = 115.4/106.5 (see 5.3) [-]
COSee et = PD_installed, ;.. - 220. A -INdex (7.18)
Cost piesel_pirect = COSts for  the installed diesel eng  ine [EUR]

The costs for the installed electrical engines for the diesel electrical option
are set at 100 EUR/KW. The total costs can be calculated with the following
relation:

CoStyoier = Naw - 100 . B -INdEKy, (7.19)
Costemotor = COSts of the el ectrical engi nes [EUR]

Nem = humber of electrical engines [-]

20 pata given in 2005 (TU delft lecture Wartsila data)

2L Data given in 2005 (TU delft lecture Wartsila data)
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Pemotor = P OWer per electrical engine [kW]
The costs of the gear boxes are taken from product data of Reintjes 22 and
are given in the following relation:
25.000 Installed,,,.., _
COS'QZ-EAR_BOX = 'Agear_boxesmdex 2008 (7-20)

0.243 = Enging,,,

Costgear_sox = COsts of the gearbox [EUR]
Installed power =i Nstalled power per engine [kW]
Engine gpm = rp m of the installed engine [1/min]
Agear boxes = NumM  ber of installed gear boxes [-]
Index ,90s = inflation index 2008 A 2009 = 115.4/115.4 (see 5.3) [-]

In the formula above the number 0.243 is the ratio of installed power and

engine rpm of the example gear boxes and the number 25.000 EUR is the

price for a single gear box inclusive of the PTO, braches, etc. In re lation
7.34 the costs may be very low if the installed power is low. But a gear box

will not be very cheap if the size of the gear box is decreased; therefore a

minimum price of 20.000 EUR is assumed.

The costs for the propellers are determined at 100 EUR/ kW 2 for fixed pitch
propellers. These costs also have to be indexed with the index 2005 -

The costs to install the engines, gear boxes and propellers are estimated
with the following relation:

Costnstallation = [AEngines 100 +(A Prop A gear_boxes AI— QWSO]COSt Maouk (7-21)
Costinstaion = costs for the installatio  n of the propulsion equipment [EUR]
Acngines = Number of installed engines (gen -sets or diesel engines) [-]

Aprop = number of propellers [-]

Agear boxes = Number of gear boxes [-]

Aem = n umber of Electrical engines [-]

It is estimated that the installation time of a single engines is 100 man -
hours. This time is used to install the engines, connect the ducts and

pumps, etc. The required amount of man -hours for the instalment of the
propellers, gear boxes a nd elect rical engines are set at 50 man hours. The
costs of the exhaust system (exhaust pipes and ventilation of the engine

room) are estimated at 30,000 EUR (2009 value). The costs of the electrical

components (converters, switch boards, etc) are estimated at 50,000 EUR
(2009 value).
The costs of the wheelhouse are 40,000 EUR 2 (inclusive installation). These

costs are given by the firm ALUBOUW de Mooy. These costs are an
estimation based on the used dimensions of the wheelhouse. The costs of

the equipment that have to be installed in the wheelhouse (radar,
communication equipment, etc) are 100,000 EUR?®. All these costs have to
be updated to 2009 values with index 2007 - The costs for the finishing of the

22 Data given in 2008 (personal contact Reintjes )

2 Data given in 2005 (TU delft lecture Wartsila data)

2 Data givenin 2007 (personal contact alubouw de mooy )
% Data given in 2007 (personal contact alubouw de mooy )
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wheelhouse and superstructure are estimated at 225,000 EUR (Ecotrans
2002 *°), which will have to  update to 2009 with index 0, (115.3/100).

The costs of the hydraulic lifting system of the wheelhouse are set at
40,000 EUR?'. This figure is given by Van der Velde marine systems. The

costs are related to the requ ired lifting height of the wheelhouse, but for

these costs a lifting height of 5 to 9 meters can be achieved. The hydraulic

winches that are also placed on the tug can be incorporated in the hydraulic

lifting system of the wheelhouse. The extra costs for t he hydraulic systems
for the winches are in total 60, 000 EUR?® so that the total costs are 100, 000
EUR. The costs of the steering equipment are determined at 65, 000 EUR*
per two pairs of rudders (see appendix K). The total installation costs of the

rudders, lifting system and coupling winches amount to 40,000 EUR®. All
these costs are valid for 2007 so that also these costs have to be indexed

from 2007 to 2009 with index 2007 (115.4/111.3).

Fiure7.58: T otal tug and barge convo

The total new -building ¢ ots of the tug are now equal to the sum of all the
different components plus a margin of 7%. That margin has been added to
incorporate the profit margin of the ship yard and possible costs

components that are not taken into account. In figure 7.58 a design has
been made where a convoy can transport 2 x 28 TEU with a spe ed of 14.5
km/h on a large waterway . The total range of the tug is 5 x 200 km and

there is space for 2 crew members on the tug.

7.4 .11 Emissions

The emissions of the tug and barge convoy wi Il be based on the fuel
consumption of the tug. It is known how much fuel will be consumed per

%6 Quaestor -model Eco -Trans developed by Dr. Ir. Van Hees  ( the software developer of

Quaestor )

27 Data given in 2007 ( personal contact Van der Velde marin ~ systems )
8 Data given in 2007 (personal contact Van der Velde marin ~ systems )
2% Data given in 2007 (personal contact Van der Velde marin  systems )
%0 Data given in 2007 (personal contact van der Velde marin systems )
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hour and therefore (with the known sailing time) per trip. The emissions will
be expressed in CO ,, NO,, SO, and PM (4. The total amount of emissions per
gram of g as oil is given in table 7.8.

Table 7.8: E missions per tonne fuel oil
CO2 NOXx SOx PM10
alg 3.17 0.09 0.0013 0.0018

Source: Dijkstra, 2001

For the transportation of one TEU or tonne of cargo, it is possible to

calculate the total emissions. Chapter 9 shows that the emissio ns costs will

be calculated on the basis of the values given in table 7.6. Also the

emissions in g per t*km will be calculated, so that that value can be

compared with other modes. When an independent sailing barge with a

battery package is chosen, the emi ssions of the barge are set at zero, due

to the electrical installation of the barge. In that case all the emissions are

Aproducedodo by the diesel engines (or generator
independent sailing barge a generator set is installed, also those emissions

will be taken into account.

7.4.12 Sensitivity analysis of the tug design model

In order to make the calculations for the sensitivity analysis for the tug

design model, some additional input parameters are needed. In table 7.9 an

overview is given of the values of these additional input parameters. The
number of barges pushed is the same for all the three waterways. All the
other input parameters are the same as in table 7.5.

Table 7.9: O verview of the additional input parameters

Input parameter value
Propulsion system tug Diesel direct
Npropellers 3
Sailing regime Semi continuous
The first parameter that will be analysed is the influence of the speed on

the new -building price of the tug. Also the influence of the number of
pushed bar ges is analysed . In figure 7.59 the influence of a speed and
barge train formation (btf) on the newbuilding costs of the tug is given.
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Figure 7.59: I nfluence of speed and BTF on the new -building costs of the tug (DD)
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Figure 7.59 show s that the new

-building costs are (almost) the same for all

three different designs when the speed of the tug is smaller than 11 km/h.
The reason is a minimum engine size that will be installed in the tug. If the

required power is lower than the smallest e

ngine in the database, the model

will always choose that smallest engine. Therefore, the designs of the tugs

are the same and as a result also the new

-building costs. From figure 7.59

it can also be concluded that, when the required speed goes up, the new
building costs also increase and that increase is the largest for the tug that
has to push the most barges. Especially for tug that has to sail 16 km/h,

t he
values).

di fference

The second parameter th

bet ween

at will be analysed

pushing 1 or

is the fuel costs per TEU per

sailed hour for different speeds and barge train formations. For these
calculations the fuel oil price was set at 600 EUR per tonne fuel (2009

value, see chapter 8). In figure 7.60 the fuel costs per TEU ar

e given.

It can be concluded from figure 7.60 that the fuel costs per TEU are larger
(and increase more rapidly) for the smaller convoys. That effect is due to
the economies of scale of the larger convoys. Figure 7.66 also allows us to

conclude that when

the speed of the tug (plus barges) is increased above

14 km/h, the fuel costs increase very rapidly. At 16 km/h, the difference
per TEU per hour is 6 EUR if one compares the fuel costs if one barge has to

be pushed or four. While the difference is less th

an 0.5 EUR if the speed is

lower than 12 km/h. In the same figure can also be observed that the fuel
costs per TEU for the 1 and 2 barge convoy are almost the same.
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Figure 7.60: I nfluence of speed and btf on the fuel costs per hour of the tug (DD)
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Also the effect of the choice between a diesel direct and a diesel electrical
system will be  analysed . The same design as above has been made but now
with a diesel electrical system. This is shown in figure 7.61.

Figure 7.61: 1 nfluence of speed and btf on the new  -building costs of the tug (DE)
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Note: 2009 values

Figure 7.61 shows that the new -building costs of the tug with a diesel
electrical system are increasing with an increasing speed and size of the
convoy. The new -building costs o f the diesel electrical tug are higher than

the costs for the diesel direct tug (except when the 4 barge tug convoy is

sailing at 16 km/h). The reason for that is that, due to the installation of the

generator sets, mechanical energy has to be transformed into electricity
and from electricity transformed into mechanical energy. This loss of 10%

will lead to a more expensive propulsion installation. The electrical engines

and switch board will also have an upwards effect on the new - building
COSts.
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In figure 7.62 the fuel costs per TEU are given for the situation that the tug
is equipped with a diesel electrical propulsion system.

Figure 7.68: 1 nfluence of speed and btf on the fuel costs per hour of the tug (DE)
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If figure 7.62 is compar  ed with figure 7.60, it can be concluded that the fuel
costs do not differ much between the two propulsion systems.

The last parameter that will be analysed is the number of propellers on the
tug. The numbers of propellers are varied from one to three pro pellers and
for the different number of propellers the propulsion efficiency will be
determined.

Figure 7.63: 1 nfluence of the number of propellers on the propulsion efficiency
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Figure 7.63 shows that the efficiency of the propellers increases with an
increasing number of propellers. The load per propeller is reduced and the
efficiency increases. It can also be seen that the difference between pushing
one and two or four barges is very large. In fact, the tug has to push fewer
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barges, the required amoun t of power needed is also reduced; therefore
smaller engines are installed, resulting in a weight reduction of the tug.

That weight reduction results in a reduction of the draft of the tug and thus

a reduction of the propeller diameter and in an increase i n propeller load
per blade area.

7.5 Preliminary conclusion

In this chapter the design models for the used barges and tug have been
developed. These design models use the input from the network model and
will also provide data to the transportation and ex ternal cost models.

In this section of chapter 7 the preliminary conclusions regarding the design

choices for the tug and barge design are presented (resistance influence,
stability and propulsion). The influence of design choices on the newbuilding
/ tra nsportation costs will be made in chapter 8 (transportation cost model)
and in chapter 14 (Applying the small barge system in a real case). The
reason to split these decisions is that the more logistics / cost research is
needed before a choice can be made

From the barge design model it can be concluded that U, should have a

value between 20 and 30 degrees. | f itt is poss
(20 degrees) is advised because that will lead to the lowest resistance at

the highest speeds.

It can al so be concluded that at low speeds (1 to 2 m/s) the largest value of

U gives the lowest resistance. When the speed is increasing, the influence

of the angle on the resistancegis80degesss. The be:
If a generator set is installed in the aft ofg dalna bebchoseg e , U

freely, but it must be altered in order to create enough space to allocate the

generat o <%08t (U

With respect to the width of the transom area, it can be concluded that the
resistance of the independ  ent sailing barge will increase if the width of the
transom area is increased. The influence is decreasing when the speed of

the barge is increasing, but the reduction is smaller than when the value of

Uy was varied. It is therefore advised that the width of the transom area
will be reduced as much as possible. A limiting factor is that the barges

have to be coupled, for which a minimum pushing area is needed. The
minimum width of the transom is set at 0.5 of the total width of the barge.

The minimum wid th of the barge, with respect to its stability, should be at

least wider than 6.7 meters so that the GM value is larger than 0.5
(minimum criteria if the containers are lashed). If the containers are not

lashed, the width of the barge must be increased to 7.5 meters to obtain a
GM-value of 1 metre.

I't can also be concluded that an Aemptyo barge
equipment) will be as stable as a fully equipped barge. The weight of the

batteries and thrusters in the double bottom will lower the K G of the barge

but that is being compensated for by the increase in KG of the wheel house,

which is placed on the deck of the barge.
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The number of thrusters installed on the barge will be set at 4 thrusters in

the aft the barge and on in the bow. The four thrusters in the aft ship of the
barge will enable it to sail at 13 km/h (for a short period of time if batteries

are installed). This maximum speed will give the barge the ability to
manoeuvre in sailing areas where there is a large current or if ships h ave to
be passed.

From the tug design model it can be concluded that the efficiency of the
propellers increases with an increasing number of propellers. The load per
propeller is reduced, so that the efficiency increases. It can also be
concluded that th e differ ence between pushing one or two or four barges is
considerable. The reason for that is that, if the tug has to push fewer

barges, the required amount of power needed is also reduced and smaller

engines are installed, resulting in a weight reduction of the tug. That weight
reduction results in a reduction of the draft of the tug and thus a reduction

of the propeller diameter and in an increase in propeller load. This will
decrease the propeller efficiency.

134



8. Transportation costs model

8.1 Introd uction

In this chapter the transportation costs of the small barge convoy system
will be determined. These transportation costs are determined as the sum

of the fuel, crew, interest, repair and maintenance, insurance cost S,

depreciation and administratio n costs. This chapter will conclude with a
sensitivity analysis of parameters that are infl uencing the transportation
cost such as the number of barges and fuel oil price. This is justified by our

interest in the effects of changes of those parameters on t he total costs.
Figure 8.1 shows the position of the costs model in the total model.

Figure 8.1: Position of the costs model in the concept model
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8.2 Cost components
The transportation costs will be calculated as the sum of the fue |, crew,
interest, repair and maintenance, insurance Ccosts, depreciation. These
different costs components are taken from NEA (2003). Also the costs to

use the inland waterways (waterway costs) and the overhead costs are
added.

8.2.1 Fuel costs
The fuel costs are determined by the amount of fuel that is used on the
selected trips and the fuel costs per tonne fuel. The amount of fuel used is

already determined in chapter 7, where the fuel consumption is determined
as a function of needed power to sail with a given number of barges and at
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a given speed and the specific fuel consumption of the engine. In formula
8.1 the fuel costs per TEU per trip will be calculated.

_ I:uel:onsumption - Fuel

Cost:uel tri e (81)
- NBarges'(N containeré- BUIk)

Costruel rip = fuel costs per trip per TEU ortonn e [EUR/TEU ortonne ]

Fuel consumpion = fuel consumptio  n (see chapter 7.3) [tonne]

Fuel .,ss = costs for one tonne of gas oil (600 EUR/tonne) 31 [EUR/tonne]

Ngarges = NU mber of barges in the convoy [-]

Ncontainers = Number of containers per barge [TEU]

Bulk = amount of bulk cargo in one barge [tonne]

In this calculation, and also in the upcoming ones, the costs are calculated
per unit load. This can either be in TEU if a barge is loaded with containers

or in tonne if the barge is loaded with b ulk cargo (sand, iron ore, etc). The
loading degree of the barges is in this stage of the model not yet
determined. This loading degree is a variable in the total model which will

be determined with the feedback relation who will connect the competition

mo del with the top of the model (see figure 8.1). So the competition will
determine the maximum loading degree of the barges.

With this calculation the assumption has been made that the tug will sail at
a constant (design) speed(s) and that the added re sistance due to waves
and wind are not taken into account.

If a barge has been chosen that is equipped with a generator set instead of
batteries, the fuel costs of the barge are also added to the total fuel costs.

8.2.2 Crew costs

The crew costs of the different barge trains will be determined by the
minimum number of crew members that should be present at the barge

train. The rules for the number of crew members are given in table 8.1,

where also a distinction is made between the full and semi -continuo us
sailing regimes. It needs to be mentioned that a push barge in this table

can be seen as a combination of smaller barges if the total width does not

exceed 15 meters and the total length does not exceed 76.5 meters. If a

barge train is operated at a sem i continuous regime, there are only 14
hours available per day.

31 Costsin 2009 value which can be varied (Dec ember 2009, NEA 2010)
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Table 8.1: N umber of crew members

Full continues S1 [Semi continues S1
Dimensions of the barge train [Captain 2 1
L<37m Quartermaster
B<15m Sailor
Ordinary sailor
Machinist - -

N
H

Dimensions of the barge train [Captain 2 1
37m<L<86m Quartermaster
B<15m Sailor 2 1
Ordinary sailor - -
Machinist - -

Dimensions of the barge train [Captain 2 1
86 <L<116.5m Quartermaster 1 1
B <15m Sailor 2 1
Ordinary sailor - -
Machinist - -

Tug + 2 barges Captain
Quartermaster
Sailor
Ordinary sailor - -
Machinist

N RN
N e

=
=

Tug + 3 or 4 barges Captain
Quartermaster
Sailor
Ordinary sailor
Machinist

PR NRN
N PR

=

Tug + > 4 barges Captain
Quartermaster
Sailor
Ordinary sailor
Machinist

PP WERN
WP R

Source: NEA, 2003.

The crew costs per hour will be determined by the number of crew
members and the hour w  ages for the crew members. The wages are taken

from the collective labour agreement and are given in table 8.2 %2 The costs
are given as the before tax costs per month of a 40 -hour work week. The
costs per hour are then equal to the month wages times 12/52 divided by
40 hours. The wage costs per hour per TEU or tonne can be calculated with
formulae 8.2 and 8.3 for the situation on the large and small waterways:

a C OSt%ew

Crew, = Crevin 8.2
costs_LR N Bul k) ( )

Barges (N comainer;-

32 All costs are calculated for 2009. The table indicates that the costs are valid from the 1st
of January 2010 , w hich is only one day after the base year 2009 (31 st of December).
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a C OSt%I’EW

_  Crewg
Crewcosts_SR - (N .

+Bulk)

containers

Costs e = hour wages of the crew
Crew g = crew mem bers on the large waterway
Crew sg = crew me mbers on the small waterway

(8.3)

[EUR/]
[-]
[-]

The number of crew members on the small waterway will differ per selected
the barge will not sail
independently on the small waterway, the crew costs per hour are the same
as for the total barge train. If the barge will sail independently, the
minimum crew members will be set at 2, a captain and a mate. In the

barge train. If a system is chosen in which

model is it possib le to opt for only a single captain on the barge.

Table 8.2: Labour costs according to the

labour agreement
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Wage table

Month Hour
Tug and push ships wages wages
Data of start 1 January 2010:

EUR EUR
CAPTAIN
Engine power. > 1200 EPK 2,234.39 12.89
Engine power. 900-1200 EPK 2,153.87 12.43
Engine power. 600-900 EPK 2,073.04 11.96
Engine power. < 600 EPK 1,992.60 11.50
ENGINEER
Engine power. > 1200 EPK 2,101,04 12.12
Engine power. 900-1200 EPK 2,020.17 11.65
Engine power. < 900 EPK 1,940.30 11.19
SHIPPER 1,876.77 10.83
QUARTERMASTER 1,705.94 9.84
full SAILOR / SAILOR-engine mechanic
Age 23 yr. or older 1,642.59 9.48
Age under 23 yr.:
3 function years 1,577.19 9.10
2 function years 1,432.45 8.26
1 function year 1,287.66 7.43
no function years 1,143.13 6.59
SAILOR
Age 23 yr. or older 1,625.85 9.38
Age under 23 yr.:
3 function years 1,417.10 8.18
2 function years 1,271.92 7.34
1 function year 1,127.18 6.50
no function years 982.56 5.67
ORINARY SAILOR
Age 23 yr. or older 1,407.60 8.12
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Age 22 yr. 1,196.45 6.90
Age 21 yr. 1,020.50 5.89
Age 20 yr. 865.65 4.99
Age 19 yr. 739.00 4.26
Age 18 yr. 640.45 3.69
Age 17 yr. 566.00 3.27
Age 16 yr. 485.60 2.80

Source: Kantoor binnenvaart, 2010

Table 8 .3: O verview of the overtime and continues costs

WAGE TABLE SYSTEM SAILING
TUG and PUSH SHIPS Overtime Continues sailing
per hour per day
Data of start 1 January 2010:
CAPTAIN
Engine power. > 1200 EPK 17.35 64.25
Engine power. 900-1200 EPK 16.71 61.90
Engine power. 600-900 EPK 16.09 59.60
Engine power. < 600 EPK 15.47 57.30
ENGINEER
Engine power. > 1200 EPK 16.31 60.40
Engine power. 900-1200 EPK 15.69 58.10
Engine power. < 900 EPK 15.07 55.80
SHIPPER 14.57 53.95
QUARTERMASTER 13.24 49.05
Full SAILOR
Age 23 yr. or older 12.74 47.20
Age under 23 yr.:
3 function years 12.24 43.35
2 function years 11.12 41.20
1 function year 9.99 37.00
no function years 8.87 32.85
SAILOR
Age 23 yr. or older 12.62 46.75
Age under 23 yr.:
3 function years 11.00 40.75
2 function years 9.87 36.55
1 function year 8.75 32.40
no function years 7.63 28.25
ORINARY SAILOR
Age 23 yr. or older 10.96 40.60
Age 22 yr. 9.32 34.50
Age 21 yr. 7.95 29.45
Age 20 yr. 6.74 24.95
Age 19 yr. 5.75 21.30
Age 18 yr. 5.00 18.50
Age 17 yr. 4.33 16.05
Age 16 yr. 3.78 14.00

Source: Kantoor binnenvaart, 201 0

139


http://www.kantoorbinnenvaart.org/
http://www.kantoorbinnenvaart.org/

Chapter 8: Transportation costs model

The total crew costs per trip will be determined by the crew costs per hour

and the time that the crew on the tug (or the independent sailing barge) is

working. In chapter 6 it could be seen that there are several time
components defined in the logisti cs model (see section 6.2.5). These times
are used to determine the crew costs. The crew on the tug will deal with the

coupling and uncoupling of the barges form the total convoy. The crew who

are sailing the barges on the small waterways will deal with th e mooring of
the barge. If a continuous sailing regime (24 hours a day) on the tug is

opted for, 24 hours per day are taken as a basis for calculating the crew

costs.

