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Summary

North West Connect is looking for the implementation of a modal shift, in order to reduce the
number of road transport kilometers in Noord-Holland. A modal shift deliberates on a more
sustainable transport and results in less congestion on the roads across North Holland. North West
Connect requested young professionals of the Amsterdam University of Applied Sciences to research
the possibilities for a modal shift implementation in North Holland. The focus is diverted to the
transportation of containers with the use of Inland Waterway Transport. The North Holland Corridor
will be transporting TEU between Amsterdam and Alkmaar. As Amsterdam has excellent connections
via land and sea to other destinations and Alkmaar opens new connections.

This advisory report covers the following question: “By which infrastructural and logistical transport
solutions can our team of Off-Road runners organise an infrastructural logistic joint corridor in Noord-
Holland in the upcoming year?”

To answer the main question, the research team researched the following criteria: Financial,
Infrastructure, future proof and environmental aspects. Also, the current vision of the industry is
considered in this report. Within the infrastructure of the logistic model, it is assumed that the new
container terminal in Alkmaar is expected to be build.

Concluded from the research is that the project is feasible to execute, but a change in mindset is
required within the industry for the successful execution of this project.

The calculated scenario of a class Il ship (type Dortmunder) can lead up to a savings of 54.55 euro
and a CO, emission reduction of 32.89% per transported container. For a class IV (type Europa ship)
savings can lead up to 71.99 euro and a CO; emission reduction of 46.32% per transported container.
With these savings the maximum last mile range for the Dortmunder is six kilometer and, for the
Europa ship the maximum last mile range is eight kilometers.

The project covers the Future Proof aspects, with the implementation of Physical Internet in the
logistic process. By applying the technique of Physical Internet, the logistic process for transportation
will be made less complicated to manage and gives a better tracking overview where goods are
located within the process. The feasibility of this project demands the industry willing to shift to a
sustainable alternative. In order to convince the industry of the use of a modal shift, Team Noord
West Connect 2 has designed a logistic model. This model is illustrated in the schedule below (figure
1) and is based on a 14-hour workday, providing the optimal working schedule available. The
schedule provides a two-weekly planning, which completes seven cycles in total.

Time in UTC
WEEK 1

Monday Tuesday Wednesday Thursday Friday
0 2 4 6 8 10121416182022(0 2 4 6 8 101214 161820220 2 4 6 8 1012141618 20220 2 4 6 8 101214161820 22|10 2 4 6 8 10 12 14 16 18 20 22

Cycle 3

Cycle 1

Time in UTC
WEEK 2

Monday
0 2 4 6 8 10 12 14 16 18 20 22

Tuesday
0 2 4 6 8 10 12 14 16 18 20 22

Wednesday
0 2 4 6 8 1012 14 16 18 20 22

Thursday
0 2 4 6 8 1012 14 16 18 20 22

Friday
0 2 4 6 8 1012 14 16 18 20 22

Cycle 5

Figure 1: Schematic view of planning (Team NWC2, 2020)
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Preface

This advisory report contains the layout of the North-Holland corridor. Young professionals from the
minor Future Proof Airport Seaport Logistics from the Amsterdam University of Applied Sciences
formed a project team that have worked on this project for Lean and Green Noord Holland.

This report contains a logistical model for the implementation of the North-Holland Corridor, a
scheduled inland shipping service to stimulate modal shift in the region Noord Holland. This includes
a shipping plan and a theoretical framework supporting the logistical model.

The young professionals would like to thank Sjoerd Sjoerdsma as project sponsor during the minor.
Furthermore, the professional coaches: Patrick Oudijk, Jolanda Visser and Thierry Verduijn from the
Amsterdam University of Applied Sciences supported and assisted the team during this project.
Lastly, the team also thanks Kees Modderman from Bureau Voorlichting Binnenvaart and Jaap
Schuurman from Stad Alkmaar Logistics, for their detailed information that have deliberated on the
outcome of this project.

Amsterdam, December 28", 2020

Ahmed Ibrahim

Avni Tayang

Nanne van Schravendijk
Rick Brouwer Popkens



Abbreviation list

Abbreviation

Meaning

Al

Artificial intelligence

BVvVB Bureau Voorlichting Binnenvaart
CO; Carbon Dioxide

SOx Sulphur oxide

NOx Nitrogen oxide

PMx Particulate matter

loT Internet of Things

TEU Twenty Foot Equivalent Unit
Pl Physical Internet

ZES Zero Emission Services

IWT Inland Waterway Transport
HP Horsepower

kg Kilograms

NSC North Sea Canal

GHG Greenhouse Gasses

LNG Liquified Natural Gas

KW(H) Kilowatt (per hour)

NH Noord-Holland
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1. Introduction

The North West Connect program has been set with various stakeholders in order to achieve a main
goal, the reduction of the transport kilometers on the road by changing the way of transportation
(modal shift) to more Inland Waterway Transport (IWT). The desired impact from the program is to
improve the quality of living by reducing emissions with a more efficient supply chain and to increase
the regional competitiveness and accessibility of the region. It is therefore essential to setup, present
and analyze an appropriate model in order to strive for the mentioned objectives. Although Noord
West Connect has identified multiple shippers who want to shift from the current road transport to
rail or Inland Waterway Transport, there is no appropriate service offered on the intermodal
transport market.

