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Summary

Due to a global increase in food consumption and shipping, and regional developments like exploitation of
the Vaca Muerta oil field, the port of Bahía Blanca in Argentina sees an opportunity to increase its activities.
Therefore, a new container terminal will be constructed in the port of Bahía Blanca that can handle 500,000
TEU per year. This terminal is expected to be competitive to the container terminals in the port of Buenos
Aires, which currently are Argentina’s market leaders in container handling. In addition, a shorter entry chan-
nel and deeper draft makes the port of Bahía Blanca more attractive than the port of Buenos Aires.

Currently, it is unknown whether an increase in container throughput can be attracted from industries in the
province of Buenos Aires. This province extends from Buenos Aires to Bahía Blanca, 650 km south of Buenos
Aires. Next to that, it followed from qualitative interview sessions that all freight transport in the province is
done by truck. As a result, roads are heavily congested during harvest season and for this reason container
transport by train is preferred. Other reasons for choosing train as transport modality are the competitive
location within the rail network of the port of Bahía Blanca and sustainable character of rail transport.

Because of the uncertainties and preferences mentioned above, this report aims to determine how container
transport over rail can become economically competitive to the port of Bahía Blanca. The scope of research is
limited to the logistic corridor between the port of Bahía Blanca and the port of Buenos Aires, which includes
the container terminals, transshipment centers, railways and roads. In the system definition it became clear
that neither the quality nor the capacity of the rail network is a problem, but access to the rail network is.
Therefore, a hypothetical transshipment center with a yearly throughput of 20,000 and 100,000 containers
was considered to be constructed in the province of Buenos Aires or near the city of Buenos Aires, respec-
tively. A cost optimization model was created to determine how much demand is needed to make container
transport by train to the port of Bahía Blanca economically most favourable, in relation to the location of the
port of Buenos Aires and the transport modality of truck. Key factor of this model is the location of placing a
transshipment center that allows for handling containers between truck and train.

The results show that the optimum location to place a transshipment center is 380 km from Bahía Blanca,
with a minimum container export demand of 7200 TEU per year. This transshipment center has a yearly
throughput capacity of 20,000 TEU and can be placed as far as 430 km from Bahía Blanca. In that case 10,000
TEU are exported from the province of Buenos Aires via the port of Bahía Blanca each year. Additionally, it
is explained how this maximum distance can be extended by lowering the port costs of Bahía Blanca. This
extension allowed for analyzing the placement of a transshipment center with a throughput of 100,000 con-
tainers per year close to the city of Buenos Aires. The results show that a minimum difference of port costs of
275 USD per TEU is needed to place this bigger transshipment center at 600 km distance from Bahía Blanca
and thus close to Buenos Aires city. This will lead to an increase of containers that are imported via the port
of Bahía Blanca and then transported via rail to the city of Buenos Aires.

Based on these findings it can be concluded that a transshipment center in the province of Buenos Aires is
only feasible when there is concentrated container transport demand. Investigating the possibilities of con-
centrating industries around the transshipment center could be interesting. To balance the import/export
ratio at the port of Bahía Blanca it should be investigated if lowering costs at the port could be cost-effective
to attract container transport demand from the city of Buenos Aires.

It must be noted that this research contains several imperfections. The first is that the model does not take
the time aspect of container transport into account. Another interesting direction for further research entails
a more in-depth study into the design and operations of the transshipment center. Furthermore, it should
be noted that in the future new limiting factors like insufficient capacity or network quality might arise while
these are currently not an issue.
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1
Introduction

The port of Bahía Blanca is located in the province of Buenos Aires in Argentina (see Figure 1.1). The distance
to the biggest port of Argentina, the port of Buenos Aires, is approximately 650 km. The port of Buenos Aires
currently handles around 85% of the containers entering or leaving Argentina [9]. This is mainly because the
biggest share of the Argentine population lives in the Buenos Aires region, resulting in the largest demand of
containers. Another reason is that most of Argentina’s processing industries are located around Buenos Aires
city. Being the largest port of the country, the port of Buenos Aires has the lowest port costs and the most
frequent container vessel calls. The port of Bahía Blanca is much smaller and currently not competitive with
the port of Buenos Aires. As a result, the port of Bahía Blanca attracts little to no demand from the province
of Buenos Aires (Interview Pablo Arecco, September 2, 2019).

Figure 1.1: Location port of Bahía Blanca in Argentina and in the province of Buenos Aires

In its Port Vision for 2040 [13], the port of Bahía Blanca mentions global and regional developments that
may influence the evolution of the port of Bahía Blanca itself. An increase in global food consumption and
shipping are expected to lead to an increase in throughput at the port of Bahía Blanca. The reason for this
is that Argentina is one of the largest food exporters in the world. Regionally, developments regarding the
Vaca Muerta shale gas and oil formation are expected to affect the throughput of containers in Bahía Blanca
to transport among others pipelines and equipment needed for fracking. Additionally, it is expected that
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a worldwide growth of the food industry in combination with an increase of supply of petrochemicals will
attract companies in the plastic’s industry. This is expected to lead to an increase in container throughput in
the port of Bahía Blanca. Another development that will probably result in a growth of freight transport via
Bahía Blanca is the fact that in the area around Bahía Blanca several wind farms are being constructed. To
sum up, the port of Bahía Blanca expects that global and regional developments regarding energy and food
production and consumption will lead to an increase in container transport via the port of Bahía Blanca.

For the reasons mentioned above, a new container terminal will be constructed in the port of Bahía Blanca
that can handle 500,000 TEU per year. Due to the bigger terminal and its economies of scale, a decrease
in handling and shipping costs can be expected. This will make the port of Bahía Blanca more competitive
with the port of Buenos Aires, the biggest port in Argentina. Other factors that make the port of Bahía Blanca
more attractive than the port of Buenos Aires are the shorter entry channel and the deeper draft (Interview
Pablo Arecco, September 4, 2019). Because of the deeper draft the port of Bahía Blanca has the opportunity
to accommodate bigger ships than the port of Buenos Aires. However, it is not known whether these benefits
and the benefits that come with a larger container terminal will actually attract more containers from the
province of Buenos Aires to the port of Bahía Blanca.

Currently, all freight transport in the province of Buenos Aires is done by truck. During the harvest season,
the roads around the port of Bahía Blanca are heavily congested due to the huge amount of trucks and the
handling times at the port of Bahía Blanca (Bolsa Cereales, interview, September 20th, 2019). This is one of the
reasons why the port of Bahía Blanca has a preference for improving the accessibility by rail to attract more
container demand from the province of Buenos Aires. Another reason is that the port of Bahía Blanca has a
competitive location in Argentina’s rail network. The third reason is that if transport via rail is well organized
it is more sustainable than transport via road.

Combining the problem that it is currently unknown whether a larger container terminal in Bahía Blanca will
attract container demand from the province of Buenos Aires and the fact that containers currently arrive in
the port of Bahía Blanca by truck despite rail having several advantages, results in the following aim of the
report. The aim of this report is to investigate how the accessibility of the port of Bahía Blanca by rail should
be improved to attract more container transport demand from the province of Buenos Aires. Since transport
by rail to the port of Bahía Blanca should be economically competitive with the other transport options to
ship a container, the research question is formulated as follows:

"How can improving the accessibility of the port of Bahía Blanca by rail make container transport between the
port of Bahía Blanca and the Buenos Aires province economically competitive with other transport options?"

This main research question will be answered through the following sub-research questions:

• "Why is container transport by rail to the port of Bahía Blanca currently not competitive?"

• "How can rail infrastructure be improved to enhance the accessibility of the port of Bahía Blanca by rail?"

Scope
The geographical scope defines the boundaries of this research. One of the boundaries is formed by the coast
line of the Buenos Aires province. The western boundary is formed by the border of the province of Buenos
Aires. Within the province, this research focuses on the connection between Buenos Aires and Bahía Blanca
and thus the area of the province of Buenos Aires south of Bahía Blanca is out of scope. Although the city of
Buenos Aires is not part of the province of Buenos Aires, it is part of the geographical scope of this research.

The infrastructural scope consists of the container terminals, transshipment centers, railways and roads in
the province of Buenos Aires. The only ports that will be considered are the ports of Buenos Aires and Bahía
Blanca, since the other ports are not focused on container transport and are substantially smaller. Regarding
rail, the infrastructure in scope for this project are the tracks which connect Bahía Blanca and Buenos Aires.
Regarding road, the national and provincial roads that lie in between the geographical boundaries defined
above are also part of the infrastructural scope. As can be seen, short-sea shipping routes are not in the scope
of this project. The reason for this is that short-sea shipping is not a competitive transport option to attract
more container demand from the province of Buenos Aires to the port of Bahía Blanca. Additionally, the
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presence of strict cabotage laws restrict non-Argentine shipping companies in starting short-sea shipping
routes while there currently are no Argentine shipping companies operating short-sea routes. (Interview
Pablo Arecco, September 4, 2019)

Another important scoping criteria for this research is that only container transport is considered. The start-
ing point is when a vessel calls at one of the ports in scope. The end is when it reaches its final destination
in the province of Buenos Aires. Of course looking at export of containers the starting and ending point will
turn around.