The crew on the tug will work in a system sailing regime, where the crew
will be one we ek on board the tug and the next week off board. The amount

of Ainor mal 6 working hours per day is 12 hours.
more than 12 hours for a specific trip, the extra hours have to be charged
as overtime. The overtime costs (along with the ad ditional costs of a

continuous sailing regime per day) are given in table 8.3. If a continuous
sailing regime is chosen, the amount of overtime hours is set to zero
because, if the 12 hour per day limit is exceeded, the next crew is already
present and ava ilable.

When the total crew costs per hour are determined, an extra 100% of the
costs are added to incorporate the total costs for the employer. These

100% are built  up from 27% (Van Dorsser, 2004 ) for the employer costs
and 8% costs to be contributed to the pension funds. The other 65% 3
the additional costs are for the daily compensation for sailing in a system

sailing regime on the tug. For the crew that is sailing on the small
waterways, these daily compensation costs are not needed because they

are not sailing in system sailing regime. For that crew an additional 20% is
assumed, on top of the 35% additional costs of mandatory employer costs,

to compensate for the travel expenses to and from the small inland
waterways. The time that the captains of th e barges are brought back to
the starting -point of the small waterway are also taken into count as crew
costs. As a result, the captains are being paid during the time that they are

moved back to the start position of the barge.

of

8.2.3 Repair and maintenan ce

The repair and maintenance (R&M) costs are taken from NEA (2003). The

R&M costs of small 18 TEU inland ships are 2.91 EUR/h. These R&M costs

for the barges are estimated at 6 EUR/h. The costs are doubled when they

are compared to normal small inland ships because of all the electrical
components and thrusters that are installed in the barges which cab sall
independently. It is also assumed that the R&M costs for the tug are also 6

EUR/h. The total R&M costs per hour and TEU or tonne can be calculated
with the following formula:

6.N,___+6)
Costy,, = rages inde (8.4)
NBarges'(N containeré- BUIk)
Costrgm = €O sts repair and maintenance [EUR/TEU ortonne ]
33 Based on table 8.3 (based on 5 days on the tug durin g one shift)
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Index = index figure [-]
Ngarges = NUMber of barges in the system [-]

As mentioned in section 5.3, all the costs components will be scaled to
values of the year 2009. In table 8.4 the index figures are given from 2003

to 2009 for maintenance costs. Table 8.4 shows that the index figures
increases by 16 percent points from 2003 to 2008, and from 2008 to 2009
the inde x figure decreased again. This drop is mainly due to the drop of the
steel price in 2009 (see also figure 7.20) (European Commission, 2010).

Table 8.4 1 ndex figures for maintenance inland ships
Year 2003 2004 2005 2006 2007 2008 2009

Index 100 106 107 111 113 116 111
Source: European Commission, 2010

The repair and maintenance costs, given in formula 8.4 increased by 11%
according to table 8.4.

8.2.4 Insurance costs

The insurance costs of the small barge system per year are determined at
2% ** (BCI, 2 008) of the total new  -building price of the tug plus the barges.
The insurance costs per year can then be calculated with the following
formula:

2% . P ..
Costnsurance — newbuilding (8 5)
Ntrips'Nbarges(N container-s'_ BUIk)
CoSt jnsurance = iNSUrance costs [EUR/TEU ortonne ]
Nuips = Numbe r of trips per year of the tug and barge convoy [-]
Prewbuiding = New building price of the barges andt  ug [EUR]

The insurance costs per TEU are reduced if the number of trips is increased.

Also the insurance cost need to be updated to 2009 values. The index figure
from 2008 to 2009 is 0% (see table 5.3), so that the 2008 val ue is equal to
the 2009 value.

8.2.5 Depreciation

The depreciation of the total system will be determined by the new - building
price of all the barges and the tug. The equipment wi |l be fully depreciated
with a linear method over 20 years. The depreciation costs per trip per TEU

or tonne can then be calculated with the following formula:

T _ I:)Newbuilding
Depreciation (8.6)
20 Ntrips ' Nbarges'(N container-s'- BU|k)

If the tug can be used as much as possible, the number of trips can be
increased and therefore the deprecation per TEU can be reduced. If the tug

34 Insurance costs are 1% to 1.5% of the n ew building price according to Buck consultancy
int. (2008 ). To be safe, insurance costs of 2% of the total new building price is taken here.
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is used more, the number of barges must also be increased, to make sure
that the barges have enough time in the port to unload and load them.

8.2.6 Interest costs

For the calculation of the interest costs, the percentage of equity needs to

be given as an input parameter. The other part of the total investment
needs to be borrowed by a bank or an investment company. The interest

rate of the loan is set at 4.6 percent . The average interest rate varies from
5.5% in 2005 to 4.6% at the end of 2009 (NEA, 2010). In this thesis 4.6%
interest rate is used as default setting (due to the fact that 2009 will be the

base year) which can be adjusted. The period in which the loan must be
paid back is set at 20 years. The interest costs will become less because the
outstanding loan will become less. Therefore the interest costs will be
determined as an average cost over the loan period. The average is
determined on the basis of the first interest payment and the last interest
payment. The interest costs can then be calculated with:

Loan_,,.interest
COStrerest = TBUld NN 20 (8.7)
) (Ncontainers u ) *' Yripst' ¥ barges*®
Cost nerest = iNterest costs [EUR/TEU ortonne ]
Loan g, =amount of loan  at the start of the 20 years [EUR]
Interest = in terest rate of the loan (4.6 % default setting) [-]

8.2.7 Costs of crew logistics

The next cost component that will be taken into account are the costs made

to bring the crew of the independent sailing barges back from the end point

of the barge to the starting -point. If barges are chosen that cannot sail
independently, these costs are set at zero. In the model the calculation of
costs will be based on the following formula, where it is assumed that the
crew of every barge will be picked up by car. Consequently, there are no
consolidations of crew members because it cannot be determined a priori
when the different barge captains are finished with their work.

_Costjriver + COSl:uel + CO%TESt

COSrtrew lo (88 )
_log
(Ncomainers+ BU|k)
Costrew 1og = COSts crew logistics per TEU [EUR/ TEU or tonne ]
Cost giver = costs of the driver of the car [EUR]
Cost e = fuel costs of the car [EUR]
Costrest = deprecia tion and other costs of the car [EUR]
The costs of the driver are set at 14 % EUR per hour. The total time need ed

to drive from the start point to the end point of the small waterway and

back are determined by the distance and a fixed speed of 60 km/h.; on top

of that an extra hour is added to incorporate delays. The fuel costs are
determined by the fixed fuel cons umption of the car (1L of fuel for 15 km)

and a fuel price of 1 EUR per litre. Th e other costs are set at 10 EUR per

3 Based on minimum wages of a 40 hour week + 80% employment costs (2009)
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trip and these costs must cover the costs of the depreciation of the car and

insurance.

8.2.8 Waterway

The costs

to use the waterways are shown

infrastructure costs

in table 10.5

. Two different

tariffs are used, one for a n independent sailing barge and one for the push
barge convoy. The tariff for the push barge convoy is related to the installed

power in the tug. Because all the designed tu
larger than 29 5 kW (400 PK) that specific

is used the most

Table 10.5: C osts to use the inland waterways

gs will have an installed power
tariff of 0. 00017 EUR/tonne*km

Loaded ship Loaded push barge convoy
[EUR/tonne*km] (installed power tug) [EUR/tonne*km]
0,00025 0 to 60 PK 0.00075
61 to 150 PK 0.00050
151 to 400 PK 0.00037
> 400 PK 0.00017

Source : de scheepvaart, 2010

For each design the covered distance on the waterways and transported

tonnage will be used to

calculate the waterway infrastructure costs.

costs will be added as a costs component to the total costs.

8.2.9 Overhead costs

These

The overhead costs are the costs that the tug and barge company has to
make to process the different orders of transpor
determined by the costs of the rent for an office, the wages of the
personnel, computers, etc.

tation. These

costs are

It is assumed that two personnel members are needed at the office, one fte
the planning of

(full time equivalent) for the administration and one fte for
the barges. The yearly costs are estimat ed a5,000 *°,

per fte per year. The costs for renting an office space plus material

(comput

director of the small Ba

ers, etec.

over head cost s

8.3 Sensitivity analysis

125,080 per yeae The managément fee of the
rge Company i s s e t50,08Q, sodhat the total

per year are estimated

of the transportation cost model

In this part of the chapter the influence of different design and logistics

parame ters have been

analysed . The first parameters that will be varied to

investigate their influence on the transportation costs are the speed of the
tug and the barge train formation. These calculations use the same input

parameters from table 7.5 and 7.9. Th

ere is one additional parameter, i.e.

the barge will be operated by a single captain on the small inland waterway
(in chapter 14 the influence of operating the barge by a captain and a mate
will be further examined). In figure 8.2 the influence of the spee

%6 2009 value
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and barge convoy and the barge train formation on the total transportation
costs is given.

Figure 8.2 shows that the transportation costs will have a minimum around

a convoy speed of 12.5 km/h. It can also be seen that there only is a small

variation in the transportation costs from 9 km/h to 13 km/h. This is

because the decrease in fuel costs (due to a lower speed) will be cancelled

out by an increase in crew costs. The difference in the transportation costs

between the 2 and 4 barge convoy is very small in the speed area between

9 km/h to 11 km/h. Due to a higher speed, the sailed time is reduced so

that all the barges can be coupled and uncoupled in 14 hours. The speed is

lower than it is not possible to complete a trip (including the coup ling and
uncoupling) and therefore the number of round trips is reduced, so that the

same fixed costs have to be divided over less transported cargo per year.

The figure also implies that the transportation costs are increased by an
increase of the speed o f the tug and barge convoy. The fuel costs are
increased too much in comparison with the other costs components, at a

speed higher than 14 km/h. In this case, the number of trips made by the

tug and barge convoy will not be increased if the speed is increa sed from 14
km/h to 16 km/h because the sailed distance is too short for the small
increase of speed to have an effect.

Figure 8.2: T ransportation costs per TEU as function of the speed of the barge train

Transporation costs per TEU

0 1004690

ua 80 ;66
, *~— ° / —e— 1 Barge

—8— 2 Barges

—a— 4 Barges

transportatl on costs
(EUR/TEU)
[
o
o
D
D
4
é\
K

6 8 10 12 14 16 18
speed (km/h)

Note: 2009 values

In figure 8.3 the fuel cost s per TEU are given as a function of the speed of
the convoy. In that figure shows an increase of 2 km/h (from 14 to 16

km/h) will costs 12 EUR per TEU for the 1 -barge option and 2.5 EUR per
TEU for the 4 -barge option.
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Figure 8.3: Fuel costs per TEU as f
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unction of the speed of the barge train
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The second parameter to be analysed is the choice for the propulsion

concept of the barges (battery, the generator set(s) or hybrid propulsion

system). To investigate the effect of this choice on
the same routes are selected as in the previ
are pushed in one convoy by a tug with a diesel d

the transportation costs,
ous case. Only, now 2 barges
irect propulsions system

at a speed of 12.5 km/h on the large waterway. Figure 8.4 shows the cost

structure s of different barge propulsion systems.

Figure 8.4: | nfluence battery

- or gen set propulsion on the transportation costs

influence Batt/GS propulsion barge

Propulsiontype

€60,00 Waterway costs
@ 0% T — — | movohend
E €40,00 B Costs_crew_logistics
a €30,00 ODepreciation
e OCapitial Costs
v €20,00
o Olnsurance
O i
€10.00 4! H OR and M
€0,00 . . BECrew
Batt GS Hybrid OFuel

Note: 2009 values

Figure 8.4 shows that the overall transportation costs are slightly lower for

the battery propelled barge than for the gen

the hybrid barge (3%). The larg est difference
propelled barge will be recharged by the main engin
power needed to push the barges and to re

-set driven barge (2.7%) and
is the fuel cost . The battery
es of the tug, where the

-power the batteries is

combined. The power production of larger engines is more efficient than the
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smaller installed generator  -set in the barge (economies of scale for power
generation).  Another important aspect is that the barge must be able to salil

faster (for a short period) than the required 6 a 7 km/h in order to
overcome strong currents or winds. Therefore, the installed generator - set
is much larger than needed to sail at its nominal condition. Therefore the
gen set will work most of the time in an off -design condition, s o that the
SFC will be a higher.

The third aspect that will influence the fuel costs is that the aft ship of the

two compared barges is not the same. In order to accommodate the gen -
set in the aft ship, it must be adjusted so that the transom area will be

greater for the gen -set and hybrid propelled barge than for the battery -
propelled barge. Consequently, the independent sailing resistance of the

gen-set and hybrid barge is larger, resulting in higher fuel consumption

when the barges are sailing independe ntly.

The costs related to the new building costs of the barge (depreciation,

insurance and capital costs) are higher for the battery -propelled barge and
the hybrid barge. This can be understood by the fact that the new - building
costs are higher for those barges than for the generator -set - propelled
barge. The increase in new -building costs is almost completely
compensated for by the reduction in fuel costs of the battery -propelled
barge compared with the gen -set and hybrid -propelled barge.

The calculation s made were done with a fuel price of 600 EUR per tonne 3,

In figure 8.5 the same costs calculations are made but now with a fuel price
of 1,000 EUR per tonne so that the influence of the fuel price can be
determined.

Figure 8.5: 1 nfluence battery - or gen set propulsion on the transportation costs

influence Batt/GS propulsion barge

€60,00 - Waterway costs
5 €50,00 -—- - moverhead
i
E €40,00 BCosts_crew_logistics
a €30,00 ODepreciation
I OCapitial Costs
% €20,00 -
0 Olnsurance
(&)
€10,00 OR andM
€0,00 . . BmCrew
Batt GS Hybrid BFyel

Propulsiontype

Note: 2009 values

From figure 85 it can be concluded that the difference in total
transportation cost of the different propulsions systems is rather small. As
such, the influence of the fuel price on the select ion of propulsion system on

37 2009 value
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the barge is not large. However, by increasing the fuel price the battery
propelled barge becomes more competitive compared with the other
barges. The transportation costs per TEU are now 5% lower compared to

the generator
barge.

-set-propelled barge, and 6% lower than the hybrid

-propelled

Accordingly, the barges will be propelled with a battery pack in the double
bottom of the barge. However, if that solution is too much of a technical
challenge, the other alternatives could als

0 provide suitable options.

The last parameter to be investigated is the influence of the coupling time
on the total transportation costs. If a reduction in coupling time has a
serious impact on the transportation costs, a new coupling system could be
im plemented (see chapter 7.2).

In table 8.5 the total transportation costs are mentioned for the situation
that the coupling time is %2 hour (normal case) and ¥ hour (new coupling
system). The costs are an average of the three different waterways.

Table 8. 5: | nfluence coupling time on transportation costs (EUR/TEUV)
1 Barge 2 Barges 4 Barges
1/2 hour 1/4 hour | 1/2 hour 1/4 hour | 1/2 hour 1/4 hour
Fuel [EUR/TEU] 6.13 6.13 5.06 5.06 3.10 3.10
Crew [EUR/TEU] 1533 14.55 12.48 1152 12.84 1132
R&M [EUR/TEU] 4.06 4.06 2.96 2.96 247 247
Insurance [EUR/TEU] 5.40 5.40 4.67 4.67 4.87 4.22
Capital Costs [EUR/TEU] 6.23 6.23 5.39 5.39 5.62 4.88
Depreciation [EUR/TEU] 13.49 13.49 1167 1167 1217 10.56
Costs crew logistics | [EUR/TEU] 1.50 1.50 1.50 1.50 150 150
Overhead [EUR/TEU] 1.79 1.79 4.71 4.71 1.03 0.90
waterway costs [EUR/TEU] 0.31 0.31 0.31 0.31 0.31 0.31
Total [EUR/TEU] 54.24 5347 48.75 47.80 4392 39.26
Difference [%] 1.44% 1.97% 10.69%
Note: 2009 values
Table 8.5 implies that reducing the coupling time per barge from ¥ hour to
Y hour will have small influence if only one or two barges are coupled into
one convoy. But if the convoy size is increa sed to 4 barges, the reduction in
coupling time will have a large impact (decrease of 10.7%) on the
transportation costs. This decrease is due to a reduction in transpo rtation

time (2 hours per trip (Ya*4 *2)) so that more trips per year can be made

(from 2 16 to 249 per year), which will lead to a reduction of the fixed costs

per TEU. The time that the crew on the tug will work per trip will also be
reduced (2 hours per trip), which will de crease the crew costs per TEU.
Thus, it can be concluded that impleme nting the new coupling system is
useful if the barge train is built up of 4 barges (see also chapter 7.3) and if

the coupling time can be reduced from ¥ hour to % hour.

But the new coupling system does not exist yet, it is very difficult to
determine the reduction in coupling time. Therefore, in the rest of this
thesis the coupling time will be kept at %2 hours per barge.
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The savings per year  for the 4 barge option , if the coupling time is reduced

to ¥ hours, is 01217 ,965 per year ( 04.66 ( 4392 - 039.26 ) per TEU times

46,771 TEU). If a discounting factor of 4% is used and if the life -time of the

small barge system is 20 years, the total savings in 2009 values are

a2,960, 000. The new system mu st cost | ess
(development, instaling and 20 yea rs maintenance) and reduce the

coupling time from % hour to ¥ hour, in order to be justified. These

maximum coupling unit costs are the total costs. In the 4 barge convoy to 3

different waterways option, in total, 24 barges are deployed. Therefore, in

tota |, 25 *¥ coupling systems are needed so that the maximum allowable

costs per coupling system are 0118,500 (2009 va

8.4 Preliminary conclusion

This chapter has developed the transportation cost models of the small tug

and barge system. This cost model use the input from the network model
and design model and will also provide, among the external cost and
network model, data to a generalized cost model.

From the transportation costs model it can be concluded that the
transportation costs will reach a minimum around a convoy speed of 12.5
km/h. It can also be concluded that there is only a small variation in the
transportation costs if the speed of the tug and barge convoy is increased

from 9 km/h to 13 km/h.

If the propulsion system of the independent saili ng barge is researched, it
can be concluded that the overall transportation costs are slightly lower for
the battery propelled barge than for the gen set -driven barge (2.7%) and

the hybrid barge (3%).

| f the fuel price per tonne WU3000ncriemseadanf ben
concluded that the difference in total transportation cost of the different

propulsions systems is still rather small. However, by increasing the fuel

price the battery -propelled barge becomes more competitive compared with

the other barge s. The transportation costs per TEU are now 5% lower,

compared to the generator -set- propelled barge and 6% lower than the

hybrid -propelled barge.

Consequently, the barges will be propelled with a battery pack in the double
bottom of the barge. However, if that solution presents too technical a
challenge, the other alternatives could also provide suitable options.

The last parameter researched is the implementation of a new coupling
system. It can be concluded that reducing the coupling time per barge
from ¥ hour to % hour will have small influence if only one or two barges

are coupled into one convoy. But if the convoy size is increased to 4 barges,
the reduction in coupling time will have a large impact (decrease of 10%)

on the transportation costs. | t can thus be concluded that implementing the
new coupling system is useful if the barge train is built up of at least 4
barges and if the coupling time can be reduced from %2 hour to ¥ hour.

824 barge +1 tug
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But the new coupling system does not exist yet, so it is very d ifficult to

determine the reduction in coupling time and the cost of the new system.

Therefore, in the rest of this thesis, the coupling time will be kept at %

hours per barge and an existing coupling system will be used. If the

maximum costs per coupling system is |l ess than 0118,500
investment in such a new system is justified if a 4 -barge convoy needs to

be formed on the large waterway and if the coupling time is reduced from

% to ¥ hour.
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9. External costs

9.1 Introduction

In this chap ter the external costs of the small barge convoy system will be
calculated. These external costs are the costs that are caused by the small

barge convoy system to a third party and for which it does not pay. These

external costs will be determined by air g uality costs, CO ,-costs, accident
noise -cost and congestion costs. In figure 9.1 the position of the external

costs calculations in the total model is given.

Figure 9.1: Position of the  external costs determination in the model
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9.2 Justification of external costs

The reason why the external costs would be internalized is that the
transport user is confronted with the entire social costs that he is causing.
Only when the external costs are internalized, can the transport user make

the right decision (Blauwens et.al ., 2008). In other words: is the transport
user (cargo owner) willing to pay more money for a chosen mode or is he
willing to switch to modes that have fewer external costs?

The effect of not internalizing the external c osts can be found in figure 9.2,
where the marginal social costs (Msc) and the marginal private costs (Mpc)

are indicated. Figure 9.2 shows that the Msc are higher than the Mpc. The
transport provider, who does not have an incentive to include the external
costs, can offer a price which is lower than when the external costs are
included. As a result, the market equilibrium is not reached at C, but at M.

The overproduction M -C causes a welfare loss equal to the shaded area in
figure 9.2.
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Figure 9 .2: Overview of the market and social equilibrium
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Costs
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C M Transportation quantity

Note: Blauwens et.al ., 2008 p. 382

In figure 9.3 the Msc and Mpc of two different modes (road and inland
navigation) are given.