1.1 Main Question

This advisory report answers the following main question: “By which infrastructural and logistical
transport solutions can our team of Off-Road runners organise an infrastructural logistic joint corridor
in Noord-Holland in the upcoming year?” In order to reach this goal a research shall be conducted
based on the preliminary examination phase, the feasibility phase and as last the implementation
phase as stated in the minor study plan of team Noord West Connect 2. This research will only focus
on the possibilities and the theoretical layout of the North-Holland corridor. No companies are
actively approached to physically join the North-Holland corridor. In this report multiple assumptions
are made based on confidential information provided by professionals in the nautical and logistic
sector.

1.2 Structure

The structure of the report is as follows. In the starting chapter 2 an analysis is conducted containing
the identification of the most suitable trajectory. Along the chosen route, locks and bridges are
pointed out that may act as a constraint relevant for the classification of ships and the docking
facilities necessary to accommodate a ship. Followed up by chapter 3, the entire logistical model is
pointed out covering the final trajectory that is being sailed with, suitable ships that can be utilized
along this trajectory including potential constraints, the type of goods expected to be distributed
with the focus on container handling, the choses docks for the loading- and unloading phase and
finally a forecast of how the ships are being planned to be distributed including time slots and
frequencies. Chapter 4 discusses the relevant financial factors when realizing a modal shift, a
calculation tool has been developed in order to get an overview of how beneficial Inland Waterway
Transport compared to trucks are and the money saved within this process. Current hubs and routes
that are made available including the connection with the use of trains, trucks and ships are being
covered within the chapter 5. Followed up by chapter 6 sustainability within the North-Holland
corridor, the main topics covered in this chapter starts with an analysis comparing the number of
Carbon Dioxide is being produced by both trucks and ships and a given percentage of much is saved,
current alternatives to marine fuel and future developments in order to strive for an emission-free
operation and finally the various number of benefits achieved when operating sustainable within the
NH-corridor. Chapter 7 focusses on the futureproof aspects that links this minor and this project with
each other. At last is the importance of Physical Internet discussed. Chapter 8 provides insights in the
industry vision, their logistical problems and potential partners for the North-Holland corridor are
discussed. This report will be wrapped up in the last two chapters 9 and 10, followed up by a
conclusion with the most relevant information from the research and a recommendation for the
company NWC whether the transition to a modal shift is worth it.
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2. Infrastructure

The functions of well-functioning infrastructure are mandatory for the transportation of different
goods. Especially at water trajectories where diversion is often not a possibility. This chapter focusses
on the different water trajectories within Noord-Holland, the restriction by the bridges and the locks
and as last the docking facilities in Amsterdam and Alkmaar.

2.1 Water trajectories

The optimal route to follow by boat from Amsterdam to Alkmaar and back is by following water
trajectories:

e Noord-Zeekanaal

e Zaan

e Tapsloot

e Enge Strierop

e Weide Stierop

e Alkmaardermeer

e Noord Hollands Kanaal

Waterways are maintained by Rijkswaterstaat in the Netherlands, it is their responsibility together
with the province of Noord-Holland and the local councils to make sure that these routes and their
crossing bridges keep in decent condition.

2.2 Bridges and Locks

Along the route from Amsterdam to Alkmaar various bridges cross the route. These needs to be
identified in order to come across potential constraints that may affect the type of ships that are being
distributed within the North-Holland corridor. The following table provides all the constraints.



Noordsea Channel - Alkmaarmaardermeer - Alkmaar (Zaan route)

Movable

Bridge Width
Dr. J.M. den Uylbrug
Wilhelmina brug
Beatrixbrug

Prins Bernhardbrug
Spoornbrug Zaandam

Prins Willem Alexanderbrug
Coenbrug

Julianabrug

Zaanbrug

Prins Clausbrug

Prinses Amaliabrug
Leeghwaterbrug Alkmaar

Lock Width

Wilhelminasluis Zaandam*

17,7
12
12

17,6
16
14
14

16,5
12

14,7

16,5

15,5

14

Fixed

Depth Width Max Hight
26,6 7,1
8,15 3,2
14,21 3,1
25 6,2
17 4,5
30,1 7,2
15,5 4,4

Depth Length
4,7 156

* Maximum size allowed: 86 m (length); 9,50 m (width)
Figure 2: Restrictions by bridges and locks Zaan (Rijkswaterstaat, 2020)
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It can be concluded that the lock at Zaandam determines that ships cannot be bigger than the length

of 86 m and a with 9,5 m.

2.3 Docking Facilities

In Amsterdam the port of Amsterdam has all the docking facilities necessary for a ship. From the
loading and unloading containers to dumping waste and refueling.