Lastly, in this project transport time is not considered to be of importance in the choice for a certain transport
option. This choice has been made for simplicity reasons and as a result this report only focuses on transport
costs.

Methodology and outline of the report
The methodology used for conducting the research will be a mathematical optimization model to estimate
the economical competitiveness of rail transport compared to other modalities. Before the mathematical
optimization model is explained and verified in chapter 3, the system is defined in chapter 2 by help of qual-
itative interview sessions and literature reviews. Chapter 4 states and evaluates the results which consists of
a sensitivity analysis too. Finally, chapter 5 discusses and concludes on the research conducted. Included in
this chapter is the final advice for the the Port authorities of Bahía Blanca and recommendations for further
research. Figure 1.2 visualizes the outline of this report.

Figure 1.2: Outline of the report
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System Definition

In this chapter the system within the research area will be defined. Firstly, the port of Bahía Blanca and the
port of Buenos Aires will be presented in section 2.1. Thereafter, a closer look is taken at the state of road
and train transport in section 2.3 and the developments of future container transport demand in the region
(section 2.2). From analyzing these subjects, it is noticed that in order to make rail a more attractive modality,
the addition of a transshipment center is needed. In section 2.4 considerations regarding the implementation
of this transshipment center are discussed and the need for a model is introduced.

2.1. The port of Bahía Blanca compared to the port of Buenos Aires
The port of Buenos Aires is the biggest port of Argentina and handles about 1.4 million TEU’s per year. Due to
the port’s location in the Rio de la Plata estuary, vessels have to navigate a 237 kilometer long access channel.
The dredging of this channel is one of the biggest expenses of the port of Buenos Aires and brings a problem as
well. The biggest ships cannot enter the port because of the limited draft of the access channel. To overcome
this problem ships ’double-dip’ at another port to unload cargo and pick it up later because this reduces
weight and thus draft, but costs additional time and money. [9]

Besides that, the port does not have the possibility for expansion because of limited space in the busy city of
Buenos Aires. Resulting from the location in this dense city, hinterland transport has a lot of problems with
congestion. The port of Buenos Aires has two advantages: its location, which is really close to the container
transport demand, and the possibilities to increase operations since the container terminals are not operating
at full capacity. [9]

The port of Bahía Blanca is not located as close to the demand as the port of Buenos Aires. On the other
hand it does not have to deal with limitations in draft and the access channel is significantly shorter with a
total length of 100 kilometers (Interview Pablo Arecco, September 2, 2019). In Appendix A the advantages of
Bahía Blanca regarding draft can be seen with the possibility of facilitating bigger vessels. The port of Bahía
Blanca is planning to build a container terminal with a throughput capacity of 500,000 TEU per year in the
near future because of high expected growth in different industries. This can be done because there is a lot
of room for expansion in the port area in contrast to the port of Buenos Aires. All this together might make
shipping via the port of Bahia Blanca very competitive compared to the port of Buenos Aires. (Appendix B
and Appendix C)

In this research the large and efficient container terminal at the port of Bahía Blanca which is a result from
the expected high growth as mentioned earlier will be used. With sufficient throughput for this terminal,
handling costs can decrease due to economies of scale. Modern equipment means faster operations and
the possibility to accommodate bigger vessels which both negatively affect the costs per TEU which will be
positive for the port of Bahía Blanca (Appendix C).

It can be concluded that the port of Bahía Blanca could have a lot of advantages with the new container
terminal in place. However, a drawback for the port of Bahía Blanca is that most of the demand is located
near the port of Buenos Aires.
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2.2. Developments in future container transport demand 5

2.2. Developments in future container transport demand
Key information of this research is the amount of container transport demand and where it is located in the
area of scope. This is needed to for research into changing the corridor to generate more container demand
in Bahía Blanca. In the research area the most transported commodity is agri-bulk which is not transported
in containers. However, after being processed in a factory, the final product can be transported in containers.
These kind of factories can concentrate around strategic logistic hubs and thus generate demand. Thorough
research and multiple interviews were carried out (see Appendix F) but it has not become clear how and
where this container demand in the province of Buenos Aires would change in the future.

2.3. A closer look at the state of rail and road transport
Currently, rail-transshipment can only take place in the port of Buenos Aires and the port of Bahía Blanca.
This also means that both ports are accessible for rail transport. Besides, the capacity on the railway is suf-
ficient to accommodate more trains and the rail network is in sufficient state to handle container transport
on rail (see Appendix E). However, due to the the lack of transshipment options alongside the railway, com-
panies in the Buenos Aires province are not able to use rail as a possible transport option to either one of the
ports. The container transport via rail can be cheaper over longer distances than transport by truck, but costs
associated with transshipment from road to rail and pre-carriage by truck can also diminish cost benefits by
rail.

When taking a look at the road network, it is not in perfect state and can be congested. Nevertheless, the road
network is sufficient for container transport to both the port of Bahía Blanca and the port of Buenos Aires.
Road transport is flexible, reliable and often the onlu transport option. Besides that, when using truck, there
is only one company handling cargo of a client, which appears to be of value to customers in Argentina and
makes it a popular transport mode in the country (Appendix D).

The discussed characteristics of the rail and road network result in different options of container transport
in the region. These are are displayed in figure 2.1. In this figure, the road network covers the entire region
and cargo can be transported from every company in the hinterland to either one of the ports and the other
way around. Meanwhile, when a company wants to make use of the rail network, it is only possible to enter
the network by transporting containers to and from one of the ports first. This would only be logical when
importing or exporting costs of one of these ports is financially very advantageous in comparison with the
other.

Figure 2.1: Current transport option choices
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Since road-rail transshipment possibilities can only be found at the port of Buenos Aires and the port of Bahía
Blanca, container transport by rail is currently not advantageous compared to container trucks. Therefore,
it is researched whether improving the accessibility of the rail network makes container transport by rail a
more economically competitive modality. Next to that, it will be researched in what situation this improve-
ment would also make container transport via the port of Bahía Blanca more attractive than via the port of
Buenos Aires. This research is not possible without the implementation of an extra transshipment center
alongside the rail network in the province of Buenos Aires. In subsection 2.4 considerations regarding the
implementation of a transshipment center are discussed in further detail.

2.4. Implementation of a transshipment center

The implementation of a transshipment center within the rail network, would account for creating four trans-
port options for container flows in the region. The four schematic images in figure 2.2 are considered as an
overview of the choice possibilities. These possibilities consist of choosing a modality and a port via which
the container is shipped. A choice has to be made between shipping either via the port of Buenos Aires or the
port of Bahía Blanca. At the same time it has to be chosen to either transport a container by truck to the cor-
responding port or by using truck for short distance, a transshipment center and a container train to move
a container to and from the port. In this research it is investigated under which circumstances the desired
transport option 3 in figure 2.2, which uses rail to get to Bahía Blanca, is the most attractive transport option.

Figure 2.2: Transport option choices

As mentioned in section 2.2, little to nothing is known about future developments of container transport
demand in the province. Therefore, the well educated assumption is made that a terminal of 20,000 TEU per
year suffices in the province of Buenos Aires. In appendix G a possible layout of a transshipment center of
this size and corresponding specifications and costs are discussed in more detail.

In and around the city of Buenos Aires the container transport demand is substantially larger than in the
province caused by the higher population density. For that reason it would also be interesting to locate a
transshipment center closer to the city of Buenos Aires. Therefore, it is chosen to make calculations for an
enlarged transshipment center of 100,000 TEU per year into account that can be used in this research. The
specifications and costs for a transshipment center of this size are explained in more detail in Appendix G.
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It is not yet clear at what exact location a transshipment center must be placed in order to make the port
of Bahía Blanca more attractive via rail. This decision is dependent on multiple factors like for example the
distance to the port of Bahía Blanca, transport costs of both modalities, port costs, but also the container
transport demand from different zones in the scope region. These zones can either be located near the city
of Buenos Aires, resulting in very high demand, or in the province of Buenos Aires, where no demand can
be pinpointed. These uncertain figures of demand make it more difficult to create a reliable estimation of
the optimum location of the designed transshipment center. The main goal of this research is to find the
circumstances under which transport option 3 is the most cost effective. Therefore, a model needs to be
created that both seeks for the optimum location of the transshipment center and gives a corresponding
necessary container transport demand of the surrounding area. In section 3 a further elaboration on the
formalization of this model can be found.