Figure 9.3: Overview of the Msc and Mpc of two different modes
Price
Costs
4 Demand

Msc_ROAD

Area Il
Msc_Inland_NAV

_ Mpc_ROAD

>
C cdMO  Transportat it
Source: own composition ansportation quantity

Figure 9.3 shows that the Msc of inland navigation are lower than the Msc

of the road transport (CE Delft, 2004 and see also section 12.2 for the
external costs of road transportation and inland na vigation). Consequently,
a big part of the total welfare losses (total shaded area) can be reduced
(shaded area 1). Even if the Msc is higher for road transport, for inland
navigation a transport user may still be opting for road transportation. In

that ca se the transport user is willing to pay more if he believes that the

extra costs are worthwhile (Blauwens et.al. , 2008). This condition could be
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fulfilled in the case of higher flexibility or reliability of road transport. The
next chapter about generalize d costs will deal in more detail with those
non - monetary cost components.

9.3 External costs components
The external costs of the concept and the competitive modes will be

calculated on the basis of the following components taken from Blauwens
et. al. (2008):

Congestion costs
Infrastructure costs
Environmental costs:

- Air quality costs

- Climate costs

- Noise costs
Accident costs

9.3.1 Congestion costs

The first cost component is the marginal congestion cost. This cost
represents the h indrance of one additional ship (or other transportation
unit) to the other. Because an additional transportation unit is imposing
costs to another, it can be regarded as an external cost. The congestion

costs consist mostly of time costs and an increase i n fuel costs: an
additional transportation unit on the existing (and limited) infrastructure is
causing others to lose time and it will lead to more stop -and-go traffic,
which will increase the fuel consumption (Blauwens et. al. , 2008) .

The total inland w aterway network does not have capacity problems.
However, some bottlenecks occur at locks. If the number of ships passing a

lock is higher than the number of ships that can be handled by that lock, a

gueue will start to be formed. Besides lock capacity, th e availability of
sufficiently deep water levels to operate all vessel types is a problem,
particularly in summer time. Based on the Low Water Surcharge, which has

to be paid on the river Rhine when water levels fall below a certain value,

scarcity costs could have to be paid (CE Delft, 2004).

For the small -barge convoy system there is not a lot of congestion to be
expected on the small inland waterways (see part | for reduction of small

inland fleet). There is enough capacity left on the inland waterways, so that
the small barge convoy system are unlikely to face infrastructure
considerable capacity problems on the small inland waterways. Only at the

locks on the main large waterways can congestion occur. On the large main
waterways all the inland ships ar e sailing (small, medium sized and large).

So, the number of ships having to pass the locks on the large waterways is

higher than on the small ones, where only small inland ships can sail.

In order to determine the increase in total service time to pass a lock, the
locks on the large waterway will be modelled as an M/M/1 queue model.
This is a queue model with an exponential arrival distribution of the ships,
an exponential distribution of the service distribution and with a single
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server. The total wait ing at a lock can be determined with the following
formula:

w=—1 0.1)
m

W = waiting time [h]

T = handling rate (¢sliipshlhe | ock

I = arrival rate [ships/h]

In 2009 28,150 ships have sailed on the Albert cannel i n Flanders (NV de

scheepvaart, 2010). All these ships have to pass the locks on the waterway.

The small barge convoy system will add an additional 15 0 passages per

year (based on 83 departures to 3 different waterways) to the grand total

of ship movements  through those locks. Then the total number of ships is
increased by 0.5%. The arrival rate of ships will also increase by 0.5%. We

are interested in the increase in waiting time caused by the increase of the

small barge convoy system. The difference in wai ting before the addition of
the new concept and the waiting time when the barge convoy system is
implemented will yield the increase in waiting time. The handling rate of the

lock will be considered constant. Therefore the increase in waiting time is

equal to:

1 L e 0005 0005 ©2)

DW=W, -W,
C 1.00:

| = 1
m-1.005/ m [/ 77 1.005

W, = waiting time before addition of small barge convoy [h]
W, = waiting time after addition of small barge convoy [h]

m
C = constant = /— [-]

As stated earlier, in total 28,150 shi ps sailed in one year on the Albert
canal. If the locks are operated 250 days per year and 16 hours per day, on

average 7 ships per hour will arrive. On the Albert cana | 6 lock complexes
are placed. Each complex has 3 locks which on average can accommodate 6
ships *°. The handling rate of a lock was set at ¥ hour (see chapter 6) so

that, on average, the locks can handle 12 ships per hour. Then the increase

in waiting time will be equal to 0.7%. The increase in waiting time is 0.21

minutes (=13 seconds) per lo ck complex. The increase in the total
transportation time will be rather small and therefore also the inc rease in
transportation costs. Thus it can be concluded that the marginal congestion

costs of the small barge convoy can be neglected, s o that these co sts are
setat 00/ vehicle kilometre.

9.3.2 Infrastructure costs

The second costs component is the marginal infrastructure costs. These

costs are determined by the wear and tear on the infrastructure (road, rail

or inland waterway) caused by an additional user of tha t infrastructure. The
general maintenance costs of an inland waterway are considered not
dependent on the number of ships sailing on the waterway ( CE Delft,

39 Based on available dimensions of the locks (2x 136 by 16 and 1x 200 by 24) and the
dimensions of the average ship (see figure 3. 4) (L=85m,B=9.5m)
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2004) . If the number of ships sailing on the waterway increase , the costs of
maintaining the waterw  ay are not increased. The reduction of water -depth
of the waterway depends on passing of time and not on the number of ships

passing through. It can even be considered that the water -depth is
maintained if a lot of ships are sailing on that waterway. As a result, the
marginal infrastructure costs can even be negative (there will be a
reduction in maintenance costs of maintaining the water depth of the
waterway). The banks of the waterways could be damaged more if more

ships are passing. However, a lot of ca nals have concrete water banks, so
that the deterioration of those banks is not influenced by the passing of
ships.

If user -dependent maintenance costs of inland waterways are considered,

those costs are dependent on management costs, such as lock guards,
waterway police, etc. But those management costs can also be considered

not directly dependent on the number of passing ships on the specific
waterway. If a lock has to be operated for 24 hours a day, those costs do

not increase by more passing ships thro ugh that lock. Only if the number of
passing ships is reduced very much, the locks may not be operated for 24

hours per day. The locks itself do not need more maintenance either if

more ships are passing. Only the moving parts of the locks are effected an d
not the lock door itself for instance.

Therefore the infrastruct ure costs ar e esQvehckkilentketret o be U
9.3.3 Environmental costs

A third cost component consists in marginal environmental costs. These

costs are built up of noise and emiss ion costs. The marginal noise costs due

to maritime shipping and inland waterway transport are assumed to be

negligible, because emission factors are comparably low and most of the

activities occur outside densely populated areas. For that reason, noise

costs of shipping are not taken into account (CE Delft, 2008). For the small

barge convoy system the noise level can even be reduced in comparison

with Anormal 6 inland shipping because the barge
engines which produce less noise. T herefore, for the transportation of cargo

on the small inland waterways the noise level will be reduced. Thus the

tot al noise costs of the smal.l barge system wil
shipping and so these costs areiem®mmesi dered to b

The climate costs are calculated bottom -up for the small barge convoy
system. In the design model the selection of the engines is based on the

design requirements (sailing at 13 km/h with 4 barges for instance). When

the engine types are known, also the fuel consumption of the engines is
known and, based on the selected design and network of the small barge

system, the amount of consumed fuel and produced emissions can be
calculated (see section 7.4.11). The air quality and climate costs are base d
on the monetary costs of one kilogram produced substance which will be

taken from table 9.1.
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Table 9.1: A ir quality and climate costs per weight unit (2020 projection)

Air quality Climate
CO SO, NO PMyo CO,
[EUR/Kg] | [EUR/Kg] | [EUR/Kg] | [EUR/Kg] [[EUR/tonne]
0.0008 6.38 1.328 103.49 25

Source: Arcadis et.al. 2009

The amount of fuel used for the small barge system is already calculated in

order to determine the fuel costs (7.4.11). The composition of the fuel is
known, so that it can be determined h ow much emissions there will be
produced.

Because the marginal environmental cost of the small barge system will be
influenced by the chosen network and by the design specifications of the

used tug and barges, no 6general 6 environmen

constructed. All the environmental cost will be calculated for each design.
9.3.4 Accident costs

The last cost component that is taken into account is the marginal accident

cost. These are the costs that an additional ship is imposing on others on

the i nland waterway network. The external accident costs are those social
costs of traffic accidents which are not covered by risk -oriented insurance
premium . The level of external costs does therefore not only depend on the

level of accidents, but also on the insurance system. The most important
accident cost categories are material damage, administrative costs, medical

costs, production losses and the risk value as a proxy to estimate pain, grief

and suffering, caused by traffic accidents in monetary values. M ainly the
latter is not covered properly by the private insurance systems (CE Delft,

2008).

The marginal accident costs can be calculated with the following relation
(CE Delft, 2008):

EAC = ACQigures 'COSt§ccident 'EX;al (93)
EAC = External accident cost s [EUR]
ACCrgues = Accident figures [veh]

COStS accident = UNIt costs per accident [EUR/veh]
Ext,at = percentage of the costs that can considered to be external [%0]

In CE Delft (2008) no figures were found for calculating the external

accident costs of inland navigation, so that t hese cost s welr e set
Ivehicle kilometre. In Arcadis et.al. (2009) the marginal costs of accidents

caused by i nland ships W®&MWHvehicla k-&ilometeet Beaause

the small barge convoy will not cau se more accidents than the other inland

ships,themargi nal acci dent c o 90001 ehick kilsneetre. at U

9.4 Summary

As stated in section 9.3.3, the model only allows calculating the
environmental cost for a concrete network and tug and barge de sign.
Therefore an example calculation will be made. The input parameters are
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again the same as previously stated in tables 7.5 and 7.9 with some
additional input values given in table 9.2

Table 9.2: O verview of the additional input parameters

Input parameter Value
Nparges Per waterway 2
Vconvov 3.5m/s

In this example the designed tug and barge system will be sailing in a
convoy of 2 barges. The speed of the tug and barge convoy is set at 3.5
m/s and the barges are equipped with batteries (see section 8.3).

In figure 9.4 the external costs per TEU are given per route as well as the
total transportation costs.

Figure 9.4: E xternal and transportation costs per TEU

transport and external costs
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Note: 2009 values

In figure 9.5 the transportation and external costs per tonne are gi
From those figures it can be concluded that the external costs are much

smaller than the transportation costs (14% of the total costs per TEU and
17% per tonne).
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Figure 9.5: E xternal and transportation costs per tonne
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All the ex ternal costs are almost completely determined by the marginal
environmental costs and only by a small part by the marginal accident
costs. The total external costs are therefore influenced by the design of the

tug (speed and number of pushed barges) and th e chosen network (covered
distance).
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10 . Generalized costs

10 .1 Introduction

In this chapter the generalized costs of the small barge convoy system will

be calculated. These costs, among other parameters, will be used later on

in this thesis to determine the competitiveness of the small -barge system
towards the other modes (chapter 11). The generalized costs of the small

barge system will be minimized, so that the most competitive price can be

offered or that the profit margin would be maximized. In figur e 10.1 the
position of the generalized costs model is given.

Figure 10.1: Position of the  generalized costs model in the total model
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From figure 10.1 it can be concluded that, in order to calculate the
generalized cost, the trans  portation and external costs per TEU (or tonne)
must be known, as well as some logistical data such as the total
transportation time. In this chapter the components to determine the
generalized costs of the small barge convoy will be elaborated further on.

The generalized costs consist of the out -of - pocket costs, the external costs
plus the value of time of transporting cargo with the small barge convoy
system and the costs of reliability and flexibility. The generalized costs can

be calculated with formu  la 10.1.

GC =TC +CHC+ EXT + ITl + REL+ FLE (10.2)
GC = Generalized costs [EUR/TEU or tonne]

TC = transportation costs (chapter 8) [EUR/TEU or tonne]

CHC = Cargo handling costs [EUR/TEU or tonne]

EXT = External costs (chapter 9) [EUR/TEU or ton ne]
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ITI = in transit inventory costs [EUR/TEU or tonne]
REL = Reliability costs [EUR/TEU or tonne]
FLEX = Flexibility costs [EUR/TEU or tonne]

10 .2 Cargo handling costs

The first part of the generalized cost is the transportation costs , which were
already determined in chapter 8. The second cost component , which will be
incorporated in the generalized costs , Is the cargo handling cost

These costs are the costs made by the transportation firm for loading or
unloading a container or bulk cargo fro m a barge in a seaport or inland
terminal. The costs of a container moved to or from a deep -sea vessel are
incorporated because these costs will be made anyway, regardless of the
chosen transportation mode in the hinterland. The container handling costs

are then the costs to unload a box from deep -sea ships and to move it to
the stack. From the stack (and an average dwell time of 3 days) the box is
collected and it will be placed on a barge, train or truck. The costs related

to lashing the containers and to removing hatch covers are incorporated
into the freight rate and not in the terminal handling costs (EC, 2009). In

figure 10.2 an overview is given of what is incorporated in these container
handling costs.

Figure 10.2: O verview of container handling cos ts

Container Handling Costs

Deep-sea
shipping Move from
ship to quay
———— W Move from quay  Move from stack to

| to stack barge, train or truck

7\ il T

Source: own figure based on CBRB , 2003

These container handling costs can differ a lot. Unloading a container in a

seaport can be charged at 070 (Konings, 285 {Gelrits, QD7) t 0 U
(2003 wvalues) per -bdofwrethe mthar sontaingrdcall costs

(Gerrits 2007) (2003 values). Thus the total container handling costs in a

seaport will be equal to 85 to 100 EUR per container. In EC (2009 ) the CHC

in the port Antwerp in the year 2008 varied bet
The range in container handling rates is quite large and therefore difficult to

determine. The CHC will normally be negotiated between shipping lines and

container terminals. However, for inland ships the negotiation power is very

limited, due to their | imited amount of containers that will be handled, so

that the costs will be higher than the average costs for deep sea liners. In
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this research therefore, a container handling cost of
used for the further calculations.

Handling a container in an inland port
etal. (2006)thehand | i ng costs of
us ed aldaraach stacker is used. The cost
are uo0.80

tonne of bulk cargo have to be indexed with index
concluded that there is an important difference between the handling costs
of cont ainers and bulk material.

10 .3 1In

-transit

inventory

costs

0100 (2009 value) is

can

158, Imkorirgs

for

a l&ifoangangryi crameris ar e
s for loading bulk material

B'e(2007 tvadue)n e The costs for loading and unloading a

2007 (+3.6%). It can be

To incorporate time effects of transporting cargo with different modes, the
in-transit inventory costs are also
costs are estimated as the willingness to
transportation time (VoT). This VoT (Value of time) is approximated as the

daily loss on capital for the receiver of the cargo in transit. The in

added to the generalized costs. These
pay for a reduction of one day in

inventory costs can be calculated with the following formula.

ITC = VOT.(t+tdwe")
VoT = Value of time

t = time needed to complete a shipment

t_dwell = dwell time of cargo

-transit

(10.3)

[EUR/TEU/day or EUR/tonne/day]
[day]
[day]

The VoT per TEU and tonne are adapted from Dekker (2005); they are
giv en in the table 10.1 and are based on an interest rate of 15% per year.

Due to the different commodity types and values transported with the
containers, there is a large spread in the values of VoT.

The dwell time of cargo will be the time that a contai

stored at a terminal in a deep
time is needed because, when the deep

ner (or a bulk cargo) is

-sea port (or at an inland destination). This
-sea vessel arrives at the deep

port, the inland transportation modes are not always present at the same
time at t hat terminal. Therefore the cargo has to be stored a few days (3
days in Rotterdam and Antwerp, Gerrits, 2007) before the cargo is moved

again.

Table 10.1: D ifferent VOT values of the two commodity
Commodity type VOT VOT
[EUR/TEU/Day]|[EUR/tonne/day]
Containers
NTSC (1) 8.44 -
NTSC (9) 75 -
NTSC (0,2,4,5,7,8) 8.73 -
Bulk
NTSC (6) - 0.02

Source: RAND, 2002

40 Thjs figure is given by a transport expe
41 N.V. de scheepvaart 2007 estimation

rt and is valid for 2008
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Chapter 10: Generalized costs

For each developed network, tug and barge design in the total model, the

total transportation time of a commodity type, from loadin g in a seaport
terminal to unloading at the destination at the small inland waterway, is
determined (see chapter 6). So that the in -transit -carrying costs per TEU or
tonne can be calculated for the small barge convoy system.

10 .4 Reliability  costs

The n ext parameter in the generalized costs is reliability. Reliability can be
interpreted as the probability that a transportation mode is not capable of
delivering the transported cargo on time. This can either be too late or too
early. The receiver, in the h interland, experiences as total delivery time the
time that is needed to transport the cargo from the seaport to their
company. This is the dwell time of cargo in the deep seaport plus the time

that is needed to transport the cargo from the seaport to the final
destination (including the congestion time). Reasons for unreliability can be

due to either logistical problems (unexpected congestion, cargo not
available, etc.) and/or mechanical problems of the transportation
equipment. In figure 10.3 the two diff erent parts of the total experienced
transportation time are given.

The congestion costs of the cargo in the seaport will be determined by the
dwell time of the cargo on the deep sea terminal multiplied by the value of
time of the cargo plus the costs cau sed by the variance in the dwell time.
This variance will lead to a large spread of delivery times, which will affect
the logistical process of the receiving companies and therefore the costs. In

relation 10.4 the reliability costs in the deep sea terminal are calculated.
RELyyer = VOT 4y @ + LOG o VARt e (10.4)
REL_dwell = reliability costs du e to dwell time [EUR/TUE or tonne]

U average increase in dwell time due to unreliability [%6]

LOG..sts = logistical costs for receiving companies [EUR/day]

VAR(t gwen ) = variance in dwell time [days]

The extra transportation time, due to congestion during the actual
movement of the ¢ argo, will increase the transportation time and therefore
the in -transit inventory costs. Also, due to the increased transportation time
and dwell time, the level of safety stock increases. With the next relation
the reliability costs are calculated.

161



Chapter 10: Generalized costs

Figure 10.3: O verview of different  parts to determine unreliability

Seaport
Deep sea
Terminal
Dwell time Road haulage Dwell time inland navigation
Hinterland
Road haulage Inland navigation
Road transport time Inland navigation time
Road congestion time
v VL
Inland destination
Source: own composition
REL, ., = VOT.t/m+ LOG_,.VAR(t) (10.5)
RELyiner = reliability costs hinterland [EUR/TEU or tonne]
W = average increase in tra nsportation time due to unreliability [%6]
Then the value of reliability (VoR) could be calculated with:
VOR = REI‘dwell + REI‘hinter (106)

It is very difficult to determine (quantify) the value of reliability in general

for cargo transpor tation (RAND 2004, RAND 2005). It is also not possible to
determine the different variations in dwell times and transportation times
for the small barge convoy system.

Therefore it will not be possible to calculate the value of reliability for the
small barge convoy directly. In chapter 12 another approach will be used to
determine the value of reliability indirectly.

If the developed barge convoy is considered, no capacity problems on the

small inland waterways are expected. Blocking of inland waterways and
locks hardly occur. On the large waterways some delays could be expected

at the locks, due to increase in shipping movements and ship size. The

small barge convoy the barges will also have a loading and unloading
window, which can also be used to deal with delays in a seaport. If a barge

has a time window of 3 days to be unloaded and loaded again, a delay in

the seaport of 1 day does not affect the departure time of the barges and

therefore the barge convoy system could be considered reliable, so that the
costs of reliability will be lower than road transportation.

10.5 Flexibility cost

The flexibility cost for small barge convoy system is really difficult to
determine. Because of the characteristics of the small barge convoy system
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(fixed departures  at fixed waterways), it can be expected that these costs
can be rather high. If there is a lot of volatility in the cargo flows which
cannot be predicted, this will be very difficult for the small barge system to
deal with. So, if a company wants to ship a dditional cargo within a very
short time, the small barge convoy system cannot cope with those changes
because more barges are needed than there are available. The concept
could be very reliable because of the fixed sailing regime, but due to the
set-up of the system (fixed departures from fixed waterways), the flexibility
will be low and therefore the costs will be high. These costs cannot be
calculated directly either and therefore these costs will be determined
indirectly in chapter 12.

10.6 Preliminary conclusions

In this chapter the generalized costs of the small barge system were
determined. It was not possible yet to determine all the costs components
(REL and FLEX). As could be seen in figure 10.1, the generalized depend on

the chosen network, the design of the barges and tug and the
transportation and external costs. For this reason the same example
calculation as in chapter 9 will be made (input parameters of table 7.5, 7.9

and 9.2). In figure 10.4 the generalized costs are shown per TEU.

Figure 10.4: G eneralized costs per TEU

Generalized costs per TEU
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From figure 10.4 it can be concluded that the biggest part (60%) of the
generalized will be determined by the handling costs of the containers. Also

the in -transit -inventory costs add a considerable cont ribution to the
generalized costs (6%). So 66% of the generalized costs are determined by

costs that cannot (or only marginally) be a ffect by the small barge system.

It is therefore necessary that the deep sea container terminals are
incorporated in the im plementation of the small barge system. The
implementation of the small barge system could also be beneficial for the
container terminals by reducing the number of calls with a small amount of
containers (see chapter 6.3).

In figure 10.5 the generalized c osts per tonne cargo are presented.
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Figure 10.5: G eneralized costs per tonne

Generalized costs per tonne
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Figure 10.5 shows that the generalized cost per tonne are predominantly

determined by the transportation and external costs (66%) and not by the
cargo handli ng or in -transit -inventory costs (33%). The influence of the in -
transit -inventory costs are marginal for bulk cargo (<0.5%) due to the low

value of the transported cargo type, which will result in a low VoT.
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11 . Net present value calculation

11 .1 Introd uction

In this chapter the net present value, of investing in the SBCS, will be
determined. T his NPV is also the output of the model. In order to determine
the NPV also the total income of the SBCS needs to be known . These

earnings will be determined by the utilization rate of all the barges and the
transportation price. In this chapter also the way how the se utilization rate
and transportation price are incorporated in the NPV calculations is
explained. In figure 11 .1 the position of the price determinat ion model and
the output of the total modal are shown.
Figure 11.1: Position of the  output and price model in the total model
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The first part of this chapter will deal with the calculation of the cash flow of

the small barge convoy system. The second part will deal with the
calculation of the IRR and the NPV . The third section will deal with the
investment decision criteria. The last section will give a summary of this
chapter.