Facilities / Ports Amsterdam Alkmaar

Fuel and Lubricants X No Information Available
LNG X No Information Available
Drinkwater X No Information Available
Garbage X No Information Available
Garbage form shipment ex X No Information Available
Oil and Fat containing debry X No Information Available
|EIectricaI connections X No Information Available
Container storage X No Information Available
Load and unload facilities X X
Dimensions Ships No restrictions No Information Available

Figure 3: facilities (Port of Amsterdam, 2020) (Sjoerdsma, 2020)

The port of Amsterdam is also big enough for turning large ships into the right direction for
departure. The future Port of Alkmaar will have the loading and unloading facilities for containers,
but it is unclear if the other facilities are available at the moment of writing this report. The port of
Alkmaar will be suitable for turning a ship around in the right direction for departure.
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3. The Logistical model

Setting up a (new) logistical model is not only about solving current problem(s) temporarily but
coming with innovative solutions to gradually solve the problem(s) for the long-term. Our logistics
model, the North-Holland corridor, comes with various challenges, ranging from finding a cost-saving
trajectory between Amsterdam-Zaandam-Alkmaar, high investments, to finding
stakeholders/companies that are willing to participate whilst providing of a cost-effective and future-
proof solution.

Assumption, for the mentioned implications are being taken into consideration that may obstruct a
successfully implementation of a modal shift and a joint corridor through North-Holland. The

following chapter will discuss thoroughly the trajectory, docks, classification of ships, potential
partnerships and the type of load cargo that will be distributed.

3.1 Route

To get from Amsterdam to Alkmaar and back ships a will have to

follow a specific route. Heiloo
When a ship will depart out of the port of Amsterdam it will at come A
across the following waterways: Limmen o=t
5 Akerslo 2 Gmm%firag'c RIp
1. Noord-Zeekanaal ficum Me
2. Zaan Uitgeest
3. Tapsloot emskerk
4. Enge Strierop Kromment Widew
5. Weide Stierop K
6. Alkmaardermeer
7. Noord Hollands kanaal

The numbers matching the waterways are also shown in figure 4:

3paamdam

Figure 4: North Holland
Corridor (Team NWC2,
2020)

In figure 4 an alternative route is provided. The route goes through the Nauwernasche Vaart and is
more direct than the Zaan Route. In this waterway the Schermer lock is positioned. This lock has a
very limited capacity. Ships cannot be longer than 27.00 meters and 5.70 meters wide.
(Rijkswaterstaat, 2020). These relatively small sizes make this route unsuitable for industrial shipping.
Lastly, there is a third route to get to Alkmaar out of Amsterdam. This route follows the complete
Noord Hollands kanaal, which goes via Purmerend. This detour is much longer than the Zaan route
and therefore automatically less interesting.

10
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3.2 Docks

Chosen is for 2 transshipment terminals with the docking facilities for loading and unloading sea
containers. The first one is the Port of Amsterdam. The port of Amsterdam is the second largest
transshipment terminal of the Netherlands located at the west side of the city along the lJ-river and
the Amsterdam-Rijn channel. The terminal of Amsterdam is chosen as hub for all the goods
transported from the province to other parts of the country or other countries. This because
Amsterdam has a good connection to the largest port of the Netherlands Rotterdam, but also good
connections to the hinterland.

The second transshipment terminal is the future transshipment terminal of Alkmaar. Alkmaar is
chosen because it is in the middle of the province and is the largest city in the vicinity and is the
destination for phase one of the connection of the province by ship.

Zaandam is not chosen as Docking Hub because the port of Zaandam is adjacent to the Port of
Amsterdam.

3.3 Ships classification

Now the trajectory including the constraints have been mentioned within paragraph 3.1.

This paragraph’s main focus is to know the type of ships are able to sail from Amsterdam to Alkmaar.
Within this trajectory various bridges and lock are identified and mentioned in paragraph 2.2,
including the dimensions of each. With the use of this information, criteria’s can be created in order
to select the most suitable ships to be distributed. The classification of the ships has been placed in
Appendix 1 as reference.

Starting with the first criteria, the dimensions of bridges and locks as mentioned in chapter 2.2, the
selections of ship classes mentioned in appendix 1 can get narrowed by applying the second criteria,
drafts. This will be covered after applying the first criteria.

The lowest width on the bridge and lock within our
trajectory is the Spoorbrug Zaandam (8,15 meters) and —

Wilhelminasluis Zaandam (14 meters) with a draft of 4,7 = L8
meters. However, as Spoorbrug Zaandam is divided into D 2.85
two sections, (a movable and a fixed area) the movable

area of 16 meters can be used. Therefore, the mentioned

width of 8,15 meters can be disregarded. As a result, all

classes can be exploited when applying this criterion, with

the exception of class VIb/Vlc.