3
Optimization Model

Based on the cost referred to in chapter 2 and explained in Appendix G, an optimization model is designed
in this chapter to find out at what location and for which demand a transshipment center is feasible. This
optimization model determines the minimum container transport demand needed to make the use of train,
truck and transshipment center financially the most attractive option, at a certain location. To determine
this demand, the methodology of designing a cost and demand optimization model for the logistic corridor
between Bahía Blanca and the province of Buenos Aires is elaborated. The model is regarded to as an opti-
mization since it results in the minimum or maximum costs and/or a minimum demand. The approach of
the model is discussed in section 3.1. Second, an explanation and overview of all the model parameters is
given in section 3.2. Section 3.3 provides the optimization of the model and the implementation of the pa-
rameters into the model. Lastly, in section 3.4 the model will be verified by testing the influence of changing
the parameters.

3.1. Modelling Approach
Many different parameters have influence on the costs of container transport from and to the province of
Buenos Aires. In order to map the different costs and the relationships between the different parameters,
a model is made using Microsoft Excel. This model takes into account the transport of loaded containers
from local producers to or from the container ship at Buenos Aires or Bahía Blanca, named container import-
and export demand. The taken point of view is from the customer, which is an arbitrary number of local
producers that produces container transport demand. These local producers can choose between different
combinations of modalities for import or export via one of the ports. For instance, the container could be
transported from local producer over a short distance to a transshipment center by truck, transshipped to
train and transported over rail for a longer distance. An overview of the possible (multi)modalities is given by
table 3.1. Those options have different costs depending on parameters such as distance and container load.

Table 3.1: Overview of different transport modalities

Destination/Origin Modality Transshipment

Bahía Blanca Truck, train Yes
Buenos Aires Truck, train Yes
Bahía Blanca Truck No
Buenos Aires Truck No

The outcome of the model is the container transport demand that is needed per year to make transport
through truck, transshipment center and train to or from the port of Bahía Blanca financially the most attrac-
tive transport modality. In other words, it finds the minimum container transport demand needed for which
the other transport modalities are more expensive (in USD/TEU) than the preferred modality. A parameter
with large influence on the transport price is the transshipment cost. When container demand grows, trans-
shipment cost goes down. Therefore, a higher container demand will result in a lower total cost for modality

8
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with transshipment included. Furthermore, the model can be used to check whether specific parameters (e.g.
location of the transshipment center) should be changed to create an even better cost-based solution.

3.2. Explanation and overview of model parameters
The optimization model depends on various parameters, all having some influence on the required container
transport demand to make transport through truck, transshipment center and train to or from the port of
Bahía Blanca the financially most attractive modality. The data for the parameters are retrieved from literature
and personal interviews with experts. The first part of this section explains the parameters in detail and shows
how they were retrieved. The second part of this section will give an overview of all the parameters.

Distance transshipment center to Bahía Blanca or Buenos Aires
The total distance between Bahía Blanca (BB) and Buenos Aires (BA) is roughly 650 km for both rail and road
transport (H. Torresi, interview, September 20, 2019). Due to the fact that small changes in distance will have
no significant influence on the results, this distance is used in the model. The distance to Bahía Blanca is
defined as the distance from the transshipment center to the port of Bahía Blanca. The distance to Buenos
Aires is defined as the distance from the transshipment center to the port of Buenos Aires. The model will test
different locations for the transshipment center, which means the distance to the ports will vary.

Radius industry area and distance to transshipment center
During an interview with the railway company Ferrosur Roca, it was mentioned that containers transshipped
in a transshipment center operated by Ferrosur Roca were mostly coming from or distributed to locations
within 50 km of the transshipment center. Therefore, this distance will be assumed as the demand radius
of the industry area (R. Ceballos and O. Gauna, interview, September 19, 2019). The mean distance from
anywhere in the area to the transshipment center is halfway the area of a circle with a radius of 50 km, thus
calculated by 50∗p

0.5 = 35 km. This mean distance is used to calculate the transportation cost to the trans-
shipment center.

Container load
TEU’s that are transported on the corridor are assumed to carry cargo with a weight of 13 tons. This is the
number as used by the Port Vision for the port of Bahía Blanca [13].

Import/export ratio
Possible locations for the construction of a transshipment center are assumed to be regions with a high ex-
port and low import. This assumption is made due to the relatively low population density in the province
outside of the city of Buenos Aires, compared to the high production of agricultural goods. The ratio between
the amount of imported containers and exported containers is assumed to be 0.4, meaning that for every 10
containers exported, 4 are imported full and 6 are imported empty. However, if a transshipment center is built
close to the city of Buenos Aires, the amount of imported containers is expected to exceed the amount of ex-
ported containers because of the high population density. In that case, the ratio in the model should be used
as an export over import ratio. In addition, the outcome of the model will then be the amount of imported
containers needed to make a transshipment center feasible instead of the amount of exported containers.

Transport cost rail
Rail transport companies often work with spot contracts for container transport, which means prices can
differ. On average the costs for container transport by train costs 0.038 USD per tonkm, as was told in an
interview with Ferrosur Roca (R. Ceballos and O. Gauna, interview, September 19, 2019). Currently, an empty
container is also delivered back to the customer, which means that the train takes empty containers on the
return and that the customer pays for a round-trip of the container. Every full container that is imported (due
to import demand) influences the cost of transport for the exporter in a positive way. If import and export
would be in perfect balance, trains would never have to return empty containers and the exporters would not
have to pay for any empty container to be imported. The cost of transport including the initial import/export
ratio becomes: TCr ai l−i nc = TCr ai l−exc · (1− Rati o

2 ) = 0.304 USD/tonkm

Transport cost road
To obtain a price for container transport by truck, data from CATAC (Appendix D) is inserted in Microsoft
Excel and a trend line is fitted. This trend line composes a formula for the transport costs in USD per tonkm,
where Di st is the distance in kilometers to any place: −0.000017 ·Di st 2 +0.061 ·Di st +4.17.



3.2. Explanation and overview of model parameters 10

Port and handling cost Bahía Blanca and Buenos Aires
In an interview with Agro Primus, a popcorn producer, it was told that the port cost and container han-
dling cost together in the port of Bahía Blanca is approximately 470 USD per TEU. In the same interview,
information was obtained for the port cost and handling cost of one TEU in the port of Buenos Aires, being
approximately 550 USD per TEU (G. Braseras and M. Amonte, interview, September 18, 2019).

Shipping cost Bahía Blanca and Buenos Aires
It is uncertain what the shipping costs will be with the new container terminal being in place. According to
Agro Primus, it costs 1800 USD to ship a container from the port of Bahía Blanca to Turkey. Shipping from
Buenos Aires to Turkey however, costs 900 USD per TEU. For the model, it is assumed the shipping cost for the
port of Bahía Blanca is comparable to the cost for the port of Buenos Aires, given the new container terminal.
Thus, the shipping cost is assumed to be 900 USD for both Bahía Blanca and Buenos Aires. This assumption
is based on the larger future container terminal in Bahía Blanca, operating more efficient and attracting more
shipping calls. (G. Braseras and M. Amonte, interview, September 18, 2019)

Transshipment costs per TEU
As referred to in chapter 2, the costs for transshipment centers with a 20,000 or 100,000 TEU/year throughput,
to be built in the province or the city of Buenos Aires, were determined. The costs in USD/TEU are mentioned
in Table G.1 and Table G.2 and will be used in the optimization model.

Overview of model parameters

Table 3.2: Model parameters (H. Torresi, interview, September 20, 2019), (R. Ceballos and O. Gauna,
interview, September 19, 2019), (G. Braseras and M. Amonte, interview, September 18, 2019), [1] [15]

Input parameters Abbreviation Formula (Initial) value Unit

Distance BB-BA Di sttot al - 650 km
Distance transship to BB Di stBB - - km
Distance transship to BA Di stB A - - km

Radius industry area Radi us - 50 km
Distance from area to transship Di stAr ea Radi us ·p0.5 35 km

Container load (net) Loadnet - 13 ton
Import/Export ratio Rati o - 0.4 -

Transport cost rail T Cr ai l - 0.038 USD/tonkm
Transport cost rail incl ratio TCr ai l−i ncl T Cr ai l · (1− Rati o

2 ) 0.0304 USD/tonkm
Transport cost road T Cr oad −0.000017 ·Di st 2 +0.061 ·Di st +4.17 - USD/ton

Port and handling costs BB HCBB - 470 USD/TEU
Port and handling costs BA HCB A - 550 USD/TEU

Shipping cost BB SCBB - 900 USD/TEU
Shipping cost BA SCB A - 900 USD/TEU

Transshipment costs per TEU Tr ansshi pT EU - - USD/TEU
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3.3. Implementation of parameters and optimization of model
All input parameters are provided in the previous section. The output parameters, costs and demand, can
now be determined. This section explains the optimization modelling steps in detail which are necessary to
come to these values. A visualization of these steps can be seen in figure 3.1.