11 .2 Cash flow statement

A cash -flow statement will be made in order to determine the IRR (and the
NPV). This cash -flow statement will be based on the earnings and the
different cost components mentioned in chapter 8. As the occupation rate of

the barges is not known a priori, a utilization rate has been assumed (see
chapter 5 and chapter 13 ). From the assumed utilization rate and the
number of deployed barges and the transportation price, the earnings can

be calculated.
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In order to determine the cash -flow, a cash -flow calculation will be made.
In table 11 .1 the calculation method can be found.

Table 11 .1: C alculation of the free cash flow

Earnings 1
Operational costs 2
Insurance 3
Overhead 4
EBITDA 5=1-2-3-4
Depreciation 6
Operational result 7 =5-6
Interest costs 8
Result before tax 9=7-8
Tax (25.5%)% 10
Result after tax 11 =9-10
cash flow 12=11+6
payback loan 13
Free cash flow 14 =12-13

In this calculation there are two unknowns: the occupation rate of the
barges and the profit margin. As can be seen in figure 11.1 an initial

occupa tion rate will be determined in order to start the calculation (se e also
chapter 5). In chapter 13 (competition modelling) will further explain how

the occupation rate will be determined via an iterative relation. In the same
chapter also the determination of the transportation price will be further
explained.

The earnings are related to the transportation price per TEU (or tonne). The
transportation price is determined by the total costs per unit plus a profit

margin.  This profit margin is a variable that is dependent on the
competition of the other modes and it will be determined in such a way that

a competitive price can be obtained (see chapter 13 for completion

modelling).  Furthermore, the earnings are , as mentioned before, also
dependent on the occupa tion rate of the barges. A low occupation rate will
therefore lead to lower earnings and th erefore a lower free cash flow . With

formula 11.1 the total revenue per year can be calculated.

EAR = a a (TP'OC%te_barge 'CAFl))arge (11-1 )
NTrips NBarges

EAR= earnings perye ar [EUR]

TP = transportation price per barge [EUR/TEU or tonne]

Ngages = NUMber of barges in the system [-]

Nrips = number of trips per year [-]

OcCCrate barge = OCCUpation rate per barge [%0]

Cappage = loading capacity of the barge [TEU or tonne]

The transportation price can be calculated with formula 11.2

42 Corporate tax rate in the Netherlands
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TP = (TC + OC).(1+PM (11.2)
TC = total transpo rtation costs (see chapter 8) [EUR/TEU or tonne]

OC = Overhead costs  (see chapter 8) [EUR/TEU or tonne]

PM = prof it margin [%0]

The overhead costs per year are divided by the total amount of transported

cargo per year in order to determine the costs per TEU or tonne. The PM
will be determined in such a way, that a price will be obtained , that can
compete with the ~ SBCS competitors. More on the determination of the PM

will be given in chapter 13. It can be possible that the PM becomes smaller

than zero (heavy competition or high cost of the SBCS for example) . This
means that a loss will be made. This will result in a negative NPV and
therefore also in a negative investment decision (see also section 11. 3).

This costs plus pricing method has three main advantages over the profit
maximizing rule MR = MC (marginal revenue = marginal costs) (Lipczynski,
Wilson and God dard, 2005).

1) Itis easier to implement because less information is needed. For the
costs plus profit approach, only the average costs function needs to

be determined, along with the size of the mark -up, while for the
MR=MC rule the MC, MR and demand func tion are needed to be
known.

2) The costs plus pricing approach will lead to greater price stability. For
the profit -maximizing rule the price should vary with changes in
demand.

3) The costs plus pricing method appeals to a sense of fairness: in
determining i ts mark -up, the firm can claim to allow for a reasonable
profit margin, rather than the maximum profit. Price changes can be
attributed solely to changes in costs, rather than fluctuations in
market demand.

The statements presented here can be made becaus e the AVC (average
costs) are quite stable for a given network design of the small barge
system. Only when the several options are calculated (for instance 2 barges

per waterway or 4), is it necessary to know the demand function to
determine the price. If a specific design has been made, it is safe to use the
costs plus pricing method to determine the transportation price.

Price stability can also be obtained because almost all the costs components

are stable over a given period (crew costs, payback of the loan, insurance,
etc.). Only the fuel costs can vary quite considerably in a relative short

period. The fuel costs are not the most dominating cost for the small barge

system (see chapter 8), so that fluctuations in the fuel price will not lead to

large f luctuations in the transportation costs. Furthermore, a fuel price

clause can be added, stating that a fuel -price increase (or decrease) will be
paid for by the clients of the small barge system (or when there is a
decrease, they will get a discount). The cash -flow statement will be made

for the 20 years, all the operational costs such as fuel oil, crew costs being
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indexed with an inflat

correction has been applied to the earnings.

ion rate of 1. 8% * per year. The same inflation

In table 11. 3 the cash flow ¢ alculation is based on the input parameters

stated previously

in tables 7.5, 7.9 and 9.2. The additional

parameters are added in order to make the calculations are

input

given in table

11. 2.
Table 11.2: Input parameter
Input parameter Value
Fin. Structure 20%equity / 80%loan
Inflation 1.8%
Profit TAX 25.5%
Table 11. 3: Cash flow statement (all figures in base year)
YEAR O YEAR 1 YEAR 2 YEAR 3 YEAR 4
Fixed costs ua 780, a 761, 0 754, a4 747,
Interest ua 239, a 215, G4 203, U0 1663
pay back loan ua 260, a 260, 0 260, U4 260,
Insurance Index ua 130, ua 132, a 134, U 137,
Overhead Index a 150, a 152, 0 155, a4 158,
Depreciation ua 325, a 325, 0 325, a4 325,
operational costs ua 6,50 a 662, 0 674, 0 686,
Fuel (600 EUR/tonne) Index a 141, a 143, 0 146, 0 148,
Crew Index ua 375, a 382, u 389, U4 396,
Repair and Maintenance Index ua 91,7 a 93,4 0 95, ua 96, 8
Costs of crew logistics Index ua L1 U 42,6 0 43, U 44, 2
Earnings Index 1,45€¢€ ua 1,4820 1,50 a 1,53
EBITDA ua 525, a 535, a4 544, 0 554,
Operational result ua 200, a 209, 40 219, a4 229,
Result Before Tax -a 39, 2 -a 5,8t 0 15, a 37, 8§
TAX (25.50%) 0 a o0 a 4,0 ua 9,5
Result After Tax -0 39, 2 -0 5,8t 0 11, 0 27,9
Cash flow ua 286, a 319, a4 337, 04 353,
free cash flow ua 25, 8 ua 59,2 0 76, ua 93,
(Investment t=0) ua 1, 30

Note: Year 0 = 2009 values

With the data calculated in the previous table, a graphical output of the

cash flow can be made. This is indicated in figure 11.2.

4% The target inflation

research

rate of the ECB is below 2% so that a value of 1,8% is used in this
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Figure 11.2: G raphical output of the cash flow statement
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From figure 11.2 it can be concluded that in the last year there is a big
increase in income. The rest value of the barges and tug is indeed added to

the free cash flow. It is estimated that the rest value of the tug and barges

is 15% of the original new -building price. This  value can be adjusted. There
are now two different ways to calculate the NPV (and IRR 1), one based on
the equity perspective and one on the enterprise perspective. The NPV
(IRR) based on the equity perspective will be calculated over the free cash

flow for the upcoming 20 years (Higgins, 2007), in which 2009 will be the

base year. If the NPV will be based on equity, also the risk of the financing
structure must be taken into account in determining the appropriate
discount rate. The higher the leverage, the higher the discounting factor
(and also the IRR) should be. The NPV can be calculated with the following
formula:

¢ Cash Flow(t)J

NPV =3 11.3
g) [ (L) (11.3)

Cash Flow (t) = cash flow in year t [EUR]

t =year [Year]

r = discounting fac  tor [%0]

n =maximum life span of the investment (20 in this case) [-]

In figure 11.2 the IRR of the free cash -flow is equal to 10%. It is up to the

decision of the investor (Investment Company) to determine the minimum
amount of IRR, so that the inve stment decision will be positive.

There are two ways of determining the discounting rate. First, there is the
discounting rate based on the government bonds. The government bonds
are (or at least were before the crisis of 2008) considered being safe and
therefore the return on government bonds can be considered a minimum
level of return. On average a return of 4% could expected (corrected for

4 The IRR is the discounting rate or which the Net P resent Value is equal to zero.
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inflation). The downside of applying this discounting rate is that the
opportunity cost of capital is not incorpor ated.

If the discounting factor reflects the expected return forgone by
withdrawing capital from the private sector, it will be called the corporate
rate of return. This rate is higher than the rate based on government bonds

and will include risk compens ation, and the tax rate that has to be paid
(Blauwens et.al. 2008).

In this research the corporate rate of return (costs of equity) will be used as

a criterion because the small barge convoy system wants to become a
profitable business. Therefore the tota | opportunity costs of capital should
be taken into account. The question is: how large should the corporate rate

of return be?

In order to determine the rate of return, the following reasoning is followed.

In 2009 the rate on government bonds in the Neth erlands and Belgium was
close to 3.5% (CBS , 2010). If the risk compensation is equal to 5%, the
nominal dividend should be 8.5%. The corporate tax rate was equal to
25.5%, resulting in an interest rate before tax equal to 11.41% (8.5 %/(1

0.225)). 2009 saw an EU average inflation of 1% and therefore the real
return should be equal to 10.3% (1.114/1.01). Consequently, a default
criterion of 10% is used in this thesis. In Deloitte (2009) it was found that

the return on invested capital was 7.9% in 2009. The 1 0% used in this
thesis is higher than the sector average. This is shown in figure 11.3. In

part Il of this thesis the influence of changing the level of costs of equity

will be further researched via a sensitivity analysis.

Figure 11 .3: A verage return on  invested and employed capital

Return on invested and employed capital

T2 20%
Q5
g3 15% N
= \

> 0 2 -
c = 5% _41*@&7
ERd
4 c‘és 0% . . . . .

2004 2005 2006 2007 2008 2009 2010

year

—e— Return on invested capital —=— Return on capital employed

Source: Deloitte , 2009

As mentioned before, besides the calculation of the IRR based on the free
cash flow (equity based), there is also the possibility to calculate the IRR
based on the enterprise perspective (Higgins , 2007). In the latter the total
investment will be considered (equity and debt) and not only the amount
equity needed for the investment. Therefore the free cash flow is not used,
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but the free cash flow plus the interest costs and yearly payback of the loan
(= EBITDA - TAX). When the enterprise perspective is used, the IRR must
not be compared to the opportunity costs of equity but to the weighted

average costs of
the WACC is given.

(1-TAX).D.Cer t+
D+E

C

‘equity *

E
WACC =

capital (WACC). In relation 11.4

the formula to calculate

(11.4)

WACC = weighted average costs of capital [%0]
TAX = tax rate (25.5%) [%0]
D = total debt [EUR]
E = equity [EUR]
Cinter = Interest costs (4.6%, see chapter 8) [%0]
Cequiy = €quity costs  (10%) [%0]

If the IRR based on the enterprise perspective is larger than the WACC, the
investment can be justified. The return on employed capital can also be
seen in figure 11.3. In 2009 this was 4.6% on average in the transport
sector.

In figure 11.4 the cash  -flow based ont he enterprise perspective is given.

Figure 11 .4: Graphical output of the cash flow statement
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Basically, using the enterprise or equity perspective should lead to the same
conclusion. It is just a matter of comparing the right crit erion to the
appropriate IRR. Normally the enterprise perspective could be considered to
be the easier way to calculate the investment because the risk

costs of equity can be ignored. Just the usual (non
equity can be used.

-adjusted
-risk adjusted) costs of
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11 .3 Investment decision criterion

In order to determine the minimum level of return of different  design
options of the small barge system the choice has been made to aim for a
minimum level of IRR (enterprise perspective ). Therefore the minimum
level of IRR must be larger than the calculated WACC, in which the cost of

equity is set to be equal to 10% (see formula 11.5)

IRR(1) 2 WACC(i) (11.5)
IRR(i) = internal of rate of return of design option | [%0]

WACC(i) = weighted aver  age costs of capital of design option | [%0]

If the IRR is used to rank different design options the use of the IRR has a
disadvantage because the IRR does not give insight in to the magnitude of
the return . Therefore it is better to use the NPV rule to ra nk different design
options. | f, for the determination of the minimum rate of return, a minimum
amount of NPV is set instead of IRR, the problem is that a priori the order

of magnitude of the NPV of a selected design is not known. It is easier to

setamin imum level of return interms of a percentage.

In the NPV investment criterion, an investment decision will be positive if
the NPV is larger than zero. If several different (network) designs options

are calculated, the following maximization relation wi Il be used (Blauwens
et.al. 2008, p.499):

n

max(Z) = NPV .x (11.6)
=1

NPV, = net present value design i [EUR]

X; = 1 if design is selected or 0 if not selected [-]

| = design options [-]

The formula in relation 11.6 indicated that one should invest in the design
that has the highest level of NPV. The minimum level of return in
incorporated in the net present val ue calculations by means of the

discounting factor r (see formula 11.3) which will be set equal to the WACC
(=minimum level of IRR). This means that if the NPV is larger than zero,

then also the IRR will be larger than WACC. The NPV (and thus the
investment decision)  will thus be determined by the minimum level of IRR

and by the maximum allowable earnings, which is determined by the
maximum allowable transportation price and utilization rate. The maximum
transportation  price and utilization rate are limited by the competitors of
the SBCS (this will be explained in chapters 12 and 13) . If the investment
budget if | imited, an additional criterion has to be applied:

n
acx ¢cC (11.7)
=1

C; = investment of design | [EUR]

C = maximum investment budget [EUR]

If there is no limit on the investment budget, relation 11.7 will no t be

applied and only the value of NPV will be used to rank the different designs
according to relation 11.6
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11.4 Summary

This chapter has described how the transportation price per TEU and tonne
will influence the earnings of SBCS and therefore also th e NPV. This chapter
also describes how the total NPV of the SBCS will be determined by a
required of a minimum IRR and by the maximum allowable transportation

price (earnings) under completion of other transportation modes. In the
next chapter this complet ion of the competitors of the small barge system

will be modelled.

In chapter 13 the competition model will be explained in which the

determination of the maximum transportation price and occupation rate of
the barges is explained
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12 . Competitor  mode lling

12 .1 Introduction

Besides the generalized costs of the small barge convoy system, the
generalized costs of the competing alternative modes are also important to

know because they will determine the maximum _ price that can be obtained

by the small ba rge convoy system . The competitors for the market where

the barges have to operate are trucking companies, trains and classic inland

ships. When a specific route for the barges has been selected, the
transportation costs of the competitors are also calcula ted. From the out  -of-
pocket costs and the time costs the generalized costs are determined. This
generalized costs approach is needed because the choice for a mode is not

only determined by the out -of-pocket costs, and therefore also non -
monetary costs comp onents such as the value of time costs (VoT) and the
reliability and flexibility costs (REL/FLEX) are to be taken in to account. In

figure 12.1 the sub -models are shown which will be dealt with in this
chapter.

Figure 12.1: P osition of the competitors in  the total model
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The first parts of this chapter will deal with the determination of the
transport and external costs of the competing modes. Moreover, the
generalized costs of the competing modes are calculated (supply of the
compe titors) (right side of figure 12.1)). The first competitor that will be
modelled is road transportation. The second part of this chapter will deal

with the modelling of classic small inland shipping. This chapter will
conclude with a summary.
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12.2 Roadt ransportation

The main competitors of the small barge system are road transportation
and classic small inland ships, which must be taken into account as well.
First, the transportation, external and the generalized costs will be
determined for road transp ortation.

12 .2 .1 Transportation costs

The transportation costs of road transport will be determined when a truck

has to drive fully loaded with bulk material from the selected origin (seaport

or inland company) to the destination, with an empty backhaul . The reason
for this assumption is that the truck will start its journey from the depot of

the transportation firm. From this location the truck will drive to the port to

load the cargo, from where the truck will drive to the client to discharge the

cargo . Then there are two options: the truck will either go back to the depot

of the transportation firm or will drive to the next client. In the last case a

part of the costs to drive to the next destination will be taken into account.

But because the distance  from the transportation firm to the port and inland
destination are not known, an d neither are the distance from one client to
the other, the known distance and travelled time, from the seaport to the

inland destination, will increase by (an assumed) 50% in case of bulk
transport (van Dorsser, 2004). If the truck transports containers, it is
assumed that the truck will take the empty container(s) back, so that there

is no distance (and time) between the previous trip and the new one.

The road transporta tion costs will be  built up from the following maj or costs
components:

- the covered distance
- the time needed to perform the transportation
- the fixed costs per day

The relation that will be used to calculate the transportation costs is given
in the nex tformula (Beelen et.al. 2008).

(DistanceA+ timeB +C t'imtleme )

C:OSt%oad_ haulage: Avallable 'IndeXZOOB (12'1)
CargQ:apacity_truck

Costs roap_HauLace = COsts per TEU for road transportation [EUR/TEU]
A=distance costs coefficient=0.35 (based on 28 tonne truck or 2 TEU) [EUR/Km]
B = time costs coefficient = 22 (based on 28 tonne truck or 2 TEU) [EUR/N]
C = day costs coefficient = 112 [EUR/day]
Distance = covered distance of road transportation [km]
Time = time needed to perform the transportation task [h]
time avaianie = time available per day set at 10 hours [h]
Cargo capacity_ruck = cargo capacity of the truck [tonne or TEU]
Index 2008 — 3. 6% [']

As the cost calculation dated from 2008, the costs must be updated to 2009
values. The index figure for road transportation is 3.6% be tween 2008 and
2009 (ITLB, 2010).
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The time that a truck will spend to transport its cargo to a given destination
is based on an average speed of the truck of 50 km/h. This speed is based

on the average speed as function of the travelled distance and a cong
parameter. For covered distances between the 50 and 100 km, the average
speed is 45 to 55 km/h (Van Dorser, 2004). So an average of 50 km/h is
taken for the further calculations. Furthermore, one hour extra time is
added to incorporate the time loss in the seaport where the cargo must be
picked up (or unloaded) (Beelen et.al. 2008). One hour is also added to
take care of loading and unloading the truck at the inland destination. If the
truck is transporting containers, these times are doubled becaus
empty container must also be loaded and unloaded at the seaport terminal.

estion

e the

12.2.2 Terminal handling costs

The terminal handling costs are set at the same level as for inland ships.

Loading orunloadingaconta i ner i n t he s e al@®pertcontainer. |
These costs are the same as for inland ships because the majority of the

costs are the same (unloading or loading a deep -sea vessel, moving the
container to the stack and loading the container to a land bas
transportation mode). In EC (2009) the terminal handling costs are all the
costs from receiving a container from a deep -sea vessel to placing it on a
land -based transport mode. In that study no distinction is made whether

the containers are transported via inland waterways, rail or road. Therefore

no large differences between the modes are expected. In Konings (2006)

the loading costs per TEU for barges is determined at 35 EUR in a deep -sea
terminal. In Konings (2010) 40 EUR per container move is used fo r the
calculation of the loading costs of a container on to a truck in a sea
terminal. It can be concluded that there is a small difference in actual

loading (and unloading) costs between road and inland shipping.

cost u

ed

Handling a tonne of bulk cargo is set at 00.80 (plus indexation) in a seaport
and at an inland destination. The handling costs of a container at inland
dest i nation are th#refore set at G

12.2.3 External costs

The external costs for road transportation are summarized in table 12.1,
where the ¢ osts are based on total costs per tonne -kilometre and vehicle -
kilometre (Arcadis et.al., 2009) . The same external cost parameters are
used as with the small -barge convoy system. In this thesis , a sector
average is used in order to determine the external co sts of road haulage.

Table 12.1: External costs per tonne kilometre in other modes (2020 projection)

Air quality

Climate

Accidents

Noise

Congestion

Infrastructure

[EUR/tonne*
km]

[EUR/tonne*
km]

[EUR/tonne*
km]

[EUR/tonne
*km]

[EUR/vehicle*
km]

[EUR/vehicle*
km]

Road Haulage

0.0015

0.0023

0.0032

0.0006

0.4233

0.0015

Arcadis et.al.

2009

One remark has to be made. The external congestion cost of road

transportation is much larger than the external congestion cost for inland
. The reason for this is that road traffic has
t he

navigation (see section 9.3.1)
increased

dr amat.i

cally
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with the same pace. This has led to an increase in congestion. There are

two main question s. The first question is whether the margina | congestion
cost is completely external? The second question is whether  public
intervention is needed?

In a pure sense , an external cost is a cost which is caused by one person
but is imposed to another (Blauwens et.al., 2008). The congestion costs are

caused by the first vehicle in front the other vehicle s. The second vehicle
cause s a cost to the ones behind him , etc. Therefore , the congestion costs
are external and therefore also, by definition, they are not internalized. As
mentioned in section 9.1 , all the costs (including all external cost) must be

taken into account in order to choose the correct mode of transportation to

reach the maximum level of social welfare. So, not including the external

costs is a form of market failure, which must be compen sated by
government interference (Leijsen, Korteweg and Derriks, 2009).