L95

The sailing route that starts from the North Sea Canal B11s
(NSC) has several draft limitations that might impact the S
type of ships that can be used. The NSC draft including the

lock can accommodate a maximum of 13,10 meters oy
whereas the Zijkanaal G has a draft of 8 meters >
(Pantela, 2018)

(Overheid, 2020). Sailing after Zijkanaal G however =L

(starting from the Zaan) the draft is limited to only 2,85
meters (as illustrated in figure 5). This limitation continues
altogether until Alkmaar. Thereby, only ships of class I-lllI oy B
(the Spits, Kempenaar, Neokemp and Dortmunder) can be T Y AT
used if considering that the draft is a limitation.

Figure 5: Trajectories draft limitation

11
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From the interview that has been conducted with Kees Modderman, the logistical advisor of BVB,
(Bureau Voorlichting Binnenvaart) concluded that the draft does not have to be considered as a
limitation only when ships are operating at maximum payload, as ships are tending to sink more
when the weight of shipments/payload are increased. Our assumptions are that the ships will
operate at a capacity of 95%, that there is a balance between full and empty containers from
Amsterdam-Alkmaar and vice versa, and the average tonnage within one container is 18, depending
on the type of product loaded in the container. Therefore, the draft limitation will not affect the
remaining classes I-Va.

3.4 Type of load

Various goods require different handling and facilities, for the sake of the NH-corridor, the main focus
will be diverted to the shipments of container cargo with the potential of a transshipment terminal.
The type of goods transported including the volume, will determine the trajectory, frequency and the
type of ships suitable enough, to be distributed within the NH-corridor model.

The shipment of maritime and continental containers can help to increase the current declining
share of the Inland Waterway Transport. The number of truck movements eliminated yearly on the
road with the current terminal is 109.000. By developing a new transshipment terminal however in
one of the following areas: Schiphol, Alkmaar, Amsterdam-Rijnkanaal or around the top of Noord-
Holland, a potential of 171.000 yearly truck movements yearly on the road can be eliminated.
(Pantela, 2018).

The trajectory Zaan-Alkmaar had a total volume of 889.436 tonnes of fodder goods divided through
Koog aan de Zaan, Zaandam and Wormerveer (Pantela, 2018). Alkmaar is an important destination
when it comes to construction materials and wood chips, a total volume of 340.561 tonnes has been
transported from the Zaan. As Noord-Holland is the main province in The Netherlands with a large
proportion for the transportation of fodder goods, continues volume growth is expected within
Zaanstad-Alkmaar in the upcoming years.

Shippers currently face the problem that there is insufficient cargo on one’s own to transport the
goods to the desired destination through Noord-Holland whilst being cost-effective. Freight can be
bundled between shippers, to gradually solve this problem. This results in sufficient volume for the
shippers to participate, and a cost-effective Inland Waterway Transport. As a result, there will be less
traffic movements, a reduction of costs and environmental pollution for the shippers within the
supply chain (Ministry of Infrastructure and Water Management, 2020).

3.5 Planning

To maximize the benefit of the modal shift, this planning will schedule the greatest number of trips
possible in a week. For this situation, there will only be looked at weekdays. There are multiple
options when it comes to how many hours are available in the day. The options are: 14 hours, 18
hours and 24 hours. For this planning the 14-hour option was chosen. This is to reduce the cost per
day. For the other options more personnel have to be hired making the personnel costs higher.

With the 14 available workhours there are a total of 70 hours of potential time that can be used each
week. The total time needed to sail retour is 10 hours. It takes about 4 hours to load and unload a
ship. This has to be done twice each retour, so this is an additional 8 hours. Lastly an additional 2
hours has been added to compensate for any delays. This sums up to a total of 20 hours each retour
(Modderman, 2020). This is schematically shown in the following chart.

12



Type Hours
Time sailing retour 10
Time for two times loading and unloading 8
Time for potential delays 2
Total 20

_—

’g

Figure 6: Schematic view of required time (Team NWC2, 2020)

This means that with 70 hours available and 20 hours required for a retour, 3.5 retours can be
completed each week. So, in this planning 7 retours will be planned over the course of two weeks.
This planning if shown in the following figure, this figure is also illustrated in full size in a

Time in UTC
WEEK 1

Monday
0 2 4 6 8 1012 14 16 18 20 22

Tuesday
0 2 4 6 8 10 12 14 16 18 20 22

Wednesday
0 2 4 6 8 10 12 14 16 18 20 22

Thursday
0 2 4 6 8 1012 14 16 18 20 22

ppendix 2.

Friday
0 2 4 6 8 1012 14 16 18 20 22

Time in UTC
WEEK 2

Cycle 1

Monday
0 2 4 6 8 1012 14 16 18 20 22

Tuesday
0 2 4 6 8 1012 14 16 18 20 22

Wednesday
0 2 4 6 8 10 12 14 16 18 20 22

Cycle 3

Thursday
0 2 4 6 8 1012 14 16 18 20 22

Friday
0 2 4 6 8 1012 14 16 18 20 22

Cycle 5

Figure 7: Schematic view of planning (Team NWC2, 2020)

Cycle 7

This model is irrelevant to the type of ship being used, as processes have a fixed time duration.
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4. Feasibility of the North-Holland Corridor

Last chapter the logistical model was discussed. To make this theoretical plan a reality, it must be
financially feasible. In this chapter the financial feasibility of the corridor will be investigated. This will
be done by looking at each financial factor that is involved in both transport by truck and by ship, and
eventually comparing both to conclude how much money can potentially be saved by modal shift.
With this chapter the sub question that will be looked at reads as follows: “Which challenges are
involved with the feasibility of realizing an infrastructural logistic joint corridor in North-Holland?”