An important characteristic of this model is that it provides an output of container demand X . For an export
model, this X is the amount of exported containers needed to make the transshipment center feasible. In that
case, an import/export ratio should be used to determine the amount of imported full and empty containers.
If the model is used to determine the amount of imported containers, an export/import ratio should be used.
This means that X is the amount of imported containers needed to make a transshipment center feasible.

The unknown demand X of containers from or to the chosen area of industry can be transported via the port
of Buenos Aires or Bahía Blanca. Besides, the choice is made between the modalities of only truck or train
(including transshipment and a short distance by truck). An important factor to the outcome of this decision
will be the costs of transshipment from truck to train. This operational transshipment cost is dependent on
the value of X , as the transshipment cost per container is calculated by dividing the total yearly transshipment
cost including the ratio by X . Therefore, optimization modelling is needed to achieve a minimum value of X
based on the parameters that are elaborated on in the previous section.

Figure 3.1: Optimization modeling steps

To find the minimum value of X , the total cost of transport using the modality of interest is calculated. Trans-
port using a truck to the transshipment center and then using a train to ship from the port of Bahía Blanca is
preferred. The formula for the cost of this transport choice is provided by the following formula:

Load · (Di st anceToTr ansshi p ·T Cr oad +TCr ai l (Di st anceBB ))+Tr ansshi pT EU +HCBB +SCBB (3.1)

Furthermore, the total cost of transport for the other modality choices should be found, for which the formu-
las are provided below. Starting with the choice of transport using a truck to the transshipment center and a
train to ship from the port of Buenos Aires, the cost formula gives:

Load · (Di st anceToTr ansshi p ·TCr oad +TCr ai l (Di st anceB A))+Tr ansshi pT EU +HCB A +SCB A (3.2)

Besides choosing between Bahía Blanca and Buenos Aires, using only truck as transport modality is consid-
ered too. The formula for the cost of transportation by truck directly to ship from the port of Bahía Blanca
(equation 3.3) and Buenos Aires (equation 3.4) are provided below:

Load ·Di st anceBB ·T Cr oad +HCBB +SCBB (3.3)

Load ·Di st anceB A ·TCr oad +HCB A +SCB A (3.4)

Now all cost functions have been created, the objective function can be formulated that subtracts the mini-
mum cost of alternative modality options from the cost of the preferred modality. The objective function is
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set equal to zero, such that the cost of using the preferred modality will never be higher than the cheapest
option of the alternatives costs. This formula is provided below:

Load · (Di st anceToTr ansshi p ·TCr oad +T Cr ai l (Di st anceBB ))+Tr ansshi pT EU +HCBB +SCBB

−mi n(Load · (Di st anceToTr ansshi p ·TCr oad +TCr ai l (Di st anceB A))+Tr ansshi pT EU +HCB A +SCB A ;

Load ·Di st anceBB ·TCr oad +HCBB +SCBB ;Load ·Di st anceB A ·TCr oad +HCB A +SCB A) = 0 (3.5)

By using the Solver GRG Nonlinear option in Excel, the minimum value of X needed demand will be de-
termined to reach the turning point of equal costs (see Appendix H. The objective function 3.5 shows that
the objective cost function does not directly solve for X , in fact it provides the values of the variables that
are based on X . The value X itself is constrained by the maximum throughput of the transshipment center,
considering the throughput to be two times X . Furthermore, several variables are added to the solver model
(see section 3.2) with constraints that can be altered for the sensitivity analysis. Based on these variables and
corresponding constraints, the solver changes the variables to achieve the desired cost value. If no feasible
solution can be found, the solver model shows what the cost gap is that needs to be closed.

3.4. Verification
In this final section of chapter 3, a check is performed to see if the optimization model is implemented cor-
rectly. Special tests are performed to check the model’s outcomes with expectations. For the verification, 5%
changes will be the standard to determine the result. The model is tested using the change in export demand
needed to make the development of a transshipment center feasible. The parameters which influence the
feasibility are the transshipment costs, the import/export ratio, the transport costs of rail and road, the cargo
per container and the radius. The impact on the demand is measured in TEU, and the results are visible below
in table Table 3.3.

Table 3.3: Model verification

Method Expectation Result Verified

Increase transshipment costs Higher export demand needed +359 TRUE
Increase import/export ratio Lower export demand needed -235 TRUE
Increase transport cost rail Higher export demand needed +659 TRUE
Increase transport cost road Lower export demand needed -849 TRUE
Increase cargo per container Lower export demand needed -342 TRUE
Increase radius Higher export demand needed +142 TRUE
Decrease transshipment costs Lower export demand needed -359 TRUE
Decrease import/export ratio Higher export demand needed +246 TRUE
Decrease transport cost rail Lower export demand needed -557 TRUE
Decrease transport cost road Higher export demand needed +1112 TRUE
Decrease cargo per container Higher export demand needed +378 TRUE
Decrease radius Lower export demand needed -136 TRUE

The results show that the model works as it is expected to work with all tests being positive. Therefore, the
model can be positively verified.



4
Results

In this chapter, the model outcomes are discussed. First in section 4.1 the feasible range of placing a trans-
shipment center is discussed. This is followed by showing how the feasible range can be expanded in section
4.2. Section 4.3 and section 4.4 provide results on the placement of a transshipment center in the province of
Buenos Aries and close to the city of Buenos Aires, respectively. Finally, the results of the sensitivity analysis
are provided.

4.1. Feasibility range for a transshipment center on the logistic corridor
Figure 4.1 shows that the location of the transshipment center influences the needed export demand to
make the transshipment center feasible. The graph gives the minimum export (or import) demand that is
needed for placing the transshipment center at a certain distance from Bahía Blanca, on the corridor between
Bahía Blanca and Buenos Aires. Placing the transshipment center at a distance less than 230 kilometers from
Bahía Blanca or further than 430 kilometers will lead to infeasible solutions, which can be contributed to the
fact that a transshipment point would need too much export demand to make the transshipment costs low
enough to compete. Since the export (or import) capacity is capped at 10,000 TEU, this results in infeasible
solutions. An additional explanation would be that transshipment at a distance which is close to large ports
such as the port of Bahía Blanca or Buenos Aires would not be financially attractive. The reason for this is that
the costs of pre-carriage by truck, transshipment and transport by rail exceeds the costs of direct transport by
truck.

Figure 4.1: Demand versus distance from Bahía Blanca

The graph also shows that a distance further from Bahía Blanca leads to less export (or import) demand

13
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needed, until a point 380 kilometers from Bahía Blanca. This location is closer to the port of Buenos Aires than
to the port of Bahía Blanca due to the lower port and handling costs in Bahía Blanca. Taking in consideration
that the least demand needed is desirable, the best location to place a transshipment center would be at 380
km from Bahía Blanca. In reality, the presence of a suitable city with sufficient industry in that region also
determines the best location. The range in which a transshipment center with a maximum yearly throughput
of 20,000 TEU could be located is shown by figure 4.2.

Figure 4.2: Distance range for transshipment center

4.2. Expansion of the feasibility range for a transshipment center
As mentioned in chapter 3, the shipping and port costs do not influence the demand needed to make a trans-
shipment center feasible. However, they do have an effect on the transshipment location and to which port
the containers are transported. Therefore, the effect of difference in these costs on the location of the trans-
shipment center has been investigated. The difference in shipping and port costs is calculated by subtracting
those costs in Buenos Aires from those in Bahía Blanca. It is important to mention that the port authorities of
Bahía Blanca and Buenos Aires have a bigger influence on the port costs than on the shipping costs.

Figure 4.3: Difference in port costs versus distance transshipment center for a given demand

Figure 4.3 shows that the location at which the transshipment center can be located depends on difference
in costs at the port and for the vessel. Besides, it depends on the demand that is taken as a constant. For this
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result, derived from the initial model with 20,000 throughput, three different values for export demand were
selected: 5,000, 7,500 and 10,000 TEU/year. Furthermore, a maximum difference of shipping and port costs is
chosen to be 400 USD/TEU and it is assumed that the port and shipping costs in the port of Bahía Blanca will
not be lower than the costs in the port of Buenos Aires. The outcome of these results is a maximum distance
from Bahía Blanca at which the transshipment center can be placed, for a given demand and difference in
shipping and port costs.

In addition, the results show that the higher the demand, the bigger the range in which the terminal can be
located. The reason for this is that transshipment is less expensive if more containers are exported. Another
result provided by the figure is that too little export demand creates an infeasible solution if the difference of
shipping, port and handling cost is small (e.g. lower than 150 USD/TEU for 5,000 TEU/year).