However for the congestion cost , there is a difference with the other
external cost components. As mentioned before , the congestion cost
appear s to be external. The cost s are caused by a first party and then
imposed to others. Or in other words, if someone has made the choice to

drive on a specific highway , he does not take into account the cost he
inflicts to others who also want to use the same highway. But the reason

why there is ¢ ongestion on motorways is not due to market failure. Other
sectors (the hotel sector for example) show that if the suppliers can set

their own price , no congestion will occur. On motorways , this does not
happen. The infrastructure supplier prices inefficie ntly. Th is means that the
market is not failing but the infrastructure supplier itself is (Leijsen,

Korteweg and Derriks, 2009).

In the work of Rothengatter (1994) , it is argued that the congestion cost s
do not have to be compensated for by means of publi c intervention. It
states that if private management is involved , there are sufficient incentives

to reduce these congestion externalities without government interventions.

Private road network operation and financing compan ies would differentiate
user cha rges according to the congestion level inverse demand elasticities

and therefore tend to reduce congestion externalities. So , the institutional
solution would be the natural way to cope with congestion (Rothengatter,

1994).

Now that we have determined th at the congestion cost s are a bit different

than the other external cost elements, the question remains whether
government interference is needed to reduce congestion. Strictly , it is not
necessary for the government to internalize the congestion cost beca use

this cost is not caused by market failure. However the same government is
also causing this congestion cost due to its inefficient price regime of
infrastructure use, so it can also be argued that the one who is causing this
error is also responsible f  or correcting it. If one considers the hotel business

again, it can be observed that by an increasing demand , the prices will
increase. This correspond s with a pricing structure in which the congestion
costs are internalized with a tax which is variable in time and location

(Leijsen, Korteweg and Derriks, 2009).
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Therefore, in this research  , the congestion cost of road transportation will

be incorporated into the external costs so that the government can
intervene. This is because by incorporating the co ngestion cost , the
available road capacity will be priced more efficiently, which was ultimately

the goal (Leijsen, Korteweg and Derriks, 2009).

12.2.4 Generalized costs

The generalized costs of road haulage wi Il be calculated with formula 12.2
GCroad = TCroad +CHCroad + EXTroad+ ITI road +REL road+ FLEX rc (122)
GC,ag = generalized costs road transportation [EUR/TEU or tonne]

TCrag = Transportation costs road transportation [EUR/TEU or tonne]

CHC,0a¢ = Cargo handling costs road transportation [EUR/TEU or tonne]

EXT,.a¢ = Exte rnal costs road transportation [EUR/TEU or tonne]

ITl ,vag =1 N-transit -inventory costs road transportation [EUR/TEU or tonne]

REL,,aq = Reliability costs road transportation [EUR/TEU or tonne]
FLEX0ag = Flexibility costs road transportation [EUR/TEU or tonne]

The terminal handling costs of this transportation mode are the same as for

the small barge convoy system (see section 10.2.2). The time costs are
determined by the transportation times of road transport, which have
already been determined in 6.3. 1. The increase of transportation time for
road haulage due to unreliability is set at 10% of the transportation time.

The flexibility costs for road haulage are set at zero Euros because flexibility
of deploying trucks is very large. If a customer wants t o ship cargo within a
very short time, a trucking company can offer that service.

12 .3 Traditional inland ship  ping

The second main competitor of the small barge system is road classic small
inland ships, which must be taken into account as well. Also for this
transportation mode, the transportation, external and the generalized costs

will be determined.

12.3.1 Transportation costs

There are two sources that can be used to calculate the transportation costs

of traditional inland ships. The first source in dicates the total transportation
costs as the transportation costs per sailing hour and the costs for waiting

in a seaport or inland destination (NEA 2003). The transportation costs are
determined as the sum of the crew costs, fuel oil costs, repair and
maintenance costs and material costs, interest costs, depreciation and
insurance. Because the costs data is relatively old (2003), the figures need

to be updated. In table 12.2 the index figures of the costs components are
given.

Table 12 .2: | ndex figure co sts development inland shipping costs
2003 2004 2005 2006 2007 2008 2009*

Fuel 84 100 130 145 148 181 122
Crew 98 100 101 103 105 108 111
Other costs 100 100 100 132 170 163 161

Source: CCNR, 2009 , *estimation of the CCNR
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The fuel and crew costs ar e indexed by 1.45 (122/84) and 1.13 (11/98) and
all the other costs components are indexed by 1.61 to determine the costs
for the year 2009. The transportation costs per hour as a function of the
payload of the inla  nd ship are given in figure 12.3

The tr ansportation costs per tonne per hour can be calculated with the
following formula:

_0.0996.sizg,, +27.76

Cost_,; (12.3)
galllng_hour transportegﬂgo
COStS sailing_hour = Costs per sailed hour [EUR/tonne]
sizegnp = Cargo capacity of the ship (350, 600 or 1350 tonne) [tonne]
transported cago = amount of cargo that is t ransported per shipment [tonne]
Figure 12.2 : C osts per sailing hour as a function of the payload
Costs per sailing hour
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Source: original NEA 2003 updated to 2009 figures by using table 12.2

The distance that needs to be cover ed at a given average speed of 10 km/h

on a large waterway and 6 km/h at a small waterway will determine the

time that is needed to sail. The distance will be doubled because the inland

ship is assumed to have an empty return voyage to the seaport. Inland

ships sailing on the waterway Dender are on average 49% empty (ECORYS

2009). In table 12.3 an overview is given of the number of ships sailing on

the small inland waterways in Flanders. In the overview a distinction has

been made between the empty and loa ded ships that are sailing on the
considered waterways.

Table 12 .3: O verview of the loaded and empty ships on the small inland waterways

\Waterway full empty full/lempty
[] [] []
Dender 336 312 1.08
Leuven-Dijle 16 34 0.47
DTS 2,659 2,690 0.99
Bochelt-Herentals| 3,140 3,115 1.01
Total 6,151 6,151 1.00

Source: own calculation based on tr affic figures NV de scheepvaart 2008)
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Table 12.3 indicates that on average all the ships that are sailing on the

small inland waterways do not take any return carg 0. The ships sail fully
loaded to a destination and back empty (or empty to a destination and

loaded back). There is potential back haulage but the time needed to wait

for that could be too long, so that the barge owners will sail back empty to

another des tination. Based on this table and ECORYS (2009), it can be
concluded that small inland ships will cover double the distance to transport

a shipment to and from small inland waterways.

Besides the time needed to sail, also the time of passing the locks on
selected routes are taken into account. Therefore the costs per tonne can
then be calculated as:

.Distance .
C:Osgailing = Cosgailing_hour % +2'Nocks 'tlmeock (1 24)
barge
Costsaiing = COsts per transported tonne [EUR/tonne]
Distance = covered distance on large and small water  ways [km]
Vparge = average speed of the inland ships estimated at 10 km/h
on the large waterway and 6 km/h at the small waterway [km/h]
Nieks = number of locks on the route [-]
Time ok = time to pass a lock (0.5 hours) [h]

Figure 12.3 indica tes that the larger part of the costs for small ships (<600

tonnes) depends on the crew costs and that the influence of the fuel oil

costs increases with the growing size of the ship. The material costs of the

small ships play a smaller role in the total c osts when they are compared to
large ships. This can be understood by the age of the small ships that are

now sailing (>50 years), which are fully depreciated and free of mortgage

(see chapter 3.3). Normally mortgag es on ships will have an expire time of
20 to 25 years, so that the majority of the small ships are completely
depreciated.

Figure 12.3: D eviation of the different costs components

Costs per sailing hour
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0% &
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Source: NEA 2003  updated to 2009 figures by using table 12.2

The costs in figure 12.3 are based on a minimum numb er of crew members,
on their minimum wages and on the costs for repair and maintenance and

180



Chapter 12: Competitor modelling

deprecation. In practice, the crew costs are not fully taken into account.
This is because the small inland ships are operated by a family, where the
crew cost of (i n most cases) the wife will not be taken into account.
Therefore, in practice, the costs per tonne cargo of the small ships will be
less than the figures that are given here.

Therefore the calculated costs are corrected on the previously mentioned

costs ¢ omponents. Figure 11.2 shows that for the smallest inland ships

(<400 tonne) 60% of the total costs are crew costs. These costs will be

reduced by the wages of the mate. Roughly 2/3 of the total crew costs are

made up by the captai ns 6 ewcasisevil be redacedtbhat t he cr
33%. As a result, the total transportation costs are lowered by 20%. For

the 600 -tonne ship, 50% of the costs are crew costs, so that the reduction

of the costs for those ships is smaller compared with the smallest ships

(16%).

The second way to calculate the transportation costs of inland ships is a
calculation - method based on distance and hour -costs  (Blauwens
et.al. 2008). In relation 12.5 the transportation costs can be calculated for
ships with different loading capacities.

+
Costsailing = J.urb.d (125 )
Transported,
U = time coefficient [EUR/N]
D = distance coefficient [EUR/km]
u = sailed time [h]
d = covered distance [km]

In table 12.4 an  overview of the different time and distance coefficients are
given f or different ship sizes.

The cost coefficients are valid for the year 2004 and are based on the wage
levels of the labour agreements and the interest and depreciation costs are

based on the newbuilding prices of new vessels. The problem with the small

ships is that, as mentioned before, the total costs of all the crew members

are not taken into account, and that these ships are almost completely
depreciated. Therefore the hour costs coefficient can be halved to take
these effects into account (Blauwens et. al. 2008).

Table 12.4: O verview of the costs coefficients

Loading capacity U Ucor D
[EUR/h] [EUR/h] [EUR/Km]
300t 54.50 27.25 1.20
600 t 77.26 38.63 1.62
1000t 104.27 52.14 2.91
1350t 127.24 63.62 4.02

Note: 2004 figures

Because these costs also date from 2004, an update is needed for these
costs figures. Because it is not known how these costs coefficients where

built up, it is not possible to update the figures. Therefore the updated hour

costs coefficient of NEA is used to calculate the t ransportation costs of the
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small inland ships. The transportation costs per hour for the smallest ships

(Spits and Kempenaar) are given in table 11.5.

Table 12.5: C orrected costs coefficients inland ships

Capacity |actual loading| costs coef | costs coef

[tonne] | [tonne/TEU] [EUR/h/tonne][EUR/h/TEU]
Spits 450 450/14 0.129 4.15
Kempenaar] 600 550/20 0.133 3.67

Note: updated to 2009 figures by using table 12.2

12.3.2 Port residence costs

Besides the costs for sailing from a seaport to an inland terminal,

for waiting in the seaport and costs made during loading and unloading

needs to be taken into account. For container transport the waiting time at
the seaport terminal is taken from the actual waiting times in the port of

Antwerp and Rotterdam a

2009, see appendix U). The time that an inland ship has to wait at an inland

terminal before it can be handled is set to be zero hours. For container
transport, the time that a ship has to wait at a termin
unloading is 20

loading and unloading time at a bulk terminal is set at 100 tonne/h. These
extra times are used to calculate the costs of the waiting times. These extra
costs are add ed to the costs of sailing in order to determine the total

transportation costs. The costs per hour for waiting are also given in NEA

(2003). These costs feature in figure 12.4, where only the material costs

and the crew costs are taken into account. Also

2009 values.

Figure 12.4: W aiting costs per hour as a function of the payload
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by using table 12.2

The waiting costs per hour per tonne of cargo can be calculated with the
following formula:
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_0.0614.sizg,, +20.6C

Cost,_. u (12 .6)
baiting _nour transported,

The costs made by inland ships in the seaport for waiting at the terminals

and the costs made for waiting at terminals while the ship is being loaded

and unloaded can be calculated with the next relation:

Costlvaiting :Cos\x/aiting_hour '(2'1;ading +-[t-erminal (12 7)
Tioading = time spent at a terminal during loading and unloading [h]
Temina = time spent at a seaport terminal while waiting [h]

The total inland shipping costs made are the summation of the two costs
components, i.e. sailing and waiting.

12.3.3 Terminal handling costs

In these costs the terminal handling costs of this mode are the same as for
the small barge convoy system because the same terminals are visited and
the same equipment on those terminal s is used. The time needed to
complete a shipment will be based on the time components mentioned in

part 6.2.5 (including lock passing, waiting at deep -sea terminals, etc).

12.3.4 External costs
The costs are given in table 12.6, where the costs are base d on total costs
per tonne -kilometre and vehicle -kilometre.

Table 11.6: E xternal costs per tonne kilometre other modes (2020 projection)
Air quality Climate Accidents Noise Congestion | Infrastructure
[EUR/tonne* [EUR/vehicle|[EUR/tonne|[EUR/tonne| [EUR/vehicle* [ [EUR/vehicle*
km] *km]* *km] *km] km] km]
Acl as

Inland ships 0.034 0.87 - - - -
Source: Acradis et.al. (2009)
The climate and air quality costs are calculated with the figures given in
table 12.7 (emissions data) and the monetary costs per co sts item given in
table 9.1.

Table 12.7: Emissions per tonne kilometre for small inland ships (2020 projection)

Air quality Climate
Pmyo NOy SO, CO,
iKempe.l
550 tonnes | 0.0235 0.565 0.037 63
Source: CE, STREAM (2008)

Thereasonto calculate t hese figures Abottom upod is that

figure is not sufficient. The small barge convoy system will compete with

small inland ships and therefore only the external costs of small inland ships

should be considered. If a sector average is used, t he influence of the large
ships is too big. The emissions per tonne of large inland ships are much

4 Based on a 550 tonne  loading capacity
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lower than the emissions of smaller ships. The reason is that the larger

ships use their economies of scale. The power needed to propel a tonne of

cargo is | ower for larger ships than for smaller ones , which also reduces the
emissions.

12.3.5 Generalized cost

The generalized costs of inland shipping, as well as the generalized costs of
small barge convoy, are a Iso determined with formula 12.8 (repeat of
formula 10 .1 but then applied for inland shipping ).

GC, = TG +CHG;, + EXT + IT|, +REL, + FLEX (12.8)
GCis = generalized costs  inland shipping [EUR/TEU or tonne]
TCs = Transportation costs inland shipping [EUR/TEU or tonne]
CHC;s = Cargo handling costs inland shipping [EUR/TEU or tonne]
EXT;s = external costs inland shipping [EUR/TEU or tonne]
ITl s = in transit inventory costs inland shipping [EUR/TEU or tonne]
REL;s = Reliability costs  inland shipping [EUR/TEU or tonne]
FLEX;s = Flexibility costs inlan d shipping [EUR/TEU or tonne]

The VoR for classical inland ships could be assumed to be rather high due to

the large and volatile waiting times at the seaport terminals (see appendix

Q). It is, however, not possible to determine this value directly (RAN D
2004, RAND 2005). It can also be argued that for classical inland ships the

VoF is rather high compared with road haulage. It is very difficult for inland

ships to be flexible. If a ship is needed within a very short period of time, it

could take quite | ong for the barge to be available due to the low sailing

speed of the barges. Trucks can be available much faster. The next part of

this chapter will deal more in detail with the flexibility and reliability costs.

12 .4 Generalized costs demand side

Now th at the supply side of figure 12.1 has been determined, it is the turn

of the demand side. In the demand side the generalized costs of all the
modes (SBCS, road and classic small inland ships) will be determined for

the cargo owners. They are the ones who d ecide which mode to choose.
First, those generalized costs are determined for all the mentioned modes.

12.4 .1 Small barge convoy system
The generalized costs of the small barge system from the demand

perspective will be equal to the generalized costs of the supply side
(chapter 10) plus the pr  ofit margin.

GC,,,.ng = TP+CHC + EXT + ITl + REL+ FLE; (12.9)
GCgemana = generalized costs demand perspective [EUR/TEU or EUR/tonne]
TP = transportation price of the SBCS (see chapter 11) [EUR/TEU or EUR/tonne]

The transportation price offered by the small barge convoy will now be
interpreted as a costs item for the transport customers. As such, for the
determination of the competiveness of the small barge system, the
transportation  price must be incorporated.
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12.4 .2 Road transportation

For road transportation there are a lot of small and medium -sized
companies, while  for the demand side of road transport (container shipping

lines, forwarders and shippers) there are numerous customers, many of

whom are large inter national operating companies with a strong market
position. This particularly applies to shipping lines and forwarders. These
companies also have a strong interest in controlling the logistic s chain,
including the cost of landside transport services (Konin gs, 2009). As a
result of the competition between all the trucking companies and the large
bargaining power of the transport customers, the road transportation
companies will behave as price  -takers instead of price -setters (Konings,
2009). This is why no a dditional profit will be incorporated for road
transportation, so that the transportation costs will be equal to the
transportation price. The generalized costs of road transportation firms

(supply perspective) will therefore be equal to the generalized co sts from
the demand perspective.

12.4.3 Classic small inland shipping

The generalized costs (demand perspective) for classic small inland
navigation are also equal to the generalized costs from the supply
perspective. As mentioned in chapter 3, the small inland ships facing a
large competition, both internal and from other modes. This will result in a

price that will be equal to their costs (no additional profit).

12.5 Summary

In this chapt er the competitor  modelling is taken into account in the total
mod el. The generalized costs (demand side) of the small barge system and

its competitors are calculated . These costs will now be incorporated into the
competition modelling in the model.
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13 . Total c ompetition model ling

13 .1 Introduction

Now that the genera lized costs are determined for both the small barge
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system and its competitors the competition between them  will be modelled,
by combining two different approaches. The first approach is a logit
approach. The second approach is a total logistics costs appr oach (TLC) (cf.
figure 13.1 ).
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The first part of this chapter will deal with a comparison of the two different

models. The second part will deal with the calculation of the total logistics
cost. The third part will deal with the logit model. In the fourth part a
sensitivity analysis will be made to research the influence of changes of
some parameters in the  competition model.  Also a section has been ad ded
to research the intermodal application of the small barge system by adding
additional road transportation . This chapter will end with the conclusions.

13.2 Competition model ling

The first competition model that is applied is the total logistics  cost
approach. One of the aims of this thesis is research the conditions when
current day road transport cargo flows can be shifted to the small inland
waterways . Therefore, the modal shift will be researched from the
perspective of the companies located at the small inland waterways. If a
company is using road transport for its daily transport, shifting its cargo

flows to the small barge convoy system will affect the internal logistics in
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the considered company (longer transit times and more inventory cost). In
order to take these effects into account, the total logistic cost approach will
be applied.

In this total logistics cost (TLC) all the relevant cost, such as transportation
cost, total travel time and inventory cost are taken into account for the
small b arge system and its competitors . Companies located at the small
inland waterways  will opt for the small barge system if the TLC of the small

barge system are lower than the TLC of competing modes. The problem
with t hi s appr oach i s fdllloranothingt oocsterid ilfkhe TLEC are
only slightly smaller than its competitor than one opts for that mode or if

they are only slight larger than one opts for the competitor . There is al sono
link to the demand. Changes in demand will not affect the  mode cho ice. If
the TLC for the small barge system are smaller than the TLC of its
competitors, than all the demand will be available for the small barge

system or if the TLC are higher than no demand will be available for the

small barge system

That is why the logit model is incorporated. A logit model is a statistical
app lication to determine the probability that a specific mode of transport

will be chosen. This choice will be influenced by the generalized cost of the
different modes . This approach allows constructing a Asmoot h
between a very high values and low values of the TLC . Another advantage

of the logit model is that th ere is a link with demand (section 13.4) . In

figure 13.2 the comparison between the TLC approach and the logit
approach is shown .

Figure 13.2 : C omparison between TLC and Logit approach
Market share

$.

TLC Approach

l

100% ——
™
\
\
\
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\
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~ —
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Source: own composition

The Y-axis in figure 13.2 represents the  probability that one opts for a
specific mode (in this case for the small barge system) and the X -axis
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represents the generalized ( or TLC) cost. The figure indicates that by only
using the TLC approach the shift from one mode to the other is quite rigid.

The logit model will  function in the area between high and low values of
generalized cost (or TLC) .

On the other hand , if only the logit model was used to calculate the
competition between the small barge system and its competitors, very high
values of generalized cost could be accepted if only a small percentage of

the total demand is needed. This is, for example, the case when only one
barge will be pushed to three different waterways. The amount of cargo

needed to fill the barges is small, so that high values of generalized cost
can be accepted. These generalized cost (including the transportation price

per TEU or tonne) can be too high if the total logistics cost are calculated
and compared to the competing modes. Therefore the maximum value of
generalized cost will be determined by the total logistics cost. This is
graphically shown in figure 13.3

Figure 13.3 : Cumulative probabil ity function logit model as function of the
generalized cost
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100%

| Max. Gen. Costs (TLC)

0% 1

Gen. Costs
High
Low
value Value
Source: own composition
Figure 13.3 shows that by applying this TLC criterion the maximum

allowable generalized cost of the small barge system will be determined by

a mix of the TLC approach ( maximum value) and the logit model

(competing with the other modes). The TLC approach will make sure that

the fedge of the Il ogit model o will be eliminate

All the different components in the developed model will come together in
figure 13.4 , were a schem atic representation of the total model is given . In
this model all the different relations of several sub -models are given.

The modelling approach of the small barge convoy system can be found in
the top left corner. Figure 13.4 shows that from the networ k model a
connection is made with the competing modes. If a certain route for the
small barge convoy system is chosen, also the alternative routes of the
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modes will be determined.

the chosen routes (see chapter 6).

Figure 13. 4: T otal logistic

cost criteria and the logit model
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In figure 13.4 the position of the TLC approach and the logit model in the

total model can be found . If the TLC of the SBCS (TLCsgcs) are larger than
the TLC of its competitor s (TLC.mp) the solution cannot be accepted . There
is a feedback relation back to the price determination model. The profit

margin of the small barge sy stem will be altered so that the TLC of the
small barge system are lower than the TLC of the competitors (see also

chapter 11). In order to fulfil this criterion it must be possible that the pro  fit
margin can become negative. This will result in a negative NPV which will
eventually lead to  a negative investment decision (see section 11.3).