4.1 Calculation tool set up

To calculate if modal shift is feasible, the costs of transporting by truck and by ship will be compared.
To do this several financial factors must be considered. First of all, the number of containers
transported each round trip has a big impact on the benefit of transporting by ship. The more
containers are transported each round trip, the more money is saved.

But this is not the only financial factor that is involved in this comparison. Handling cost, fuel cost,
ship cost and truck driver cost all have to be considered to make a complete financial comparison.
For the restrictions, the minimal of 5000 containers transported each year has to be considered. To
make a harbor cost effective, it must handle at least 5000 containers each year (Modderman, 2020).
For the port of Amsterdam this is not a problem. But for the port of Alkmaar, this is an impotent
factor consider. So, in this calculation there will be a restriction that a minimum of 5000 containers is
transported each year.

Lastly an emission reduction must be present. Without an emission reduction, setting up a corridor
won’t be viable.

Note that the financial benefit is not a set restriction. If the emission reduction outweighs the
financial drawback, it will still be worth it to set up the corridor. Preferably there is a financial
benefit.

With these factors in mind, a calculation tool was set up. In this calculation tool are multiple variables
to cover all the factors previously mentioned. Every variable can be altered to calculate the total
savings for specific situations. These variables are divided in three categories: General variables, Ship
variables and Truck variables. These categories consist of:

e General variables:
o Amount of retours each week
o Cost container handling truck
o Cost container handling ship
o Percentage of TEU transported (utilization)
o CO; emission per liter diesel in kg
e Ship variables:
Required liter of fuel per 100 HP per hour
Cost per liter of fuel
Percentage of required power
Required container handlings
Cost container handling ship
Total sailing time retour in hours

O O O O O O
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Dortmunder:

Number of filled TEU transported each retour
Maximum HP

Yearly ship cost

Europa:

Number of filled TEU transported each retour
Maximum HP

Yearly ship cost

O 0O OO0 O O O O

e  Truck variables:
o Total time in hours (This is the total time the truck driver is busy transporting the
container. This includes loading time.)
Cost truck driver per hour (this includes fuel costs)
Required container handlings
Cost container handling truck
Length retours in kilometers
Amount of liters fuel required per 100 kilometers

O O O O O

e Restrictions
o Minimal of 5000 containers transported each year
o Emission reduction must be present.
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With this calculation tool the amount of potentially saved money was calculated. These values are
called the exploitation values. This was done by maximizing the number of containers transported
each year and calculating the saved amount of money, using the following values of variables in the

previously set up calculation tool.

General variabels

Amount of retours each week 3.5
Percentage of TEU transported 95.00%
CO2 emission per liter diesel in kg 2.606|
Last mile cost for same industry terrain € 30.00
Last mile cost for destination within 5 kilometers | € 50.00
Ship variabels

Liter fuel per 100 HP per hour 17
Cost per liter fuel € 0.60
Percentage of required power 70.0%
Required container handling 8
Cost container handling ship € 17.50
Total sailing time retour in hours 10
Dortmunder

Number of filled TEU transported each retour 32
Maximum HP 600
Yearly ship cost € 220,000.00
Europa

Number of TEU transported each retour 72
Maximum HP 1080
Yearly ship cost € 320,000.00
Truck Variabels

Total time driving in hours 2
Total time loading and unloading in hours 1
Cost truck driver per hour € 70.00
Required container handling 2
Cost container handling truck € 20.00
Length retour in kilometers 100
Amount of liters fuel required per 100 kilometers 35

Figure 8: Used variable values (Team NWC2, 2020)

First, the explanation of the used values. All the following values have been gathered in an interview
with Kees Modderman from the Bureau Voorlichting Binnenvaart (Modderman, 2020).

4.2.1 General variables

The amount of retours each week is set to be maximized. How the number 3.5 was established was

discussed in paragraph 3.5.
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The percentage of containers transported each year is set to 95% to get a realistic calculation of the
exploitation values.

The CO, emission per liter diesel in kg is set to 2.606 kg (anwb, 2020).

In figure 8 two variables about the last mile are also illustrated. These will not be used in the first
calculation and therefore not discussed now. The variables are used and discussed in paragraph 4.5.

4.2.2 Handling variables
The handling variables are spread across the set categories, but for explanation convenience, they
will now be discussed together.

The required amount of container handlings for a ship is set to eight. The path the container travels
is illustrated in the following figure. The arrows represent the container handlings.