Finally, it can be seen that if the costs in the port of Bahía Blanca are much lower than in the port of Buenos
Aires, the transshipment center could be located near Buenos Aires. In that case the lower costs in Bahía
Blanca weigh up to the extra costs of transshipment and transport to the port of Bahía Blanca. This situation
is looked further into in section 4.4.

4.3. Results of a transshipment center in the province of Buenos Aires
Using input parameters mentioned in section 3.2, and the results of section 4.1, the optimization model for a
transshipment center in the province of Buenos Aires is run. Due to the fact that export is expected to exceed
import, the model is considered to be an export model with an import/export ratio of 0.4. The outcome of
the model is an export demand of at least 7200 TEU/year that is needed to make a new transshipment center
feasible. This result is for the situation of a transshipment center with a throughput of 20,000 TEU/year and
located in Olavarría at a distance of 300 kilometers from Bahía Blanca. The transshipment center should cap-
ture at least 7200 TEU yearly from an area with a radius of 50 kilometers from the transshipment center. The
different costs of modality options (each line represents a modality option) to Buenos Aires or Bahía Blanca
for a given demand are shown by figure 4.4 with the arrow pointing at the turning point of 7200 TEU/year.
It should be mentioned that the shipping costs are not included in this figure, since these are equal for both
Buenos Aires and Bahía Blanca in the considered situation. Additionally, on average two extra trains per week
will have to make use of the corridor, which will cause no problems. Figure 4.5 shows the turning point in
detail with the same arrow as in figure 4.4.

Figure 4.4: Results initial model
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Figure 4.5: Results initial model zoomed in

4.4. Results of a transshipment center close to the city of Buenos Aires
For the following results the bigger transshipment center is used, as explained in chapter 2. Due to the in-
crease in size and possible throughput of 100,000 TEU/year, the total transshipment center cost per year that
are used as input parameter increase compared to the smaller terminal. However per TEU the transshipment
cost decrease because the total yearly transshipment cost is divided by a larger number. The transshipment
center is placed 600 km from Bahía Blanca, thus 50 km from Buenos Aires. Due to the big industries located
and many people living around the city of Buenos Aires, the import demand is assumed to be higher than the
export demand. Therefore, the optimization model used for this results is considered to be an import model.

Considering all other parameters the same as in the previous section, this transshipment center provides no
economically feasible solution: for any import demand, there will be another modality option that is cheaper.
Tot total gap that needs to be filled before containers are imported by train from or to Bahía Blanca is 179
USD/TEU.

However, when the port and shipping costs of Bahía Blanca decrease compared to Buenos Aires, a feasible
solution can be derived. For example, if the total difference between costs in Bahía Blanca and Buenos Aires is
300 USD (a decrease of 220 USD compared to initial model), the minimum import demand should be 14,200
TEU/year. Table 4.1 shows how far away the transshipment center can be placed from Bahía Blanca for a
specific demand and difference in shipping and port costs.

It can be seen that at least a difference in shipping and port costs of 275 USD/TEU is needed to place an
economically feasible transshipment center near Buenos Aires. In that case the distance to Bahía Blanca is
more than 600 km. However, when import demand is only around 30,000 TEU/year, the difference should be
at least USD 300/TEU.

Table 4.1: Maximum distance from Bahía Blanca for an economically feasible transshipment center

Difference shipping
and port cost (USD/TEU)

Import:
30000 TEU/year

Import:
40000 TEU/year

Import:
50000 TEU/year

200 530 542 549
225 552 564 571
250 574 586 593
275 595 607 614
300 617 629 635
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4.5. Results sensitivity analysis
In order to determine the sensitivity of the outcome of the model, two sensitivity analyses have been per-
formed. One using lower and upper case values for the parameters and one using a 5% decrease and increase
for the parameters. Using the latter, the influence of each separate parameter can be compared. The param-
eters that have been changed are:

• Import/export ratio (-)
• Transport cost rail (USD/ton/km)
• Transport cost road (USD/ton/km)
• Transshipment cost(USD/year)
• Cargo per container (ton)
• Radius (km)

The numbers used in the sensitivity analysis are listed in table 4.2. This table is a summary of the sensitivity
analysis in Appendix I. The table shows the lower and upper case values. The results of this analysis are
discussed first.

Table 4.2: Lower and upper cases sensitivity analysis

Import/export
ratio

Transport cost
rail (USD
/ton/km)

Transport cost
road (USD
/ton/km)

Transshipment
cost

(USD/year)

Cargo per
container

(ton)

Radius
(km)

Lower 0.25 0.01 0.8*T Cr oad 585,000 10 30
Base case 0.40 0.038 T Cr oad 632,500 13 50

Upper 0.55 0.057 1.2*T Cr oad 680,000 16 70

Table 4.3 shows the numbers used for the 5% increase and decrease of the base case. The results of this
analysis are discussed after the lower and upper cases.

Table 4.3: Parameter range of 5% sensitivity analysis

Import/export
ratio

Transport
cost rail

(USD/ton/km)

Transport
cost road

(USD/ton/km)

Transshipment
cost

(USD/year)

Container
load
(ton)

Radius
(km)

Lower 0.38 0.0361 0.95*TCr oad 600,875 12,35 47,5
Base case 0.40 0.0380 TCr oad 632,500 13 50

Upper 0.42 0.0399 1.05*TCr oad 664,125 13,65 52,5

Sensitivity analysis - Lower and upper case
The sensitivity of the demand needed in a transshipment center is determined by changing the value of pa-
rameters. Each parameter is changed individually, using the lower and upper values, explained above. The
results of the relative changes to the demand needed, are shown in figure 4.6. The changes to the demand are
individual, which means the strength of parameter influences cannot be compared.
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Figure 4.6: Sensitivity analysis lower and upper bound

The results of the lower and upper bound changes show that the lower bound case of road transport cost
and upper bound case of rail transport cost lead to a non-feasible solution. This means the demand needed
in the transshipment center is more than the capacity it was designed for. When looking at large possible
changes, lower rail costs have the most impact when the absolute lower bound situation is met. The demand
needed would decrease with more than 45%. A large increase in road transport costs would also significantly
change the demand needed, with 35%. The transshipment cost and cargo weight per container can change
the situation also, but less significantly, cause a maximum increase or decrease of 8%. The import/export
ratio also influences the demand needed. With a lower ratio, the demand needed increases almost with 30%,
while a higher ratio would decrease the demand need with 20%. The results also show that a larger radius
leads to more demand needed, while a lower ratio leads to less demand needed. When only looking at results
being positive or negative, the results are in line with expectation.

Sensitivity analysis - Increase and decrease of 5%
The sensitivity analysis using a 5% increase and decrease determines the relative influence each parameter
has on the outcome of the model. The results of this analysis are shown in figure 4.7.

It can be seen that an increase in import/export ratio, road transport costs or the amount of tonnes in a
container lead to a lower amount of container demand needed to realize a transshipment center. Regarding
the import/export ratio this is logical because if the import/export ratio gets closer to one the transshipment
center can be earned back by a higher amount of full containers. An increase in the transport cost via road
leads to a decrease in demand needed because in that case the transshipment costs and transport costs via
rail can be higher. Therefore, the costs of transshipping can increase. If the container load increases, less
containers are needed to transport the same amount of goods. Since the load per container does affect the
transport costs, but doesn’t affect the transshipment costs an increase in load per container results in a lower
amount of containers needed to make the transshipment center feasible.
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Figure 4.7: Sensitivity analysis percentage changes

As expected, a decrease in the transport costs via rail and in the transshipment costs leads to a lower amount
of containers needed to make a new transshipment center feasible as these both positively affect the costs of
the combination of transshipment and rail transport compared to the costs of transport via road. A decrease
in radius has a positive influence because then the extra costs of transporting the container via road between
the origin or destination and the transshipment center decrease.

Regarding the ratios of the effect of changing parameters, figure 4.7 shows that changes in costs have the
biggest effect on the outcome of the model. Of these cost, the road transport costs have most influence,
followed by rail transport costs and the transshipment costs have the least effect of the cost parameters. After
the cost parameters, the cargo per container, the import/export ratio and the radius have a smaller, but not
negligible effect on the outcome of the model.

Sensitivity analysis - Best and worst case scenario
For this analysis all the parameters from table Table 4.2 that have a positive influence will be put in the model
simultaneously. This means the lower bound for rail transport costs, transshipment costs and the radius and
the upper bound for import/export ratio, road transport costs and cargo per container. This gives as a result
for the model that only 1850 TEU per year have to be exported via the transshipment center. In that case, the
costs of transporting a container from the province to the port of Bahía Blanca are 870 USD/TEU. This value
is without shipping costs.