Figure 13.4 also shows that after the TLC model the logit model is
incorporated. If the TLC 4 are smaller than the TLC ., than via the logit
model and the total deman d the market share will be calculated. The
calculated market share will now be compared to the initial assumed
utilization rate of the barges. If the calculated market share is larger than

the initial assumed utilization rate than the calculated result can be
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accepted. If not then the initial assumed market share has to be changed. A

change in the utilization rate of the barges will in its turn have an impact on

the price determination part of the model (see chapter 11). Figure 13.4 also
indicates that both criteria have to be fulfilled before a result from the

model can be accepted.

13 .3 Total logistical cost

In this part the total logistics cost components are described. The cost
components that have to be taken into account when a firm will make a

choice between the different transportation modes are the out -of - pocket
cost, the in -transit inventory cost and the total inventory cost. The total
inventory cost is built up of the cycle stock and the safety stock cost

(Blauwens et.al. 2008). The total logist ics cost are presented graphically in
figure 13.5

Figure 13 .5: T otal logistics costs as function of the shipment size

Costs

Gen. Costs <“—|nventory costs

> Shipment size

Source: taken from Blauwens et.al. 2008 p.230

The biggest change for companies when changing from road ha ulage to
inland navigation is the change from just -in-time logistics to a delivery once

a week. This will lead to maintaining stock and require internal storage

space at the sites of the companies. The requirement for the storage space

at the companies is needed because of the increase d shipment size. As a
result, the inventory costs are increased compared with the situation where

a just -in-time principle is used. So, in order to determine whether a

company can shift its cargo flows, these costs must also b e taken into
account. Therefore , the total logistics costs must be lower when the small
barge convoy system is chosen instead of road transportation or traditional
inland ships.

The TLC can be calculated as the vertical summation of the two lines in
figur e 13.1. With relation 13.1 the TLC will be calculated.

TLC, = GG +INVENT (13.1)
TLC;= total logistical costs of mode i [EUR/TEU or EUR/tonne]
GC; = generalized costs mode i [EUR/TEU or EUR/tonne]
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INVENT; = inventory costs mode i [EUR/TEU or EUR/tonne]

The GC was already calculated in chapter 10 and those costs are built up of
the OPC and the ITC. The other component, i.e. inventory costs, will be
further described in the next section.

13 .3 .1 Inventory costs
The inventory cost s will be calculated with the following formula, which has
been taken from Blauwens et.al. (2006). This formula is based on Baumol

and Vinod (1970), where a Poisson distribution is assumed for the
stochastic elements of the relation.

[S'2T+K.,\/(s+t).T].I.365

COSt$nvemory TOtaLargo (13 2)
COStS |nventory = iNVeNtory costs per unit [EUR/tonne or EUR/TEU]

T = Shipment size per day [tonne/day or TEU/day]

s = average time between shipments [day]

t = time for one shipment [day]

K = constant depending on no - stock probability [-]

| = inventory costs per unit [EUR/tonne/day or EUR/TEU/day]

Total cargo = total amount of cargo transported per year [tonne or TEU]

The first part of formula 13.2 represents the average amount of cargo in
stock. The second part, b  etween brackets, gives the amount of safety
stock. The factor K will be determined on the basis of the tolerated risk of
stock -out. This tolerated risk is set at 5 % and K becomes 1.64 .

The inventory costs per unit are determined as the sum of (Blauwens et.al.
2008):

Opportunity costs of the cargo stored

Costs of the depreciation of the goods stored
Insurance costs

Warehousing costs

The interest and depreciation costs per day are set equal to the daily loss
on capital for the receiver of the cargo in transit (VoT). These values are
explained in 10.3.  The costs of depreciation are set to zero for bulk cargo
(sand, iron ore, etc). The insurance costs are neglected because those costs

are small com pared with the other costs. T hose costs are also independent
of the chosen transportation mode. The warehousing costs are determined

as the annual warehousing costs which include the depreciation of the
building, the interest paid for financing the building, the heating, the

lighting, etc. These cos ts are constant and not dependent on the amount of
cargo stored. They are also independent of the type of mode that is
transporting the cargo. In order to calculate these costs, detailed data is

needed for all the companies that are investigated. Because t hat is not

48 This value is taken from Blauwens et.el. 2008 p. 213 table 8.2
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possible and there is no influence of mode choice and transportation size,
these costs are left out of consideration.

13 .3 .2 Assumptions made to calculate the inventory costs

In order to determine the TLC, two linearization s are made to perf orm the
required calculations.

The first linearization is related to the required space on the site of the
company. In most of the cases the tonnages of companies located at the
small waterways are transported via the road, so that the companies can be

re plenished daily and that there is no need for a storage space. If such a
company wants to shift its cargo flows towards the new concept, the
number of deliveries are reduced; therefore stock must be kept and space

is required to do that. Accordingly, it is assumed that there is enough space
available.

The second linearization is that the delivery of cargo flows can be uniformly
distributed in the time if the company wants to shift its cargo flows from the

road towards the inland waterways, so that no sudde n peaks are to be
expected. If a company has a lot of volatility in its cargo flows, shifting
towards inland navigation can be a problem due to a lack of flexibility.

13 .3 .3 Inventory costs for the small barge convoy system

In order to calculate the in ventory costs for the small barge convoy system,

a simplification is made. All the cargo flows from one waterway are
considered to be at one location. In reality several companies are located at

one waterway but then as many calculations have to be made as there are
companies.

Table 13 .1: C alculation of the inventory costs on route humber one

In Out In Out

[TEU] [TEU] [ton] [ton]
total per year 1,394 2,092 57,871 0
AV Shipment size 16.8 25.2 697 0
AV Shipment size per day 5.58 8.37 231 0
AV time between shipments (days)] 3.01 3.01 3.01 3.01
time for one shipment (day) 1.45 1.45 1.45 1.45
STOCK
Cycle 8 13 349 n.a.
Safety 8 0 106 0
K 1.64 1.64 3.3 3.3
total stock per day 16 13 455 n.a.
Costs per day stock a 1440 11C a 9. n.a.
Costs per unit a 37 G4 18 10 O. n.a.
Stock_costs TEU u 26
Stock costs tonne ua 0.

Note: 2009 values

In chapter 10 on costs calculation, an example calculation has been made
based on 2 barges sailing to routes numbers 1 to 3 (see figure 6.5 for the
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waterways and tables 7.5, 7.9 and 9.2 for input data). In table 13.1 the
calculations of the inventory costs are shown for the given case on route
number one.

The amount of transported cargo is determined by the total competition
model (see also chapter 12). The average shipment size is calculated, as
well as the average shipment size per day. The average shipment per barge

may be larger than the capacity of a single barge because two barges can

be used. The time needed to complete a shipment and the time between
shipments is determined by the chosen logistics system of the small barge
convoy system. With that information it becomes possible to calculate the
number of TEUs or tonnes in cycle or safety s tock. T able 13.1 shows that
th e safety stock is set to zero when a company is exporting cargo. When

the total volume of cargo in stock is known, the total costs per day and per
cargo unit can be calculated. Finally, the average inventory costs are
calculated for the incoming and outgoi ng cargo flows. In the total model
these calculations will be performed for all selected waterways.

13 .3 .4 Inventory costs for road transport

The total inventory costs for road transportation are determined with the

same formulas as given in section 13.3 .1. The size of the shipmen t is
adjusted for road haulage to 2 TEU or 28 tonnes. Table 13.2 shows the
calculations for route number 1. The average time between shipments is set

at one day, meaning that if on average 9 TEUs are needed, several trucks

per day will be used. Because it is not possible to determine how many
trucks are used to transport all the cargo, the costs per unit (TEU or tonne)

are calculated by dividing the total inventory costs by the total market.

Table 13 .2: C alculation of the invento  ry costs road transportation on route number

one
[TEU] [TEU] [ton] [ton]

total per year 2,250 2,720 233,500 0
AV Shipment size 2 2 28 28
AV Shipment size per day 9.00 10.88 934 0.00
AV time between shipments (days) 1 1 1 1
time for one shipment (day) 0.38 0.38 0.38 0.38
STOCK

Cycle 5 5 467 n.a.
Safety 6 0 119 0
K 1.64 1.64 3.3 3.3
total stock per day 10 5 586 n.a.
Costs per day stock a 89 u 47 0 11 n.a.
Costs per unit ua 14 a4 6. 0 0. n.a.
Stock _costs TEU ua 9.

Stock costs_tonne ua 0.

Note: 2009 values
Table 13.2 indicates that the inventory costs are lower for road

transportation than for the small barge convoy system. That is due to the
reduction in cycle and safety stock. The st ock can be reduced because the
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cargo can be delivered daily instead of every three days. Also due to the
high value of the cargo less stock will be maintained. The difference in
inventory costs between road and inland navigation for bulk cargo is very

smal |. That is due to the low value of the considered cargo.

13 .3.5 Inventory costs for inland navigation

The total inventory costs for inland navigation are determined with the
same formulas given in section 13.2. The size of the shipment is adjusted
for in land navigation to 16 TEU or 350 tonnes for a Spits and 24 TEU and
500 tonnes (at 2.00 metre draft) for a Kempenaar. The time for one
shipment is taken from section 12.4 (costs calculation inland ships). In

table 13.3 the calculations are given for an inla nd ship of the Kempenaar

type.

Table 13 .3: C alculation of the inventory costs inland navigation on route number

one

[TEU] [TEU] [ton] [ton]

total per year 2,250 2,720 233,500 0
AV Shipment size 20 20 500 500
AV Shipment size per day 20.00 20.00 934 500
AV time between shipments (days)| 1.00 1.00 1.00 n.a.
time for one shipment (day) 1.21 1.21 1.21 1.21
STOCK
Cycle 10 10 467 n.a.
Safety 11 0 150 0
K 1.64 1.64 3.3 3.3
total stock per day 21 10 617 n.a.
Costs per day stock a4 18z0 87 0 12 n.a.
Costs per unit a 29 0 11 4 0. n.a.
Stock_costs TEU a 19
Stock costs tonne ua 0.
Note: 2009 values

13 .3.6 Total logistics costs of the different modes

As mentioned before, if a company located at a small waterway wants to

shift its cargo flows from the road towards the small inland waterways, the

TLC must be reduced in comparison with the old situation; otherwise there
is no incentive to change transportation mode. Therefore the following
relat ion will be applied.

TLC4zs ¢ Min (TLC, TLC In_na\) (13.3)
TLCspcs = total logistics costs small barge system [EUR/TEU or tonne]
TLCroad = total logistics costs road transportation [EUR/TEU or tonne]
TLCin nav = total logistics costs traditio nal inland navigation [EUR/TEU or tonne]

If all companies located at the small inland waterways are considered to be
rational, the slightest difference in TLC will make them change
transportation mode. It can also be considered that when the TLC of modes
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are equal one would choose for the transportation mode which will produce
the lowest emissions.

In this analysis the calculated TLC per TEU of the small barge system must
be at least 5% lower than the lowest TLC per TEU offered by the
competitors. It is assumed that when taking the total logistics costs into
account (including stock costs) a reduction of 5% will make the companies

located at the small inland waterways shift from road transport to the small

inland waterways.

For bulk cargo the difference must be larger than 30%. The reason why the
required difference in TLC for bulk cargo is larger than the required
difference for container transport is that bulk cargo is currently transported

with trucks despite the fact that traditional inland shipping can offer a
transportation price leading to almost the same TLC (also in generalized
costs) of road transportation. Therefore a larger difference in TLC must be
achieved (see also section 13.4).

In figure 13.6  the total logistics costs are given per TEU o n route number
one for the different modes.

Figure 13 .6: T otal logistics costs  on route number 1  (TEU)
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Figure 13.6 shows that the total logistics cost for the small barge convoy
system is smaller in this specific case (2 barges sailin g to routes numbers 1
to 3). Thein -t ransi t inventory and Anor mal 0o
the small barge system but the decrease in transportation price is larger

Therefore the total logistics costs are decreased.
In figure 13. 7 the TLC costs ar e given per tonne  of bulk cargo. It shows that

the inventory costs are low, du e to the low value of the cargo. T herefore
the TLC are predominately determined by the out -of - pocket costs.
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Figure 13.7 : T otal logistics costs on route number 1 (tonne)
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From figure 13.7 it can also be concluded that the TLC of inland shipping

are higher than the TLC of road transport (excluding external costs) but

this difference in not large enough to explain the very large market share of

road transportati on. This could be due to the internal logistic s at the
companies located at the small inland waterways, which cannot be changed

because of too large volatile characteristics of the cargo flows. Therefore

the lack of flexibility and even reliability of supp ly on the small inland
waterways can be a reason why road transportation is the dominating
transportation mode. In section 13.4 is explained why and how an extra

cost component is added to inland navigation and the small barge convoy
system to deal with th  is.

13.4 The logit model

In this section the logit model will be incorporated into the total model as
has been shown in figure 13.4.

13.4.1 The model

In the logit model the different generalized costs are used to calculate the
mode choice. When the proba  bility of choosing a specific mode is known,

the market share can be determined for the different modes with formula
134 .

-nGC
p-_€""

! el (13.4)
ae
i

P; = probability that mode i will be chosen [%0]
GC; = generalized costs mode i [EUR/TEU or tonne]

u = spreading factor [-]
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In formula 13.4 the spreading factor y will be determined in such a way

that the existing market share of the existing modes (road and classic small
inland ships) is the same as the calculated values of for mula 13.4 . A
distinction has been made between bulk cargo and container transport.
Therefore each commaodity type will have its own value of (M cont @nd W pui) -

In the generalized costs the values of REL and FLEX could not be
determined due to a lack of data and interpretation difficulties of the
considered costs components. Therefore only the transportation price, the
cargo handling costs and the VoT are incorporated in the generalized costs.

13.4.2 Data for the logit model

The total demand , for transpo rt with an origin (or destination) in the port of
Antwerp and a destination (or origin) at the small inland waterways , was
already given in table 2.6 but is repeate dintable 13.4
Table 13.4 : Total potential cargo flows from the seaport Antwerp to compan ies
located at the different waterways (recap of table 2.6)
ROUTE 1| ROUTE 2 ROUTE 3 ROUTE 4
Leuven- Deseel 1 Turnhout - Bocholt-
Small Waterway Dender Dijle Schoten Herentals
Cargo flow containers (in) [TEU]| 2,250 7,500 8,140 -
Cargo flow containers (out) [TEU]| 2,720 12,600 9,950 -
Cargo flow bulk (in) [tonne]| 233,500 | 128,000 10,000 231,461
Cargo flow bulk (out) [tonne] - - 84,000 463,248
Source: Waterslag (2008), FISN data (2008), cargo flows WenZ and NV de
scheepvaart (2009)
Note: all containers  are loaded, no empty  containers are in the data
In table 13.5 the current cargo flows transport via the small inland
waterways with an origin or destination on the port of Antwerp are given.
Table 13.5 : Current transport viathe small inland waterways
ROUTE 1| ROUTE 2 ROUTE 3 ROUTE 4
Leuven- Deseel i Turnhout - Bocholt-
Small Waterway Dender Dijle Schoten Herentals
Cargo flow containers (in) [TEU] - 4,500 - -
Cargo flow containers (out) [TEU] - 4,500 - -
Cargo flow bulk (in) [tonne]| 22,936 640 1,870 231,461
Cargo flow bulk (out)  [tonne] - - 870 463,248

Source: FISN data (2008), cargo flows WenZ and NV de scheepvaart (2009)

13.4.3 Calibration of the logit model

In the current day situation only trucks and

are present

observ ed market share in table

13.5.

. Therefore the spreading parameter
chosen so that the calculated market share, based on the generalized costs
of the road transport and classic small inland ships, will be equal to the
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Contai ner transport

In table 13.5 can be seen that there is no container transport from the port

of Antwerp to companies located at small inland waterways via the small

inland ships , except for one company located at the Leuven -Dijle canel
(Cargill). This compa ny is using the waterway despite the higher
generalized costs of inland shipping, while all the other companies are not

using the waterway. Therefore the company is considered as an outlier and
therefore the spreading factor p cont Will be determined in such a way that
the current market share, for container transport, for small inland ships at

all the small inland waterways is zero. In that case the value of u cont Will be
equal to 0.06.
By neglecting the current container transport of Cargill it is assumed that

Cargill will shift their cargo to the small inland waterways only if the barges
can offer a competitive generalized costs compared to road transportation
while in reality they have already chosen to use inland navigation. So by

neglecting the cargo f  lows of Cargill in determining the spreading factor pu cont
we will determine a transportation price for the small barge system which
will be lower than t  heir current price. Therefore it doesndt matter that

cargo flow of Cargill is neglected.
Bulk trans port

It could also be possible that the observed modal shift cannot be calculate d
with only the considered cost components (transportation price, cargo
handling and VoT) in the generalized costs. The GC demand  Of mode i could be
smaller than mode j, while mode | has the largest market share in reality.

This is actually the case for bulk transport on routes 1, 2 and 3 . This is
showed in formula 13.5.

P >MS- GCi<GC (13.5)
MS; = observed market share mode i [tonne]
GC; = general ized costs of the competing mode [tonne]

Because the initially calculated GC of inland ships are slightly larger than

the GC of road transportation, it would be rational that the modal split

between road and inland navigation would be around 50/50. But in the
observations road transport is the most dominant  transportation mode. This
could be because the lack of reliability or flexibility of the inland ships will

direct the companies located at the small inland waterways to road
transport. Therefore an ex tra cost component will be added to the
generalized costs of inland shipping to correct for the difference in observed

and calculated market share (rest co sts).

GC =O0OPC¢ +VoT.t+ RES (13.6)
Rest = rest costs [EUR/ tonne]

The va lue of the rest value term will be adjusted in such a way that the
calculated market share will be fitted to the observed market share.
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_ _ 9
B=M§- P =" (13.7 )
a Q.
k=i
Qi= observed demand mode i [tonne]
Qj = observed demand mode j [tonne]

The rest -term of the relatio n 13.6 will be set at zero Euros for the mode
that has the smallest calculated market share but also has the largest
observ ed market share (road transportation ). The value of the rest term will
now be determined in su  ch a way that the calculated market share of the
logit - model will be the same as the real market share 4

The o6restd costs wildl consi stcest oompomehte
costs for reliability (REL) and costs of flexibility (FLEX).

REST=REL, +FLEX, (13.8)
REL;, = reliability costs for inland navigation [EUR/ tonne]
FLEX;, = flexibility costs for inland navigation [EUR/ tonne]

Figure 13.8 shows the visual representation of this approach. The only way

to calculate REL an d FLEX is to determine the difference in adjusted
generalized costs and initial calculated generalized costs of inland ships. In

this approach only the combined values of REL and FLEX can be calculated

and not the individual values. Because the REL and FLE X of road transport
are set at zero Euros, the calculated values of REL + FLEX are the relative

costs compared to road transport.

The problem of this approach is that there is one equation (logit equation)

and two unknown parameters (rest -term and the val ue of U pyk). In order to
overcome this problem, a value of p puk Will be predefined. One option is to
use a u from another modal split model. The problem is however that the
problem at hand is very specific. If a general modal split model was to be

used t hen, most likely, the total inland navigation sector will be taken into
account (small, medium sized and large ships) while in this research only

the small inland waterways are taken into account. If the value of u buk 1S Set
to be too small (<0.01), the i nfluence of the generalized costs becomes
very small. This will lead to a situation where the choice for a specific mode

of transport becomes almost independent of the generalized costs of the
considered modes.

47 This approach allows us to determine a rest costs component for inland navigation relative
to road transportation
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Figure13.8 : Schematic over tidew oxsft st he o6r es
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Trial and error with various combinations of Mk @and fArest costso for
considered small waterways, the best result for the total model split of the
three waterways is achieved by applying a cos t coefficient of 0.5 and a cost
correction of 4 EUR/tonne “®. For lower values of the Mpux higher cost
corrections are necessary to get the same result. This is undesirable
because cost corrections have to be restricted as much as possible (Gerrits,
2007) .
In the sensitivity analysis of the next section will be shown that a variation

of the value of  ppuk Will not have large influence on the total outcome of the
model. This is due to the additional competition model (TLC approach)

added to the model which has been described in the previous section

(23 .3).

For the smal/l barge convoy system the Orest co
and FLEX costs of the classical inland ships. Due to the set T up of the small

barge convoy, it should be capable to deal with the del ays and fAshockso
the system. There is a time -window in which the barges can be handled.

The system is also designed to sail regularly between the selected
waterways, so that the reliability (and frequency) will be higher than for
regular small ships therefore the costs of reliability will lower. The
REL+FLEX for the small barge convoy are assumed to be equal to half of
the FLEX+REL costs of classic inland ships.

In tables 13.4 a nd 13.5 could also be seen that for route 4 all the cargo
that is transpo rted with an origin (or destination) in the port of Antwerp will
be transported with inland ships. This is quite the opposite of what is

observed f or the other waterways. The main reason why all this cargo is

8 This approach of calibrating logit model is also applied in Gerrtis, 2007 where a logit
application is made to determine port competition
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currently transported with inland ships is that it is only one company who is
responsible for this cargo flow. The company is a gravel pit who exports

sand via the port of Antwerp. Sand is a traditional commodity flow for the

inland navigation sector and therefore inland ships are still used. Although

the company is located at a small inland waterway, also larger ships (up to

1100 tonnes loading capacity) are used on that waterway which will
transport 50% of all the current cargo flows (cargo flows NV de
scheepvaart, 2 009). The reason why this can be do ne is that the waterway
administrator ~ allows bigger ship s to enter the small waterway on the south
(Lock B) , via a bigger lock and to sail on the small waterway. This means
that those ships most take a detour on their trip to Antwerp compared to

small ship s which can pass the small locks at the north entrance of the
waterway (Lock A) . Infigure 13.9 an overview of this situation is given.