\ | Harbor o Trailer | Harbor
(stack) d d (stack)
Y
Ship Ship
A
Harbor P Trailer » Harbor »
(stack) N N (stack) N

Figure 9: Handlings illustrated for ship (Team NWC2, 2020)

The harbor is the starting point for the empty container. The container first has to be set on a truck
to be transported from the transshipment terminal (harbour) to the shipper. There the container
gets loaded. This can be done without removing the container from the trailer, so this is not a
container handling. From there the container gets transported to the harbor a removed from the
trailer to the stack. When the ship is getting loaded the container is transported from the stack to the
ship. Once the ship has arrived the container is removed to the stack of the harbor. Again, the
container is put on the trailer for the last part of the trip. At the destination, the container is
unloaded. This can again be done without removing the container from the truck. The container now
returns to the harbor empty to be shipped to the starting harbor. This sums up to a total of eight
container handlings.

For a truck, this number is only two. First from the stack on to the truck. The container can now be
transported, loaded and unloaded without removing the container from the trailer. Once the
shipping has been completed the container is again returned to the stack. This is illustrated in the
following figure where the arrows again represent the container handlings.

Stack ——> Trailer ———> Stack

Figure 10: handlings illustrated for truck (Team NWC2, 2020)

The cost for a single handling on a seaport is 20.- euros. For the port in alkmaar is only 15.- euros.
Beacause the ships require the same amount of handling of both ports, the average of 17.50 euros
will be used to calculate with.
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For the truck a handling will cost 20.- euros.

4.2.3 Ship variables

This calculation calculates two
different scenarios. One is with the
Dortmunder ship and one is with the
Europa ship. the Dortmunder ship has
a length of 67 meters and the Europa
ship has a length of 85 meter. These
two ships were chosen because they
both don’t exceed the restrictions of
the route and to make a comparison
between two different sizes of ships.

It takes about five hours to sail from
Alkmaar to Amsterdam. This includes
the time spent at the lock. So, the total
time sailing a retour between Alkmaar
and Amsterdam is set on ten

hours.

Figure 11: Dortmunder ship (Modderman,
2020)

To calculation of fuel is done by looking at the horsepower of the ships. It takes 17 liters of diesel for
every 100 used horsepower.

The cost of a litre diesel is 0.60 euros.

The Dortmunder ship has a maximum of 600 horsepower, the Europa ship has a maximum of 1080
horsepower.

Of course, the ships won’t always be using their maximum power, so the percentage of required
power is set to 70%. Because the route mostly consists of still waters and the ships won't be loaded
to their maximum weight capacity (not to be confused with maximum container capacity), the
engines won't have to work on full power. 70% is a good estimation of the amount of engine power
needed.

The yearly cost to use a Dortmunder ship is 200,000. - euro. To account for the extra cost a sailor
needs to make profit, this calculation will use 220,000. - euro, this includes personnel cost.

For the Europa ship this is 300,000. - euro. To again account for profit, this calculation will use
320,000. - euro, this includes personnel cost.

The number of filled TEU transported each retour for both ships is the maximum number of
containers a ship can carry. This means that half of the containers transported in a retour will be
empty. The Dortmunder ship can transport a total of 32 containers at once. So, the variable will be
set on 32. For the Europa ship this number is 72.

4.2.4 Truck variables

The total time driving a retour between Alkmaar and Amsterdam is set to 2 hours.

The total time loading/unloading is set to 1 hour.

Because the time loading or unloading is within one hour, there won't be an extra charge for waiting
time.

The cost for a truckdriver is set to 70.- euros an hour, this includes fuel cost. This is a little bit above
the average of today. This is done to account for the kilometer charge and the rising cost of truck
drivers.

The length of a retour between Amsterdam and Alkmaar is set to 100 kilometers and the amount of
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fuel required for 100 kilometers is set to 35 liters. These last two variables are used to calculate the
emission comparison.

4.3 Exploitation values calculation: Results

With the variable values previously discussed, the yearly savings and saving per container was
calculated for each ship with the utilization (Percentage of TEU transported) set to 95%. The
summary of this calculation is listed in the chart below.

Summary |

Percentage of TEU transported 95.00%|

Truck cost per TEU _

Type Dortmunder Europa

Yearly transported containers
Cost per TEU

Saving per TEU

Total yearly saving

CO2 emission reduction
Figure 12: Summary of calculation with utilization set to 95% (Team NWC2, 2020)

As seen in the chart, the cost for transporting a container is cheaper per ship in both cases.
Transporting with the Dortmunder ship saves 54,55. - euro each container which adds up to a yearly
total of 290,230. - euro. For the Europa ship this is more than the Dortmunder ship, 71,99. - euro
each container. This adds up to a yearly total of 861,754. - euro. For both ships the yearly
transported containers is more than 5000 per year, this makes this calculation meet the set
restriction.

This calculation tool also calculates the yearly fuel usage of both ships and calculates the fuel usage
of a truck if it were to transport an equal number of containers. These calculations are listed in the
chart below, the important numbers are highlighted.