The same analysis was done using the parameters from table Table 4.2 that have a negative effect on the out-
come of the model. This means the upper bound for rail transport costs, transshipment costs and the radius
and the lower bound for import/export ratio, road transport costs and cargo per container. As expected, this
leads to a non-feasible outcome because the export demand exceeds 10,000 TEU/year. In this case, the costs
of exporting from the province via the port of Bahía Blanca are 736 USD/TEU excluding shipping. This is
almost 100 USD more expensive than the cheapest option which is transporting to Bahía Blanca by truck.



5
Conclusion

This closing chapter will conclude the findings of the research by answering the research question. Next to
that, an advice for the Port of Bahía Blanca will be given. Lastly, interesting areas for further research regarding
this topic will be discussed.

Conclusion
Following the studies in this report, in this conclusion an answer will be provided to the research question
stated in the introduction. The question: How can improving the accessibility of the port of Bahía Blanca by
rail make container transport between the port of Bahía Blanca and the Buenos Aires province economically
competitive with other transport options? was divided into sub-questions, which are used to answer the main
research question.

The first sub research question: Why is container transport by rail to the port of Bahía Blanca currently not
competitive?, can be answered. The research has shown that the capacity and quality of the rail network is
not the issue at the moment. The issue is the connection to the network. For this, a transshipment center is
necessary, which needs to be built at a certain location near the network.

When looking at the second sub research question: How can rail infrastructure be improved to enhance the
accessibility of the port of Bahía Blanca by rail?, the following can be concluded. In the case of building a trans-
shipment center, it becomes clear that a minimum demand is needed to reduce the transshipment costs and
thus make the option of rail transport to Bahía Blanca competitive. It can be concluded that different scenar-
ios lead to different possible locations, with the the feasibility range assessment leading to the conclusion of
a transshipment center between 230 and 430 kilometers from Bahía Blanca.

From the results it can also be concluded that the range has an optimum location at 380 kilometers. An ex-
pansion of the feasibility range is possible in the case of a larger terminal. More container export demand
leads to a larger feasibility range. A transshipment center in the province of Buenos Aires has also been inves-
tigated using the scenario of similar shipping costs for Bahía Blanca and Buenos Aires. It can be concluded
that at least 7200 TEU must be attracted from a radius of 50 kilometers. When researching a transshipment
center close to Buenos Aires city, it can be concluded that a difference of 300 USD/TEU is needed to make a
feasible solution. In that case, the distance to Bahía Blanca is over 600 km, which leads to a minimum import
demand of 30,000 TEU/year. Analysing the sensitivity of parameters in the model leads to the conclusion that
the transportation costs of road and rail are the most influential.
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Advice
For the Port of Bahía Blanca, which is considered the main stakeholder for this research, an advice can be
given. This advice can be concluded from the results of this research, and are subject to interpretation. The
different topics on which the port of Bahía Blanca is advised, are summed up below.

• Only support construction of transshipment center if concentrated container demand is available

This advice is given using the conclusions from the model. From this it can be concluded that container
transport demand should be concentrated in the catchment area of the transshipment terminal. Only if that
is the case, the port should consider into the construction of a transshipment center.

• Investigate possibilities of concentrating industries with container demand in the region

Using the first advice, it should also be investigated whether concentrating industries with container demand
in the region is possible. A steady and large flow of containers is the best way to make the center feasible.
It should be investigated if there are possibilities of moving processing industries from around the city of
Buenos Aires to the location of the transshipment center.

• Investigate the effect of a more balanced import/export ratio obtained through a transshipment center
near Buenos Aires, on lowering shipping and port costs.

A final advice is to investigate how an increase in imported containers through Bahía Blanca due to construc-
tion of a transshipment center near Buenos Aires can cover the difference in port and shipping costs that
is needed to make this transshipment center feasible. It is advised to look at the effect of a more balanced
import/export ratio obtained through a transshipment center near Buenos Aires, on the shipping and port
costs.

Recommendations for further research
The research conducted is subject to imperfections as several assumptions have been made. These imper-
fections are discussed and it is stated on what topics further research could help improve the conducted
research. Three imperfections are discussed in the following section.

The first imperfection is the fact that time aspects are left out of the optimization model. This can be split up
into two different aspects. The first being that the time a container travels is not in the model. At the moment
there is little to indicate a slight change in time will make a user choose for another option. This has mainly
to do with the already long travel times of the containers. In the future, transport time could play a role for
the user, a dilemma could be influenced with the time aspect. Second, the time of building a terminal and
the time that it takes for a shift in container transport, are left out of the research. This means that when it
is decided the transshipment center should be built, the model takes it as if it is ready and attracts demand
directly after it is operative. Further research could be looking into these aspects.

A second recommendation is the detail of the transshipment center. In this research, a rough indication
of area and requirements is used. Would a terminal be built, it should be looked into what this will look
like. Further research can indicate what connections a terminal would have, how many employees would
be needed, how long equipment would be used. These are some examples of assumptions which could be
interesting for more research.

A final recommendation has to do with the shift of limiting criteria regarding container transport in the future.
At the moment, the limiting criteria has to do with the connections. It is also estimated that the capacities of
the rail or road network are not the issue. In the future, this could shift, the roads could become the bottleneck
or the trains could be fully used. Further research could look into what different limiting criteria could affect
operations in the new state.



Bibliography

[1] Pablo Arecco, Vincent Besson, Daniel Caso, Eric Drunen, and Veronica Veleda. Estudio de Mercado. No
journal, page 195, 2018.

[2] Frank Behrends. Cap palmas, 2019. URL www.shipspotting.com.

[3] Dirección de Planeamiento Portuario Subsecretaría de Actividades Portuarias. El ferrocarril de cargas
en la pcia. de buenos aires. Powerpoint presentation, December 2016.

[4] Timo Glave, Martin Joerss, and Steve Saxon. The hidden opportunity
in container shipping. McKinsey, 2014. URL https://www.mckinsey.
com/business-functions/strategy-and-corporate-finance/our-insights/
the-hidden-opportunity-in-container-shipping#.

[5] Kalmar. Container handling systems, december 2005. URL http://www.kalmarind.com/source.
php/1022283/handling.

[6] Kalmar. INTERMODAL HANDLING INCREASING PRODUCTIVITY, SAVING
THE ENVIRONMENT, 2019. URL http://www.kalmar.cz/doc/kontejnery/
kalmar-reachstacker-pro-intermodalni-manipulaci.pdf.

[7] Jorge Kohon. 25 años de Concesiones Ferroviarias Latinoamericanas de Carga: ¿Qué anduvo bien? ¿Qué
anduvo mal?, Banco Interamericano de Desarrollo (BID). no notes, 2019.

[8] Olaf Merk. The Impact of Mega-Ships. Unknown journal, 2015. URL https://www.itf-oecd.org/
sites/default/files/docs/15cspa_mega-ships.pdf.

[9] Olaf Merk. The Container Port of Buenos Aires in the Mega Ship Era. Technical report, Unknown insti-
tution, 2018. URL www.itf-oecd.org.

[10] Anniek Munters, Bas Stam, Thijs van der Wel, and Robbin Wesstein. Container terminal development
for the Port of Bahía Blanca. Technical report, -, 2017.

[11] Ferrosur Roca. Parque de vagones, 2010. URL http://www.ferrosur.com.ar/parque-vagones.
html.

[12] Jean-Paul Rodrigue, Claude Comtois, and Brian Slack. The geography of transport systems. Routledge,
2016.

[13] Port Consultants Rotterdam. Port vision bahía blanca 2040. Unknown journal, page 70, 2017.

[14] FerroExpreso Pampeano SA. no title. Powerpoint presentation, n.d.

[15] Seatrade. Information on container sizes and weights. No notes, 2015. URL http://www.seatrade.
com/fileadmin/user_upload/Downloads/Information_on_container_sizes_and_weights.
pdf.

[16] Hamburg Süd. Liner service south america east coast – south america west coast, 2018. URL https:
//www.hamburgsud-line.com/liner/media/hamburg_sud_liner_shipping/liner_services.

[17] Bart Wiegmans and Behzad Behdani. A review and analysis of the investment in, and cost structure of,
intermodal rail terminals, jan 2018. ISSN 14645327.