Figure 13.9 : Accessibility of Waterway number 4

Route

vunrs R

Source: own figure based on éeelen.et.al, 2009

This means that for r  oute 4 a nother calibration must be done. In this case

the calculated market share of inland navigation is too small. This means

that a negative firest costs 0 must be added in order to calibrate the logit
model for route 4. In this research is chosen not to add a negative cost
component for the small barge system but to exclude the rest cost
component which has been added to routes number 1 to 3.

In table 13.6 the different values of the p parameters and rest cost
components are given for the Flemish case.
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Table 13.6 : Result of the calibration of the logit model

- [eneeNPm
Routes [-1 all routes Route 1 Route2 Route3 Route4
M [-] 0.06 0.5 0.5 0.5 0.5
Road REL+FLEX [EUR/tonne] - 0 0 0 0
IN NAV | REL+FLEX [EUR/tonne] - 4 4 4 -4
SBCS REL+FLEX [EUR/tonne] - 2 2 2 0

Source: own calculations
The data presented in table 13.6 are used in the logit  model.

13.4.4 Calculation  of the market share per mode

The calculated amount of cargo that a mode will transport is equal to the
probabili ty that that mode is chosen times the total demand.

Cargo =P ... (13.9)
Cargo_i = transported amount of cargo with mode i [tonne or TEU]

Dyt = total demand [tonne or TEU]

This calculated market share for the small barge system  will now be
compared to the initially assumed mark et share (recall figure 13.4). As
mentioned before, if the calculated market share is larger than the initially

assumed market share the solution will be accepted . Otherwise the
occupation rat e of the barges has to be changed or the design changes

have to be made so that the transportation costs will be reduced.

13.5 Sensitivity analysis of the total competition model

In this section of chapter 13 a sensitivity analysis will be made for the
competition model. First the influence of the value of transported cargo on

the TLC per mode will be research ed. The second analysis will deal with the
influence of u pux 0N the total outcome of the model.

13.5.1 Sensitivity analysis TLC model

The value o f the inventory costs is much dependent on the value of the
transported (or stored) cargo, as could be seen in the large difference
between the TEU and tonne values in the graphs above. In figure 13.10 the
influence of the value of the cargo is further exa mined.
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Figure 13.10: | nfluence of value of the cargo on the TLC
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I f the value per day of the transported cargo i
specific case road transport will have the lowest TLC. If the value of the

transported car go is too high, the small barge convoy system will most

likely not be used due to too high costs. Consequently, containers with low

value products and empty containers are most suitable for the small barge

system.

13.5.2 S ensitivity analysis logit model

In the previous section a logit model was used to calculate the market

share of the small barge system. In that logit model the value of K (the
spreading factor) was chosen arbitrarily for the bulk competition model in

order to deter mi ne tnhtlds séctior the influence tofstide. I

value of u puk Will be further researched by means of a sensitivity analysis.
For the analysis the input parameters  of table 13.7 are used. In figure
13.11 the influence of the variation of puk ON the NPV will be given

From figure 13.11 can be concluded that the influence of W is rather limited.

In the range from 0.05 to 0.5 the value of the
Only if the value of p  puk is reduced to 0.01 then the NPV will be reduced

with 7.5% compared to the in itially assumed 0.5 value. The reason why the

influence of the parameter p puk 1S limited is due to two reasons. The first

reason for the limited influence is that only a part of the total transported

cargo is influenced by the variation of p puk (transpor ted amount of bulk

cargo). The competition model for containers has an own p - value which is

not affected by a change in the value of u for bulk cargo.

The second reason is that due to the addition of the TLC criteria (TLC for
buk cargo must at least be 30% lower than the nearest competitor) the
maximum allowable generalized costs is limited. If figure 13.2 is recalled it
shows that the extra criteria automatically implies that the calculated
market share will be large.
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Figure 13.11 : | nfluence value u  on the NPV
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If the value of p i is changed, than that will have an influence on the

shape of the cumulative probabil ity line. In figure 13.12 several cumulative
probability functions are sketches each representing a different value o f
Hbulk -
Figure 13.12 : Graphical overview of the influence of different values of p bulk
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Source: own figure

Figure 13.12 shows that the lower the value of Houk IS, the less steep the
cumulative probability line will become. It can also be seen that the
maximum value of generalized costs are limited due to the additional
criteria of having at leas t a reduction of 30% on the TLC. The difference
between the different lines becomes less when the generalized costs are
lower. Only when there is a large differ ence between p i values (such as
0.5 and 0.01) then there will be a difference in calculated market share. If

the market share is reduced , that will lead to less cargo that can be
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transported so that the revenue will be reduced and therefore also the NPV
This is what is observed in figure 13 A1

13. 6 Enlarging the potential market

In this section a  calculation will be made with the total model , in order to
determine the maximum additional distance that the cargo can be
transported from the small inla nd waterway to a destination further inland

with a truck . In section 4.6 the potential market for the small barge system

was determined for cargo flows to and from companies located at small

inland waterways and for cargo to and from small inland waterways plus an
additional part of road haulage.

In order to perform the calculations, all the already mentioned input
parameters of the previous chapters are used. In table 13.7 all the different
input parameters are given again.

Table 13.7 : O verview of allt he input parameters

Parameter Value

Lbarge 50 m

Bbarge 6.8 m

Loading capacity 28 TEU or 550 tonne
Independent sailing barge | Yes

U 25°

sy 25°

Vbarge 7 km/h

Nihrusters 4

Max power installed Yes

Propulsion system Batteries

N Crew members 1 Captain
Sailing range barge 45 km
Propulsion system tug Diesel direct
Npropellers 3

Sailing regime Semi continuous
Selected waterways 1,2,3

Nparges PEI waterway 2

Veomoy 12,5 k/m

Fin. Structure 20%equity / 80%loan
Inflation 1,80%

Profit TAX 25.5%

The last input needed to make the necessary calculations is the potential
market for the small  -barge system. This potential market is the market of
the current day cargo flows transported from a deep sea port (in this case
Antwerp) with small inland ship s to the small inland waterways, plus the
current day cargo flows transported to the companies located at the small
inland waterways with trucks (see table 2.5 for the complete overview of

the potential market).
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This analysis will calculate how many addi tional kilometres of road
transportation can be added to the small barge system, so that the small

barge system is still competitive towards the competing modes. Therefore

the covered distance of the competing modes is kept constant.

This analysis will b e done for both the situation when the external costs
(chapter 9) are not internalized and when they are internalized. The
analysis will also deal with a variation in the value of the goods transported

in the containers (fully loaded or empty) (the value o f bulk cargo is kept
constant). A third variation is to keep the additional truck transport for bulk

cargo at zero kilometres, so that only additional transport for container
transport is considered.

The additional costs for the small barge system will be equal to the
transportation cost  for the truck transport plus an additional handling cost
of the cargo. Because the barges can also be used as a floating warehouse,

the cargo will be stored at the barges. Therefore the containers (or tonnes

of bulk cargo) can be directly transferred from the barge to the truck so

that only one additional handling cost is added.

In table 13.8 the results of the calculations are shown. In the table the
achieved NPV is given as function of the additional distance of road
tra nsportation. First the result of the base scenario (direct calls at
companies located at the small inland waterways) is given. The second part
of the table deals with the mentioned analysis.

From table 13.8 it can be concluded that, if the transported co ntainers are

| oaded, they <cannot be transported further
distance is less than zero kilometres, due to the addition of the handling

costs of the cargo. So only the addition of an extra handling cost will make

it impossible to tr ansport the containers further inland with trucks. If the

external costs are internalized, the small barge system becomes more

competitive. However, the allowable covered distance is still smaller than

zero so that no additional inland transportation can b e done.

Table 13.8 : R esults of the calculations

Internalization
of external

costs loaded container | Additional km NPV
no additional road km no Yes none a 1,89
additional road km no yes -25 ua 98,
for bulk and containers Yes yes -10 u 274
no no 13 ua 278
no no 3 a 1,91
Yes no 27 u 204
Yes no 17 a 1,81
additional road km no yes -19 ua 125
only containers Yes yes 3 ua 96,
no no 18 a 1, 85
Yes no 37 a 1, 88

Note: 2009 values
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The reason why it is possible to add road kilometres to the small barge

system if the containers are empt y, is the value of time (VoT), which is
zero. Thereforet he (in -transit) inventory costs are zero. In section 13.3 we
already concluded that, if the small barge system is used, the inventory

costs are larger than the inventory costs of road transportation. By
eliminating those costs, it becomes possible to incre ase the area from which
containers can be transported to and from the deep -sea port. These two
potential a reas are sketched in figure 13.13

If the same analysis is done for empty containers (VoT A 0), it becomes
possible to add further inland transporta tion. Now two distances are
determined. The first distance is the maximum distance so that the NPV is
becoming positive (so the investment decision is positive) (13 km) and a
distance which will make the NPV (almost) equal to the initial NPV (3 km).

If the external costs are internalized, the two previously mentioned
distances increase to 27 and 17 km respectively.

Figure 13.13 : O verview of the increase in potential market area
Empty containers and bulk cargo
‘ -—

VL\ «M'S*“ ) e

/ _" e

Source : Own composition based on original f igure PBV
Note: dashed circle= no internalization of external costs
solid circle = internalization of external costs

From the bottom part of table 13.8 it can be concluded that, when only
considering the containers to be transported with additional road transport,
it is possible to add 3 km of road transportation if the external costs are
internalized, even if the containers are loaded. In that case the NPV is just

positive, but it is not possible to get the same NPV if the containers do not

have additio nal road transport. If the containers are empty, the potential

market area is increased in comparison with the case when also bulk cargo

has to be moved further inland with a truck.

The analysis that has been done did not include the competition of anoth er
intermodal option via the larger waterways. Therefore the total of the
regions indicated in figure 13.13 cannot automatically be added to the
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potential market for the small barge system. This is especially true of

waterways one, two and three, where the outskirts of the indicated regions

wi || reach the outskirts of the Ainter modal ran
along the large waterways.

13 .7 Preliminary conclusions

This chapter has shown that by changing the transportation mode for a
company the t otal logistics system has to be altered. If a company is willing

to shift its cargo flows to the small inland waterways, more cargo has to be

stored at their premises, thereby increasing the total inventory costs. The

price that will be offered by the smal | barge system must be low enough so

that the TLC for a company are lower than the TLC of the other modes.
Otherwise the companies located at the small inland waterways will not

shift their cargo flows. Therefore this extra criterion of smaller total logis tics
costs compared with the other modes is added to the total model.

The inventory costs are much dependent on the value of the transported
cargo. So, if the value of the cargo is too high then the more flexible and
faster mode (=road transport) will mo st likely be chosen.

The sensitivity analysis has showed that the influence of the value of p bulk IS
limited especially for values in the range from 0.5 to 0.05. Only when the

value of 4 L,k becomes smaller than 0.01 then the largest variation in NPV

wil | occur (7.5%).

From the intermodal calculations can be concluded that it is not possible to
transport loaded containers further inland with a truck for the considered

design. So, only direct calls at companies located directly at the small
waterway can be considered. However, if the containers are empty, 3 km of

road transport can be added. If the external costs are internalized, that

distance increases to 17 km. If bulk cargo has a destination at a water -
bound company and therefore only the containers h ave to be transported
further inland, the potential distance that the truck can drive is increased,

compared with the case when also bulk cargo has to be moved further

inland with a truck.

In the next chapter the complete developed model, of chapters 5 to 13, is
used to determine the most optimal design of the network and tug plus

barges. In this analysis, initially, only direct deliveries to companies located

at the small inland waterways will be considered. When the most optimal

design is determined, aga in an additional analysis will be done to check
whether it is possible, for that specific design, to add truck transport to the

small -barge system.
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14 . Applying the small barge system in a real
case

14 .1 Introducti on

To demonstrate the small  -barge convoy system developed in part | of this
thesis, the methodology developed in part Il will be applied to one
geographical area. This study will focus on a real case on the Flemish small
waterway network (this chapter) an d on a theoretical infrastructure analysis
(chapter 15). The model, developed in part Il, is used to investigate which

design of network and of tug and barge design is best to use in terms of

highest NPV. In order to research the best design and logistics system of
the small -barge convoy, several designs and network options are calculated

and analysed .

This chapter consists of 4 sections. In the first section the selection of the
geographical area is given. The second section will deal with the potential
demand of the selected area. The third part will consider the determination

of the main features of the small -barge convoy system, such as sailing
speed, number of barges deployed per waterway, etc. When the main
characteristics of the concept have been det ermined, an overview will be

given of the developed case(s), along with design of the used barges and
tug. In the last section different future scenarios are given which will be
used to analyse the developed business cases.

14 .2 Selection of the geograph ical area

The small -barge convoy system will be applied in a real case. It is therefore
necessary to select the geographical area where the concept will be applied

to. Because the concept is set up to deal with the hinterland traffic of a

main hub (seapor t), it has been chosen to analyse the feasibility of setting
up the small -barge convoy system in the hinterland of the seaports of
Rotterdam or Antwerp. In figure 14.1 an overview of the inland waterway
network in the BeNeLux can be found, where the region s are indicated with
a lot of small inland waterways.

Figure 14.1 shows that the major small inland waterways are located in
Belgium and the south of the Netherlands. A dense network of small inland
waterways can equally be found in the northern and the m id part of the
Netherlands, as well as in the region between Rotterdam and Amsterdam.

The choice has been made to do a case study based on the Flemish small

inland waterway infrastructure. In the Flemish case the port of Antwerp will
be used asthe mainp  ort.
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Figure 14.1: O verview of the selected geographical areas
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The Flemish case study is further analysed in the next section of this
chapter. There will also be an additional chapter dealing with variation of
the infrastructure (chapter 15). The reason for this chapter is to analyse the

effects of the infrastructure characteristics on the transportation costs and
the competitiveness of the small barge concept.

14.3 Potential demand

The total available ma  rket of cargo flows having an origin or destination in

the port of Antwerp and an origin or destination at the small waterways in
Flanders is given in the figure 14.2 and table 14.1. The cargo flows are a
summation of the existing cargo flows and the poten tial cargo flows that are
now transported by road.

The cargo flows shown in table 14.1 are those cargo flows with an origin or
destination at companies located directly at the small inland waterways.

The calculations in chapter 13 have shown that no addi tional road
transportation can be added to the small barge system when the containers

are loaded and when two barges are used in a convoy which is sailing to

three different small inland waterways (all the containers in the potential

cargo flows are loade d). The potential market area can be increased if
empty containers are added. But that specific cargo flow data is not
available, so that only direct deliveries to companies located at the small
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inland waterways are considered. In the upcoming section the main
features of the small barge system will be determined. When the most
promising design (barge, tug and network) has been determined, again an

analysis will be made to determine whether it is possible to add cargo flows

which have to be transported with an additional truck movement.

Figure 14.2 : O verview of the different small waterways in Flanders
=

Table 14 .1: C argo flows from the seaport Antwerp to the different waterways

ROUTE 1| ROUTE 2 ROUTE 3 ROUTE 4

Leuven- Dessel -Turnhout- Bocholt-

Small Waterway [-] | Dender Dijle Schoten Herentals
Cargo flow containers (in) | [TEU] | 2,250 7,500 8,140" -
Cargo flow containers (out)| [TEU] | 2,720 12,600 9,950 -

Cargo flow bulk (in) [tonne]| 233,500 | 128,000 10,000 231,461

Cargo flow bulk (out) |[tonne] - - 84,000 463,248

Source: BCI ( 2006) , FISN data (2008) , cargo flows WenZ and NV de scheepvaart .
(2008)

In the upcoming analysis the demand is considered to be constant. Only the

supply side will be changed. The impact of var ying demand (decreasing) will
be further researched in chapter 16 on the implementation of the small

barge convoy system. That chapter will analysed the impact of operating
the small barge convoy with only half of the potential demand.

“%in the cargo flows the container flows from the inland terminal in MOL are added
in because these cargo flows are pa rt of the potential market study of Waterslag,
2006
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14.4 Determining t he main features of the small barge convoy
system

When the total potential demand is known, the main features of the small
barge convoy system need to be determined. These main features are:

- Convoy of independent or non -independent sailing barges
- The n umber of barges per waterway

- The propulsion system of the tug (diesel direct or diesel electric)
- The sailing regime on the tug

- The design speed of the tug and barge convoy

- The selected number of waterways

- The number of extra barges in the total system

- Adding inland container terminals to the total system

In order to determine the features mentioned above, the developed model

of part Il is used to construct several graphs in which the influence of the
analysed parameter is shown. The researched parameters are expressed in
NPV of the total tug and barge system (see chapter 11). Also the calculated

total logistics costs are given (see chapter 13). The TLC per TEU and tonne

are an average of the different waterways. In this research the TLC per TEU

should be at least 5% smaller than its nearest competitors, while the TLC

per tonne should be at least 30% smaller (see chapter 13).

All the design input parameters will be same as shown in table 13.4. If
some parameters are changed, this will be mentioned in the s pecific
analysis.

In the following analysis the fuel price, interest costs, steel costs are
calculated at 2009 level. In section 14.5 the influence of changing these
figures will be determined via a scenario analysis.

As could be seen in chapter 6.3, se veral port organization options can be

used for the small -barge system. For the Flemish case the multiple -barge
exchange point option is used (6.3.2.3). The reason for this option is that
the distance between the terminal groups is considerable. Therefore, the

tug is also used to push the barges between the terminal groups in the
seaport (see figure 6.11).

The demand data given in table 14.1 is aggregated at the level of the port,

i.e. from the data it cannot be known to which specific destination the carg o]
goes in the port. Accordingly, two locations are chosen in order to perform

the calculations. The first port destination is the Oosterweel -port because
there are a lot of bulk terminals. The cargo data shows that a large part of

the cargo flows is bulk ¢ argo. The second port -area chosen is the
Wilmarsdonk -port. If the data are more disaggregated in the port -region
that could be used in the developed model (see figure 6.12).

14 .4.1 Independent or non -independent sailing barges
In this section the NPV (en terprise perspective; see also chapter 11) and

the total logistics costs per TEU and tonne are calculated for three cases in
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which barges will be pushed on routes numbers one, two and three (see
figure 14.2). Also the TLC of the competing modes are present ed.

In the first case , the tug will push single barges to the small inland
waterways, from where the tug will also push the barges on those
waterways. In the second case the tug will push a single barge at the large
waterway which can sail independently o n the small inland waterways. In
the third case the tug will push two barges to each waterway. If the barges

can sail independently on the small inland waterways, the tug and barge
convoy can increase in size (number of barges), but, if the tug also has to

push the barge on the small waterways, the tug and barge convoy is limited

to one barge, due to the fairway and lock dimension restriction on those
waterways. In the  analysed cases the tug is designed with a diesel direct
propulsion system that can sail a t a speed of 3.5 m/s. On the tug there will
be a semi -continuous sailing regime. In the preformed analysis it is
assumed that the barge can be operated with a single captain (see table
13.4). The implications of the situation when it is not possible to ope rate
the barge with one captain will be further analysed in the next part of this
chapter (scenario analysis).

In figure 14.3 the results are given from the preformed NPV and IRR
calculations.

Figure 14.3: | nfluence of independent sailing barges on NPV and IRR
Influence Indep. sailing barge on NPV and IRR
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Figure 14.3 indicates that, if the barges cannot sail independently on the

small inland waterways, t he NPV i ncr e as4l80,000 r°o im
01,800,000 if the barge can sail independently (2 per waterway). If only

one barge is us ed, the NPV is just positive.

In figures 14.4 and 14.5 the total logistics costs (TLC) per TEU and tonne
are given. Those figures could lead to the conclusion that the TLC per TEU
and tonne will be reduced if the barges can sail independently.

®0 Discounting factorr = WACC = 4.8% see chapter 11
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Figure 14.4: | nfluence of independent sailing barges on transportation price
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Figure 14.5: 1 nfluence of independent sailing barges on transportation price
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This is due to the fact that the time needed to perform a transpor tation task
increases if the tug has to push the barges on the small inland waterways.

This increase is caused by the necessity of un -coupling before and re
coupling the barge after every lock passed by the convoy on the small
waterway. The reason is that the lock dimensions are too small to
accommodate a barge including a tug. As a result of the increased
transportation time, the transportation costs, and also the transportation

price, will increase. This will result in an increase in TLC compared to the
independent sailing barges. In order to implement a new system the TLC
cannot be larger than that TLC of the competing modes. Section 13.4
determined that the TLC per TEU should be at least 5% smaller and per

tonne the difference should be at least 30%. The se differences cannot be
achieved for the non -independent sailing option. This indicates that no
suitable business case can be made if the tug must also push the barge on

the small inland waterway. Also for the single independent sailing option
the require d difference in TLC cannot be done either (the difference in TLC

per TEU cannot be obtained). A positive investment can be made if at least

2 independent ly sailing barges are used in one convoy.
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It is therefore concluded that a non -independently sailing ba rge system
cannot be used, so that the used barges must be capable of sailing
independently. From figures 14.4 and 14.5 it can also be concluded that the

TLC, and also the transportation price , is reduced if the size of the barge
convoy increases. The comp etitiveness of the small barge convoy is
increased if the size of the barge train is increased.

14 .4.2 Determining the network and number of barge sets

In this section of chapter 14 the influence of adding more waterways to the

total small barge system will be analysed . The network combinations are
varied from a single route (route 3), up to combinations of two (routes 2 -
3), three (routes 2 -3-4) and four routes. In addition, the influence of the

number of barge sets in the system is analysed . In this ana lysis, the tug is
designed with a diesel direct system and the tug will sail with a semi -
continuous sailing regime. On all the waterways , a barge convoy of two

barges is being pushed by the tug.

In figure 14.6 the NPV of minimum number of barge sets and e xtra barge
sets as a function of the number of selected routes are given (see chapter
6.4).