Emission calculation

Type Dortmunder Europa
Yearly fuel use in Liters 124,950.00 224,910.00
Yearly CO2 emission in kg 325,619.70 586,115.46

CO2 emission per TEU in kg

Truck fuel calculation
Yearly fuel usage if a truck were to transport an even amount of TEU 186,200.00 418,950.00
Yearly CO2 emission in kg 485,237.20 1,091,783.70

CO2 emission per TEU in kg

CO2 emission reduction in percentage
Figure 13: Emission calculation (Team NWC2, 2020)

In this chart a significant reduction can be seen for both ships. The Dortmunder ship has a CO;
reduction of 32.89% and the Europa ship of 46.32% compared to the traditional way of transport by
truck. The CO; reduction will be discussed more in depth in chapter 6.1.
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4.4 Exploitation values calculation: Results comparison

In this subchapter the same calculation as the previous subchapter will be done, except this time the
percentage of TEU transported will be altered. In the last calculation the percentage of TEU
transported was set to 90%. In the following examples all, other variables will stay the same while
the percentage of TEU transported is changed.

4.4.1 Utilization set to 100%
First the scenario with the utilization set to 100% was calculated. The summary of this calculation is

listed in the chart below.

Summary |

Percentage of TEU transported 100.00%|

Truck cost per TEU _

Type Dortmunder Europa

Yearly transported containers
Cost per TEU

Saving per TEU

Total yearly saving

CO2 emission reduction
Figure 14: Summary of calculation with utilization set to 100% (Team NWC2, 2020)

In this situation the expected happens. The savings and the emission reduction both

increases. The reason why the 90% calculation is preferred is because it is more realistic to gather
that number of containers. So, changing the percentage of TEU transported to 100% is more
beneficial, but less realistic.

4.4.2 Utilization set to 89%
Next the scenario with the utilization set on 89% was calculated. The summary of this calculation is

listed in the chart below.

Summary |
Percentage of TEU transported 89.00%|

Truck cost per TEU

Dortmunder Europa

Type

Yearly transported containers
Cost per TEU

Saving per TEU

Total yearly saving

CO2 emission reduction
Figure 15: Summary of calculation with utilization set to 89% (Team NWC2, 2020)

The reason why this scenario was chosen to be highlighted is to show the breakeven point from
when the Dortmunder doesn’t meet our restrictions. In this case the restriction of transporting at
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least 5000 containers yearly is not met, it is only 4984 containers. This means that with this scenario
the harbor won’t be cost effective. A solution for this problem could be to use a public quay with
rented cranes to load and unload the containers. For this concept a further investigation has to be
done. This concept will be further discussed in our recommendations.

4.4.3 Utilization set to 51%
Next the scenario with the utilization set on 51% was calculated. The summary of this calculation is
listed in the chart below.

Summary |

Percentage of TEU transported 51.00%|

Truck cost per TEU

Type Dortmunder Europa

Yearly transported containers
Cost per TEU
Saving per TEU

Total yearly saving

CO2 emission reduction
Figure 16: Summary of calculation with utilization set to 51% (Team NWC2, 2020)

51% is the breakeven point for the Europa. In this case the emission reduction is the restriction that
isn’t met. The emission has a reduction of 0%. This is of course something that is not wanted. The
goal of this innovation is among other things to decrease greenhouse gasses emission. So, no
decrease in CO; makes this scenario (and scenarios with lower percentages of TEU transported) not
valid. However, this does not mean that any scenario with a percentage of TEU transported above
51%, is viable. The less a ship is sailing, the more money it will costs to use a ship. This is because
with less transport for the shipper, it has to sail less often. While it is not able to sail because of the
lack of containers, it is not making any profit. Therefore, the yearly price to use a ship increases to
compensate for this.

4.5 Last mile

There is one last factor that has to be considered which makes this whole project a lot harder to
realize, this is the last mile. These costs do not apply to companies that have their own trucks and
arrange the last mile by themselves. For the traditional way of transport by truck the last mile is not a
problem, the truck can just dive directly to the destination. But for a ship this is a lot harder. Once
the container has arrived at the harbor, it has to be transported to the destination by a truck. This
costs money which can make or break the feasibility of this project. The harbor charge for these
operations. The costs for transporting a container from and to the harbor are listed in the chart
below (Sjoerdsma, 2020).

Distance Cost
Same industry terrain 30.- / 45.- euros
Until 10 kilometers 90.- euros
10 kilometers / 20 kilometers 107.- euros
20 kilometers/ 30 kilometers 125.- euros

Figure 17: Last mile costs (Team NWC2, 2020)
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As seen in the chart, these costs are high if compared to the saving per container previously
calculated. Recap: the saving for a Dortmunder ship were 54,55.- euros per container and for the
Europa ship 71,99.- euros per container with the utilization set to 95%. With this in mind the
maximum range for the last mile for both ships can be calculated.

Last mile above 10 kilometers are instantly not feasible. The last mile cost is significantly higher than
the saving per container, so therefore not feasible.

Last mile within the same industry terrain is feasible for both ships.

To calculate the maximum range for the last mile, the cost for 10 kilometers is used. The calculated
values are listed in the chart below. These costs are only possible if the containers can be detached
from the trucks.