22

www.shipspotting.com
https://www.mckinsey.com/business-functions/strategy-and-corporate-finance/our-insights/the-hidden-opportunity-in-container-shipping#
https://www.mckinsey.com/business-functions/strategy-and-corporate-finance/our-insights/the-hidden-opportunity-in-container-shipping#
https://www.mckinsey.com/business-functions/strategy-and-corporate-finance/our-insights/the-hidden-opportunity-in-container-shipping#
http://www.kalmarind.com/source.php/1022283/handling
http://www.kalmarind.com/source.php/1022283/handling
http://www.kalmar.cz/doc/kontejnery/kalmar-reachstacker-pro-intermodalni-manipulaci.pdf
http://www.kalmar.cz/doc/kontejnery/kalmar-reachstacker-pro-intermodalni-manipulaci.pdf
https://www.itf-oecd.org/sites/default/files/docs/15cspa_mega-ships.pdf
https://www.itf-oecd.org/sites/default/files/docs/15cspa_mega-ships.pdf
www.itf-oecd.org
http://www.ferrosur.com.ar/parque-vagones.html
http://www.ferrosur.com.ar/parque-vagones.html
http://www.seatrade.com/fileadmin/user_upload/Downloads/Information_on_container_sizes_and_weights.pdf
http://www.seatrade.com/fileadmin/user_upload/Downloads/Information_on_container_sizes_and_weights.pdf
http://www.seatrade.com/fileadmin/user_upload/Downloads/Information_on_container_sizes_and_weights.pdf
https://www.hamburgsud-line.com/liner/media/hamburg_sud_liner_shipping/liner_services
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A
Expected vessel sizes and required draft

The route in figure A.1 is the only container shipping line that is operating via the port of Bahía Blanca. This is
the Hamburg-Süd line which covers the East and West coast of South America and calls at the port only once
a week since it is a weekly service line. The time from Bahía Blanca to Itapoá, where transatlantic overhaul
takes place, is four days. The different vessels have a capacity between 1580 and 3600 TEU, in combination
with 200 to 800 reefer plugs.

Figure A.1: Hamburg Süd ABAC – CONOSUR [16]

The current shipping line has eight vessels in use with a capacity of 1580-3600 TEU. Each ship takes 56 days
for a total round voyage. An example of a ship using this route is the Cap Palmas of Hamburg-Süd that is
displayed in figure A.2. This ship, with a draught of 6,5 meters, has a gross tonnage of 25,7 thousand tons.
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Figure A.2: Cap Palmas [2]

When working with the expected numbers for the new container terminal with a throughput of 500,000 TEU
and a 60% import share, assumptions on call sizes can be made for ships. When three ships call every week,
it means that there will be a total of 1923 TEU of import movements and 1282 TEU of export movements per
call. On lines between Europe and the Far East, call sizes vary around 20% on the European side and 10%
on the side of the Far East [8]. On this line there is mainly import from Europe and export to the Far East.
Since the import/export share in Bahía Blanca are much closer together it is assumed that an average call size
could be 15%. Besides that the current call sizes also have shares of around 20% based on the provided annual
throughput, import/export ratio and call frequencies. All these numbers are depicted in the table below.

Table A.1: Ship size calculation

Throughput per year 500,000 TEU
Shipping services per week 3 #
Import share 60% %
Call size % 15% %
Results in:
Throughput per service 3205 TEU
Import per service 1923 TEU
Export per service 1282 TEU
Min capacity vessel 1923 TEU
Vessel size needed 12821 TEU

When all these number are taken into account and a calculation for the size of ships is made, it will exceed
the 10.000 TEU border fast. Bigger vessels have impact on the draft needed in the port. The size of the vessel
has impact but also the load percentage makes a big difference. In table A.2 the different drafts are shown as
result of the mentioned variables.

Table A.2: Draft depending on vessel size and load percentage [9]

Load %
TEU 100% 75% 50% 25%

>20.000 18.0 16.2 14.4 12.6
<20.000 16.5 14.9 13.2 11.6
<15.000 16.0 14.4 12.8 11.2
<10.000 15.5 14.0 12.4 10.9
<5.000 14.0 12.6 11.2 9.8
<3.000 13.9 12.5 11.1 9.7
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Since the port of Buenos Aires can accommodate a maximum draft of 13 meter after extensive dredging it
runs into limitations quite fast. The port of Bahia Blanca is able to accommodate those bigger vessels that are
required in a future situation with a container terminal designed for a throughput of 500.000 TEU per year.



B
Port costs

Using information from different sources, an indication of the port cost can be made. Using previous research
papers, experiences from companies and insights from the port authority it became clear that it is difficult to
find matching figures.

Using this, a more detailed approach to finding costs is possible. When looking at tariffs from the port author-
ity and container terminal, it is noticeable that total costs are complex, as different ship sizes, container sizes,
overhaul times and weight all influence the cost. Currently the port of Bahia Blanca is not charging a cargo
rate for containerized transport to support this kind of transport. However, the port is planning to charge a
cargo rate in the future when the throughput gets bigger. Next to the port costs there are also handling costs.
The tariffs used by Patagonia Norte for container handling in the Bahía Blanca container terminal are not
public, making it necessary to make estimations. With help from CREEBBA, an economic research agency,
the Bahía Blanca port costs can be estimated.

To make the overview more clear, the costs can be divided in three parts, namely the shipping costs, the
container terminal costs and the port authority costs. Based on a previous research conducted by CREEBBA,
an estimation can be done for transporting a container via the port of Bahía Blanca. Transporting a 40 ft.
reefer container from Bahía Blanca to Rotterdam (via Brasil) is considered as a base point for the estimated
costs. The corresponding handling costs at Bahía Blanca are estimated to be USD 380. The costs for the port
authority are as follows (Gonzalo Semilla, interview, September 20, 2019);

• Bill of load: USD 90

• Gate out: USD 50

• Handling: USD 50

• Adminstration fee: USD 99 + iva

• Documentation USD 90 + iva

Agroprimus S.A., a popcorn producer who exports the corn out of Argentina to sell on the international mar-
ket, gave some costs insights as well. The handling and port costs are estimated around 470 USD per TEU in
the Port of Bahia Blanca (Gonzalo Braceras, interview, September 18, 2019).

Understanding the current costs per TEU at the port of Bahia Blanca can be quite hard but in this research the
starting point is a large and efficient container terminal at the port of Bahia Blanca which is a result from the
high growth scenario as mentioned earlier. With sufficient throughput for this terminal handling costs can
decrease due to economies of scale. Modern equipment means faster operations and bigger ships can mean
a bigger call size which both negatively effect the costs per TEU which will be positive for the port of Bahia
Blanca. This research will also focus on the sensitivity of the relation between handling costs and container
demand.
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C
Costs of shipping

Economies of scale is a very important factor for shipping costs as shown in figure C.2. When looking at the
current costs of exporting via the port of Bahia Blanca it immediately becomes clear that shipping costs play
a big role. From both CREEBBA as Agroprimus S.A. comparable values for transporting via Bahia Blanca were
obtained. These values are depicted in figure C.1 where the impact to the total costs becomes clear of the
different stages in shipping. When speaking to producers in the region a recurring notion is that the shipping
cost from Bahía Blanca is often the defining factor to not choose for shipping via Bahia Blanca.

Figure C.1: Cost breakdown of inter-Atlantic shipping via Bahia Blanca in euro/TEU

As can be seen in figure C.1 shipping costs are the most important part of the total costs. This shows the
importance of the right shipping lines calling at the port of Bahia Blanca. By building a new terminal port
costs could well be lowered due to efficiency and economies of scale but it is way more import to first lower
the shipping costs. Evidently these two go hand-in-hand while a bigger terminal is needed to attract the
shipping lines.
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The economies of scale that are inherent to increasing ship sizes can be a huge advantage for the port of
Bahía Blanca. This will lower shipping costs which is needed to successfully operate a large sized container
terminal. Bigger vessel sizes reduces costs per TEU when their capacity is utilized to a certain extent. Merk
(2015) [8] shows how much this cost reduction is for increasing vessel sizes. This is visualized in figure C.2.

Figure C.2: Cost reduction per TEU due to vessel growth (85% utilization) [8]



D
Road transport

This appendix gives insight in road transport in the province of Buenos Aires. Firstly, it shows the situation
of the road infrastructure and use in the entire province of Buenos Aires, the area of scope. The section after
that focuses on the road infrastructure around the port of Bahia Blanca. In the end the costs of road transport
are assessed.

Characteristics of road network in area of scope
The road network of the province of Buenos Aires consists of more than 120,000 km, of which 4,675 km are
national routes that cross the province, 36,052 km correspond to provincial roads and the remaining part
belongs to the municipalities. All national roads are paved and from the provincial roads 10,272 roads, thus
approximately 30% has pavement, the other part is either ground or enhanced ground. The roads and rail
lines connecting the port of Bahia Blanca with the port of Buenos Aires are shown in figure D.1.

Due to environmental factors and excessive loads, the road network has deteriorated over time. Arterial roads
are subject to traffic loads above capacity, which results in lower service levels and an increased level of road
accidents. Currently all containers in the region are transported by truck using the road infrastructure except
for a daily container train travelling from Bahía Blanca to Buenos Aires and vice versa.