Figure 14.6: Influence number of waterways and barges on the NPV
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From figure 14.6 it can be concluded that by adding more routes to the
tot al barge system the NPV will increase. If only one waterway is used, no
suitable business case can be made (NPV < 0). If only one route is used
(route 3), the time to push the barges from the seaport to the small

waterway is smaller (1 day) than the time n eeded to sail and handle the
barges on the small waterway (3 days). Therefore the tug will be used once
every three days. If an extra waterway is added (Routes 2 -3), more barges

are pushed and the tug will used twice every three days. If three routes are
used, the tug will be in use every day. The NPV will further increase in this
case because the tug will be used all days.

If 4 routes are used, the NPV will decrease again. The decrease in NPV,
when combining four routes, is due to the increase in transpo rtation costs.
This increase is caused by the reduced economies of density of the tug and
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barge system. The time needed to push all the barges from all the
waterways is larger (4 days) than the time needed that the barges are on

the small waterways (3 days ). So the fixed costs are increased (due to
more barges) while there is not an increase in transported cargo.

If only a logit model was used in the competition model, the increase in
transportation costs (and also the price) could be accepted due to a

red uction in the number of departures per year per waterway. The amount

of cargo that will be transported per waterways is reduced so that a smaller
percentage of the total available demand is needed and a higher price can

be accepted. For these kinds of desi gn the TLC approach has to be added
(see chapter 13.2).

Figure 14.6 shows that by adding an extra barge set to the small barge
system the NPV will increase because more trips per year can be made. The

time needed when a barge set on the small waterway ha s to return to the
seaport is reduced if more barge sets are used. If more barge sets are
added to the system when the tug is sailing to three different waterways,

the NPV will be almost the same if no extra barges are added. The extra

costs of having more barges are only partly compensated for by a small
increase in departures per year (from 83 to 87 per waterway). If extra sets

are added when the tug is pushing barges to 4 different waterways, the

NPV will decrease again to a level below zero (no investme nt possible). This
decrease is also due to the fact that even more barges are added to a

system that will not benefit from extra capacity. In figure 14.7 and 14.8
the TLC are given per TEU and tonne for the small barge system and its
competitors.

If the TLC is analysed , it can be concluded that by adding more waterways

the TLC are reduced until there are three routes in the system. When the

fourth route is added, the TLC will increase again to the level of the TLC of

road transportation, owing to the decr ease in trips that can be made and
therefore to the increase in transportation costs. The increase in costs is

due to the increase in the number of barges so that the fixed costs are
increased. Chapter 8.3 has already shown that the total transportation co sts
are very much dependent on the fixed costs.

Figure 14.7 : Influence number of waterways on the transportation price
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In all situations, for the transportation of bulk, the TLC are lower than the

TLC of the main competitors (figure 14 .8). Therefore it can be concluded
that transporting bulk cargo has a higher potential than transporting
containers. This is due to the higher costs of keeping containers in stock

(in -transit and at the company). These stock costs are related to the value

of the products (see chapters 8 and 13).

Figure 14.8: Influence number of waterways on the transportation price
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In order to determine the network and number of barge sets, it can be
concluded that adding extra waterways is profitable until the time needed to
push the barges from the entrance of the small waterway to the seaport
becomes larger than the total time needed by the barges to spend on the

small waterway. In this case a combination of 3 routes is the best option.

Regarding t he extra barge sets it can be concluded that adding extra barges
sets is profitable if the time needed before a barge on a small waterway is
available, is reduced to a time that is equal to the time needed to push the
barges from the entrance of the small waterways to the seaport.

14.4 .3 Determining the propulsion system, sailing regime, sailing
speed and the number of barges per waterway

In this section the propulsion system, the sailing regime, the sailing speed

and the number of barges per waterway wi II be determined. All the
parameters analysed are made function of the number of barges that are
deployed on the selected waterways. The selected waterways are kept
constant and are routes numbers two, three and four (see figure 14.2). In

table 14.2 an ove rview is given of the number of deployed barges per
waterway. In the analysis of the selected parameters only the total number

of used barges is given in the graphs.
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Table 14. 2: O verview of the number of deployed barges per waterway

Route 2 Route 3 Route 4 | total barges
[] [] [] []
Option 1 1 1 1 6
Option 2 2 2 2 12
Option 3 4 2 2 16
Option 4 4 4 2 20
Option 5 4 4 4 24

In the preformed analyses the barges are sailing independently on the small
inland waterways and they are equipped with ba tteries. In chapter 8, fig 8.4
shows that the transportation costs do not differ much between the
different barge propulsion systems. The speed of the tug and barge convoy

is set at 3.5 m/s and a semi -continuous sailing regime is used. The
influence of the number of barges per waterway and opting for a diesel
direct or a diesel electric system is given in figure 14.9.

Figure 14.9: | nfluence of the propulsion system on the NPV and IRR
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From figure 14.9 it can be concluded that an optimu m value of NPV is
achieved when 20 barges are deployed. In terms of IRR 12 barges is the

most optimal option. There is an optimum because adding more barges to

the total tug and barge system means more cargo capacity and thus
generation of more revenue. On ly if too many barges are added , hot all the
barges can be fully loaded, due to insufficient demand. Therefore the
revenue will not grow while the costs do. Therefore the NPV and IRR will
decrease if too many barges are used in the network.

In figure 14. 10 and 14.11 the TLC per TEU and tonne are given as a

function of the number of deployed barges. In the same figure the TLC of
the competing modes are also added.
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Figure 14.10: Influence of the propulsion option on TLC per TEU
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Figur e 14.11 : Influence of the propulsion option on TLC per tonne
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Figures 14.10 and 14.11 show that the TLC per TEU and tonne will decrease

if the number of barges deployed on the waterways increase. The reduction

will be very small if more than 16 barges are used in the small barge
convoy system. The figures also show that the TLC per TEU of the barge

convoy are 5% smaller than the TLC per TEU of road transport. The TLC per

tonne are much smaller for the barge convoy than for the competing modes
(<30%). This large difference is mostly due to the value of the transported

cargo and therefore also to the costs related to the transportation time (in -
transit -carrying costs) and inventory costs (see also chapter 13).

In figure 14.12 an overview i s given of the average total costs per TEU and
tonne as function of the number of barges added in the tug and barge
convoy.
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Figure 14.12 : T otal costs and total average costs  as function of the number of
barges

Total costs and Average Costs

S5 G100 (1 3.500.000
O ;g ~—= -+ (3000000
5 e - 1 412500.000 &
S 060 P e —— R T
2 u4o0 — = 0 1.500.000
Q490 o 1 41,000,000
= i + 4500.000
uao T T uo

0O 4 8 12 16 20 24 28 32 36 40

number of barges in the system (-)

—e—TAC —=—TC

Note: 2009 valu es

The figure shows that the total average costs (TAC) decrease until there are
24 barges in the total system (4 barges per waterway). If more barges are
added, then the TAC are almost constant. In the same figure also the total

costs are shown, which wil | not grow exponentially but will increase with a
power smaller than one. This can be seen in relation 14.1.
— p
TC=2a N, s (14.2)
TC= total costs [EUR]
A =constant =282,611 [EUR]
Ngarges = NUMber of barges [-]
Dz = constant = [44. 6638
Figure 14.9 was already concluded that the most optimal configuratio n of
the small barge system is achieved when 20 barges are deployed. The 20 -
barge option is in the region that the TAC are still (slightly) decreasing. This

is an indication that the demand line will intersect the marginal costs line at
a position where the TAC is still decreasing.

In figure 14.13 a schematic overview of the demand, the long -run marginal
costs (LRMC) and the total average costs (TAC) lines of th e small barge
convoy system are given. In this figure the LRMC -line of the small barge

concept will intersect the TAC in its minimum. The figure shows that the

TAC will decrease with the increasing size of the deployed convoy. This can

be explained by the  fact that the crew costs, for example, depend on the

size of the convoy. If the barge convoy is increased from 1 barge to 2
barges, no extra crew members are needed. Therefore the crew costs are

the same on the large waterway. The fuel costs per loading un it will also be
reduced because by increasing the size of the barge -convoy the resistance
will grow less than linearly, due to the barge train coefficient (see chapter

7.2). When more power is needed to push more barges, larger engines will

be installed wh ich will be more effective than the smaller engines (see
chapter 7.3).
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Figure 14.13 : Schematic overview of the demand - and the supply line of the SBCS
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Figure 14.13 indicates that the demand on the small waterways is too small

so that the demand line will have an intersection with the marginal costs

line at the point where the TAC is still decreasing (g2). This indicates first of

all that the prices cannot be determined by the LRMC because in the long

run the TAC are highertha nthe MC (P1* - P1). Secondly, this indicates that
not enough cargo is available to accommodate similar small -barge systems.
Therefore the small barge convoy will operate in a natural monopoly. This

means that no other inland shipping company can enter the same business
with the same costs structure (large amount of fixed costs which relates to

the amount of barges in the small -barge convoy system). Traditional small
ships and trucks with different costs structures can enter the market.
Therefore this small barge convoy system is quite similar to the railway
operators, large electricity plants, water plants, etc. The reason for this
behaviour is the large impact of the fixed costs on the total costs. The

better the assets are utilized, the lower the average  costs will be.

From figure 14.9 it can also be concluded that the difference between the
diesel electrical option and the diesel direct propulsion option is very small.

In the first two options (6 and 12 barges) the difference is negligibly small.

When mo re barges are added, the NPV of the diesel direct option is a little

bit higher than the NPV of the diesel electric option. Even if a propulsions
system is designed for two specific sailing conditions (pushing 2 or 4
barges, see section 7.3), that more com plex and expensive option will not
result into a higher NPV.

The result can be explained by the relatively small power requirements

between the two design conditions. If a diesel -electrical option is installed,
the generator -set installed for the second condition (4 barges) is small,
which will lead to a higher specific fuel consumption of the small gen -set

(small engines consume more fuel per produced kW than larger ones). A
diesel electrical propulsion system also has an additional loss of 10%
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because mechanical energy has to be transformed into electrical energy,
which again has to be transformed into mechanical energy.

Graphs 14.10 and 14.11 show that the difference between the TLC for the

diesel direct and the diesel electric option is very small. It can be therefore
concluded that it does not matter which propulsion option is chosen in

terms of NPV and TLC. Consequently, the choice of a propulsion system has

to be based on other aspects such as the most reliable and easiest to install

option. In th ose terms the diesel direct system is more in favour then the
diesel electrical system. The diesel electrical system will have more
components such as electric engines, switch boards and converts. This will

make that option more complex, while the extra co mplexity will  not lead to
extra NPV compared to  the more robust diesel direct system. Therefore the
diesel direct system will be chosen to be installed on the tug.

The next parameter to be analysed is the sailing regime on the tug and
barge convoy. In thi s analysis the same route combinations as in the
previous analysis are used. Only , how is the sailing regime varied instead of
the propulsion system. The now fixed propulsion system is the diesel direct

option. Figure 14.14 shows that there is a large diff erence between the
semi (SC) and full  -continuous (FC) sailing regime.

Figure 14.14 : Influence of the sailing regime on the NPV and IRR
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The semi -continuous option has a much higher NPV and IRR than the full
continuous option. Ina FC o ption the tug will be in use for 24 hours per day

(including 24 hours per day crew -costs on the tug), while there are not
enough barges to move in the extra time. Therefore the extra costs are not
compensated for by extra revenue. The NPV will increase for the full

continuous options if the barge train size increases from 6 to 26 barges.

The NPV of the full continuous option is increasing with increasing barge

train size. If the barges are operated 24 hours per day, the transportation

time is reduced result ing in a decrease of the in  -transit -inventory costs.
This will have large impact

The same conclusion can be made based on the figures 14.15 and 14.16,
where the TLC is given for the SC and FC sailing regime.
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Figure 14.15 : Influence sailing regime on TLC per TEU
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Figure 14.16 : Influence sailing regime on TLC per tonne
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The TLC per TEU decreases to the level of SC sailing regime if the FC sailing

regime is used when the number of barges in the network is increased. This
is because, when the available operating time of the barge is increased, the

total transportation time is decreased (from 1.3 days in the SC to 0.74 days

in FC). This decrease in transportation time will also decrease the in -transit -
inventory costs. T his decrease in inventory costs is the largest for the
commodity type with the largest value (loaded containers) instead of the
commodity type bulk. The increase in the transportation price will be
countered by decreasing the in -transit -inventory costs for container
transport and not for bulk transport. As a result, the TLC per tonne for the

FC sailing regime is much higher than the TLC when the SC sailing regime is

used, which decreases the competitiveness.

Based on the higher NPV of the SC sailing regime and the lower TLC per
TEU and tonne cargo, it can be concluded that a semi -continuous sail ing
regime has to be chosen in instead of the full continuous sailing regime.
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The third parameter to be analysed is the speed of the tug and barge
convoy. In this a nalysis the same route combinations are used as in the
previous analysis; only the speed is varied instead of the propulsion system

or sailing regime. The sailing regime is now determined at semi -continuous.
In figure 14.17 the influence different design s peeds are given. The speeds
are varied from 2.5 m/s (9 km/h), 3.5 m/s (12.6 km/h) to 4.5 m/s (16.2

km/h).

Graph 14.17 shows that the NPV for the 2.5 m/s and 4.5 m/s option is

lower than the 3.5 m/s option for all the barge combinations. The line of the

4.5 m/s option has the same pattern as the 3.5 m/s line with an increasing

NPV when the number of barges pushed is increased until there are 20
barges in the total system. The maximum value of the 2.5m/s is reached

when there are 16 barges deployed. The 4.5 m/s design has a higher NPV
than the 2.5 m/s design when the barge train is increased (N barges >12). This
is because the higher speed will decrease the transportation time so that

more trips per year can be made if at least one barge train has four barges.
If four barges are coupled in one convoy, the time needed to couple and
decouple them will be consume quite a lot of time, so that less time is
available to sail. By increasing the speed this can be compensated for in
comparison with the 2.5 m/s design. O ver the total range of barge train size
the 3.5 m/s design still has the highest values, so that increasing the speed

to 4.5 m/s is not useful.

Figure 14.17 : Influence speed on the NPV
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In figures 14.18 and 14.19 the TLC for the thre e different sailing speeds are

given. Those figures show that the 3.5 m/s option will have the lowest TLC
up to the moment that 20 barges are in the system.
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Figure 14.18 : Influence speedon  TLC per TEU
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Figure 14.19 : Influence speed on TLC per tonne
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One of the most important parameters that will influence the transportation

costs if the speed is changed is the fuel price. In the previous analysis the

fuel cost was taken as the <current f6Q0 eper topne i 2009 o f a
value). But the tug and barge convoy will be operated for at least 20 years.

Therefore, in order to determine the speed of the convoy, the expected fuel

price must also be taken into account. In order to perform these
calculations, option 4 (20 barge s) is analysed further with the var iation in
the fuel price from a2@OpertognrerThetresuts @ankdeo G
found in figures 14.20 and 14.21, where the TLC as function of the fuel

price is shown. In these calculations the TLC will be determined, so that for

all the calculations t he NPV is the same as in the base scenario, in which

the fuel costs were equal to 600 EUR per tonne.
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Figure 14.20 : | nfluence fuel price on the TLC per TEU
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Figure 14.21 : | nfluence fuel price on the TLC per tonne
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From figures 14.20 and 14.21 it can be concluded that by increasing fuel
price the TLC per TEU are increased slightly, but that by increasing the fuel
price the option of sailing 3.5 m/s will result in the lowest TLC per tonne.

For the TLC per TEU the same conclusion can be drawn, except, if the fuel
costs halved (300 EUR/tonne), then the speed of the barge convoy should

be increased to 4.5 m/s ( 19 km/h). Another conclusion is that the TLC is
not very dependent on the fuel costs. This is due to the costs st ructure of
the small barge system (see figure 8.4). The majority of the total logistics
costs are determined by the fixed costs, crew costs and the container
handling costs (see chapter 10), causing changes in the fuel price not to
affect the total logisti  cs costs much.

It is consequently concluded that the speed of the tug and barge convoy
should be 3.5 m/s (12.6 km/h). This speed will have the highest NPV for all
the analysed tug and barge configurations and it will lead to the lowest TLC
(also for high  fuel prices), turning it into the most competitive option.
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If the number of barges is considered that are deployed on the selected
waterways, the optimum condition is when 20 barges are deployed
(maximum value of NPV), while when 12 barges are deployed, th e IRR has
the highest value. The reason for this difference in maximum IRR and
maximum NPV is the reduced filling rate of the barges when the number of

barges in the total network is increased. The reduction in filling rate is

caused by the limited amount of cargo that can be transported.

Because for all the analysed barge combinations the IRR is larger than the
minimum required WACC, all options can be accepted. Now the selected
barge convoy configuration will be determined by the highest level of NPV,
which is option 4 (20 barges option) (see also chapter 11).

The optimum number of barges is the same for all the analysed
parameters. Therefore a change in sailing regime, speed of the convoy or
propulsion system does not affect the optimum composition of b arge

convoy on the selected waterways.

14.4.4 Influence of adding additional truck transport to the small
barge system

In this section the influence of adding additional truck transport to the most

optimal design of the network and tug and barge design wi Il be analysed .
The influence of three different parameters is determined on the allowable
kilometres that can be added to the small barge system. The parameters

are the internalization of the external costs, all bulk cargo having an origin

or destination at a water -bound company (no additional road kilometres)

and the effect of loaded or empty containers. In table 14.3 the results of

the calculations are given. The analysis will be same as has been done in

chapter 13 (sensitivity analysis competition model ).

Table 14.3: 1 nfluence of adding truck transport

int. Ext | loaded container | Additional km | NPV
no additional road km No Yes Non a 4,07
additional road km No Yes -19 a 99,
for bulk and containers Yes Yes -2 ua 4, 21
Yes Yes 7 a 1, 93
Yes Yes 13 U4 252
No No 3 G 106
Yes No 21 ua 4, 21
additional road km No Yes -12 ua 161
only containers Yes Yes 17 a 4,16
No No 2,5 a 4,10
Yes No 30 a 4,13

Note: 2009 values

From the calculations it can be ¢ oncluded that it is not possible to add truck
transport to the small barge system if loaded containers and bulk cargo

have to be transported without internalizing the external costs ( -19 km). If
the external costs are internalized, 7 km can be added in ord erto have a n
NPV which is 50% of the base case when no additional road transportation

is considered. If the containers are empty, 21 km of road transport can be

added if the external costs are internalized.
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If the bulk cargo flows all have a destination ( or origin) at water -bound
companies, it can be concluded that loaded containers cannot be
transported further inland with a truck. If the external costs are internalized

for loaded containers, 17 km of additional road transport can be added. If

the contain ers are empty, those containers can be transported for 2.5 km

even without the internalization of external costs. The best option to add

truck transport to the small barge system is when the external costs are
internalized, the transported containers are e mpty and bulk cargo will have

a destination (or origin) at the small inland waterways (30 km).

14 .45 Influence ofa  dding inland container terminals to the
network

The last parameter to be analysed in this chapter is adding inland container
terminals (IC T) to the total barge system. In this analysis two different
designs are considered. If an ICT is added, of the barges which are pushed

by the tug are left behind at the inland terminal. The barges which are used

to sail between the inland and deep -sea ter minals are now designed without
a wheelhouse. This is not needed because these barges do not have to salil

long periods. The barge -train formations are coupled and uncoupled at the
ICT. In figure 14.22 the locations of the ICT are given on the selected

rout es.

Route 2

Ui i B ORE™:

/4

Note:1) original figure adapted from PBV; 2) Rectangles are the locations of the
ICT

In this analysis calculations will be made with and without the addition of

ICT to the tug and barge network. In the first calculation the tug and barge
convoy will sail to routes 2 -3 with 6 barges on route 2 (of which 2 barges

are only going to the inland terminal) and 4 barges on route 3 (on route 3

the ICT was already incorporated; see section 14.2). In the secon d option a
4-barge convoy is deployed on routes 2 -3 (2 ba rges willgoto an ICT) and a
2-barge convoy on route 4.
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Because no detailed cargo flow information is available from the ICT added

to route 2, the occupation rate of the barges sailing to the inlan d terminals
is fixed at 70%. The criterion applied here is that the TLC for the small -
barge system must be at least 10% lower than the nearest competitor (RHK

inland ship).

In figure 14.23 the NPV and the IRR of the tug and barge convoy are given
as a f unction of the two different route combinations.

From figure 14.23 it can be concluded that the NPV will increase if ICTs are

added in the total tug and barge system. The increase in NPV is higher
when the tug and barge system only sails to routes number s 2 and 3. This
higher increase for the route 2 -3 combinations is due to the higher number

of possible trips per year in the 2 -3-4 option. The reason for the higher
number of trips per year is tha t, due to the increase in barge -train size, the
time needed to couple and uncouple the barge trains is increased and so is

the total transportation time. Owing to this increase in transportation time :
the number of trips per year is reduced, but this loss in trips is
compensated for by the increase in value of tran sported cargo.

If only two routes are combined into the network (routes 2 and 3), the
increase in time does not decrease the number of trips that can be made
per year because the time that the barges need to spend on the small
waterways is larger than th e time needed for the tug and barge convoy to
sail on the large waterway. Therefore the number of departures is

determined by the Asmall waterwayo time (see al
routes are used, the concept gains by the addition of extra tonnages, while,
if three routes are used, the concept Asufferso

of extra barges in the convoy.

Figure 14.23: Influence of adding ICT on the NPV and IRR
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In figure 14.24 and 14.25 the TLC per TEU and tonne are presented, while

in figure 14.26 the TLC per TEU are given for the cargo transported to the
inland terminals with the small barge convoy system and the existing larger
inland ships (RHK ship).
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Figure 14.24: Influence of adding ICT on the transportation price
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Figure 14.25: Influence of adding ICT on the transportation price

Note: 2009 values

Figure 14.26: GC per TEU for the SBC and existing large inland ships

Note: 2009 values

From these figures the conclusion can follow that by adding extra ICT
barges to the convoy, the TLC per TEU and tonne do not change much. The
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