Distance Cost
Until 10 kilometers 90.- euros
6 kilometers 54.- euros
8 kilometers 72.- euros

Figure 18: Last mile costs (Team NWC2, 2020)

The maximum range for the Dortmunder ship is 6 kilometers, this costs 54.- euros for each container.
For the Europa ship the maximum range is 8 kilometers, this costs 72 euros per container. These are
the breakeven points from when the ships won’t be losing a significant amount of money. With these
maximum last mile ranges, the savings are calculated.

Last mile calculation Dortmunder Europa
Saving per TEU with final destination being within 6 kilometers € 0.55

Yearly saving with final destination being within 6 kilometers

Saving per TEU with final destination being within 8 kilometers € -0.01
Yearly saving with final destination being within 8 kilometers

Figure 19: Last mile breakeven point savings (Team NWC2, 2020)

As seen in the chart, if the last mile ranges is maximized to 6 and 8 kilometers, the saving for drop to
minimal. The Dortmunder ship saves 55 eurocents per container. The Europa ship has a negative
saving, this means it costs extra money compared to the truck. The extra cost for a container in case
of the Europa ship is only 1 eurocent. This is an insignificant amount of money so therefore 8
kilometers was the chosen breakeven point.

To sum up this paragraph: the Dortmunder ship is only viable if the required demand is available
within 6 kilometers from the harbor. For the Europa ship situation, the required demand has to be
available within 8 kilometers from the harbor.

4.6 Exploitation values calculation: Conclusion

Because of all the previous discussed factors the scenario 95% was chosen to be the most realistic
and viable scenario. With the with the percentage of TEU transported set to 95%, the Dortmunder
ship generates a saving of 54.55 euro and a CO, emission reduction of 32.89% per transported
container and the Europa ship generates a saving of 71.99 and a CO, emission reduction of 46.32%
per transported container. With these savings the maximum last mile range for the Dortmunder ship
is 6 kilometers, for the Europa ship the maximum last mile range is 8 kilometers. Both ships meet the
restriction of transporting over 5000 containers each year. This means that theoretically this project
is feasible, but only if the required demand is available within the maximum last mile ranges.

To answer the sub question “Which challenges are involved with the feasibility of realizing an
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infrastructural logistic joint corridor in North-Holland?”. The biggest challenge to realizing an
infrastructural logistic joint corridor in North-Holland is the demand. If the demand within the limited
is available, the joint corridor is feasible.
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5. Current Hubs/routes out of Amsterdam

Amsterdam has 3 ways of transport possibilities. By truck, by train and by ship. With these modes of
transport, shipments into Amsterdam can transfer to other modes of transport for the optimal
transportation to the destination.

5.1 Train

The port of Amsterdam has the facilities for transfer from ship to train or from train to ship.
The rail network of the port of Amsterdam connects to:
e The Rhine — Alpine to destinations in central & South Germany, Austria, Switzerland and
Northern Italy
e The North Sea Baltic to destinations in Central and east Germany and Poland.
e The North Sea Mediterranean for destinations in the UK, France and Belgium.

These rail networks are big freight transport corridors all connected to the port of Amsterdam. These
Rail Transport Corridors connect to other Rail Transport Corridors throughout the whole of Europe.
(Port of Amsterdam, 2020)

r Rail Freight Corridors (RFCs) map 2020

Figure 20: Rail Freight Corridor (Rail Net Europe, 2020)

5.2 Ship

Amsterdam is a versatile port for different sizes of ships. This varies from large Ocean-going
container ships, tankers, or other bulk transport to small inland ships transporting the goods from
the large ocean-going ships through the smaller water ways through the Netherlands and the rest of

Europe.
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5.2.1 Inland Waterway Transport

The Netherlands is rich of many waterways not only connecting cities within the boarders but also
connecting to cities to the rest of Europe. The Port of Amsterdam is connected to the Rijn. This gives
the port of Amsterdam connections by IWT to many cities and countries within Europe. Specifically,
Germany, Austria, Switzerland and of course the inland of The Netherlands. The Port of Amsterdam
has also a special joint venture with the Ports of Rotterdam and Utrecht for a transport corridor.
(Port of Rotterdam, 2020) (Port Of Amsterdam, 2020)

5.2.2 Short Sea

Short Sea is a mode of shipping which the route is partially by Sea. The connections of the Port of
Amsterdam by Short Sea are to the United Kingdom, The Baltic states and Russia. (Port of
Amsterdam, 2020)

5.2.3 Deep sea

The Port of Amsterdam is not only a port for Inland Waterway Transport but also a port were large,
international Ocean-Going ships dock. This means that the Port of Amsterdam is connected to the
whole world. And transfer of goods is not limited to Inland Waterway Transport of Short Sea
transport. (Port of Amsterdam, 2020)

5.3 Road

The Port of Amsterdam has also good connections to the Motorway network of The Netherlands. The
Dutch Motorway A5 runs close to the Port and is good accessible from the Port and 