Figure D.1: Infrastructure network between Bahía Blanca and Buenos Aires
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Road infrastructure around the port of Bahia Blanca
The city of Bahía Blanca has multiple road connections to the province of Buenos Aires, namely the RN33,
RN35 and the RP51 (see figure D.2). However the only access route to the port of Bahía Blanca is the Ruta
Nacional 3 (RN3), which crosses Bahía Blanca from the Buenos Aires province, across the port towards the
south of Argentina. The roads, 18 de Julio and the Ruta Nacional 252 (RN252), form the only connection
between the RN3 and the port of Bahía Blanca (see figure D.2). The red area in between these two access
roads has weight restrictions of 6 tons per truck axle resulting in no trucks trespassing the municipality routes
to reach the port. This also causes the fact that the container terminal, located at the black pin of figure D.2,
can only be reached via 18 de Julio[10]. In 2016 an average of 700 trucks per day driving over these roads was
estimated, with relatively high fluctuations due to the harvest season of grains three or four months a year.
According to BOLSA Cereales truck transport gets very congested during the harvest season, resulting in high
waiting times for container trucks as well. This has to do with the infrastructure but also with the handling
capacity of the port of Bahia Blanca.

Costs of road transport
In literature not much information can be found of the current container transportation costs by truck. The
Confederación Argentina del Transporte Automotor de Cargas (CATAC) does provide yearly reference tariff
documents about truck transport in Argentina. At the end of this appendix the reference tariffs in the province
of Buenos Aires dated from August 2019 are provided. It shows that transport from Bahía Blanca to Buenos
Aires (or the other way around) will be approximately 35 US $/ton with the current rate of exchange.

Figure D.2: Access roads to port of Bahía Blanca [10]
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E
Rail transport

In this appendix the assessment of rail transport in the area of scope can be found. The first section is about
the characteristics of rail network in area of scope. The second part focuses on the infrastructure around the
port of Bahia Blanca. After that the operations, technical characteristics and the costs of rail transport are
illustrated. The section in the end informs about current transshipment options on the network since this is
of particular interest to the research paper.

Characteristics of rail network in area of scope
Considering freight transport, two private railway companies are currently operating in the area of scope,
Ferrosur Roca S.A. (Ferrosur) and Ferroexpreso Pampeano S.A. (FEPSA). A large share of the area is operated
and maintained by Ferrosur, and FEPSA is only responsible for the rails around the port and city of Bahía
Blanca. In this appendix their network, operations and characteristics are described.

Figure E.1: Total Ferrosur network

36



37

Ferrosur operates and maintains most of the considered network. Their concession area, which was acquired
in December 1992 and ends in March 2023, entails a network with a total length of 3.377 km. The main artery,
an artery with a total of 650 km, runs from Buenos Aires, where it has access to the ports Dock Sud and Puerto
Nuevo, via Olavarría to Bahía Blanca. In fact, the line does not stop at Bahía Blanca, but runs for another 741
km to Zapala in the west of Argentina. However, this part of the line is not in scope of this project. Next to
the main line through the area there is a secondary rail line from the port of Bahía Blanca via Tres Arroyos
and Tandil to Las Flores where it connects to the main artery again. In addition to these two lines, there are
multiple lines that are only operative if there is demand (e.g. during harvest season) and lastly, 18% of the
lines is not operative at all [3]. The overview of the total network of Ferrosur Roca can be found in figure E.1.

Next to Ferrosur, FEPSA is operating and transporting cargo in the studied region too. FEPSA’s concession
started in 1991 and will end in November 2021. That concession entails a network of 5,094 km which is
located in the western part of the Buenos Aires province and in the province of La Pampa. For that reason
most of their network is out of scope for this project. Although only 55% of FEPSA’s network is operative, the
part that is operative is nearly saturated. [10].

Rail infrastructure around the port of Bahia Blanca
Railway company FEPSA has a principal line to the port of Bahía Blanca and maintains and operates the
tracks in the port itself. Direct access means that there are no permits needed which results in less waiting
time and faster rotation of their material compared to going to another port. At the container terminal a
well-functioning rail infrastructure is present as well, but the access and egress to and from this terminal is
currently only performed by trucks. This can be explained by the fact that the entrance is blocked when more
than ten train wagons are coupled. Furthermore, railway operators indicated that the urge of handling on
terminal ground is limited [10].

Due to the fact it has direct access to the port of Bahía Blanca, FEPSA transports more than 70% of its cargo
via the port of Bahía Blanca. To gain better insights in the current operations on the network, it is important
to know the commodity and the amount of transported cargo. In 2016, 9.97 million tonnes of cargo were
transported via the port of Bahía Blanca. Of this amount 30%, 2.98 million tonnes, was cargo from FEPSA.
0.22 million tonnes came from the direction of Coronel Pringles to Bahía Blanca and thus used part of the
Ferrosur network. In total FEPSA transported 4.24 million tonnes of cargo, mostly grains and food [14].

In order to reach the port of Bahía Blanca, Ferrosur has to make use of the rail network of FEPSA, which is
a disadvantage for this company. FEPSA on the other hand, can only reach the eastern part of the Buenos
Aires province by the network of Ferrosur. Through mutual agreements both railway companies are able to
use each others networks (D. San Juan, interview, September 19, 2019).

Current operations
Ferrosurs most important operations on the network are concentrated around Olavarría, since it is an impor-
tant place for cement production in Argentina. For that reason, 8 to 12 trains leave from Olavarría to Buenos
Airs each day. Combined with other traffic, this part of the network can be considered saturated. The part of
the network from Bahía Blanca to Olavarría is less congested as only 4 to 6 trains take this route each day (H.
Torresi, interview, September 20, 2019).

At this moment container transport by rail is not commonly used. Only a single train with 45 loaded contain-
ers runs daily from Bahía Blanca to Buenos Aires from Monday up until Saturday, thus six times per week.
These containers are only filled with polyethylene grains produced by Dow chemicals located in the port.
These grains are transported to Buenos Aires, from which a part is for domestic use in that region and the
other part is exported via the port of Buenos Aires. Each train returns with empty containers to Bahía Blanca.
The total round trip to Buenos Aires and back to Bahía Blanca takes three days. Using the fact that the fleet of
Ferrosur consists of 350 container wagons, it can be assumed that around half of these are used for their daily
service to Buenos Aires [11].

Characteristics network
Trains on the Ferrosur network drive with an operational speed of between 40 and 50 km/h. The maximum
speed that could be reached on the network is 60 km/h. (H. Torresi, interview, September 20, 2019) One of the
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reasons that the maximum speed is not reached is that the line consists of only one track. Therefore, trains
have to wait for a passing train at a station where more tracks are available. Next to that, the railway crosses a
lot of small villages in which a velocity of around 15 km/h is expected. As a result, the average speed is only
35 km/h which explains the three days duration of a round trip to Buenos Aires and back.

Another characteristic of the operations on the network is that regular and irregular train operations are
mixed. Therefore, the offered services have no clear timetable which makes the operations less optimized
and gives opportunity for improvement (J.P. Martinez, interview, September 14, 2019).

The main railway from Bahía Blanca via Olavarría to Buenos Aires can facilitate a maximum load on the
track of 20 tons per axle of the wagons. Since a wagon has a load of approximately 25 tons, the load of the
container(s) and its content on one wagon may not exceed 55 tons. The train between Bahía Blanca and
Buenos Aires also crosses ’Sierra de las Ventanas’, a hilly area with an uphill gradient of 7%. This region
is constraining the maximum load and velocity of the trains. A train going from Bahía Blanca to Buenos
Aires cannot have a gross weight over 3200 tons. In the opposite direction the steep slope is in the downhill
direction and therefore the maximum gross weight is 4000 tonnes. The secondary line of Ferrosurs network,
which connects Bahía Blanca and Buenos Aires via Tres Arroyos and Tandil, is in worse shape. Because of
the worse condition, the velocity on this longer route is lower and the maximum weight of the container
and its content on these track is 43 tonnes. On the remaining tracks in the region the maximum axle load
is 17 tonnes also due to poorly maintained rails. (H. Torresi, interview, September 20, 2019) Another issue
regarding capacity of container transport by train is that double stacking of containers is not possible (J.
Kohon, interview, September 24, 2019).

Costs of rail transport
Transport per train normally costs around 0,05 $/tonkm. However, due to the current economic position of
Argentina the costs for transporting one ton of cargo over one kilometer are currently 0,035 $. Transshipping
a container from truck to train or vice versa costs around 1$ per ton. (D. San Juan, interview, September 19,
2019; J. Kohon, interview, September 24, 2019)

Transshipment center
Alongside the studied corridor, the railway companies do not facilitate transshipment areas for containers.
Ferrosur has two locations in their network where containers are transshipped, namely in the ports Dock Sud
and Puerto Nuevo. On the FEPSA network, only one transshipment center is located at Dow chemicals in
Bahía Blanca, operated by Celsur Logística. Furthermore, as already mentioned, transshipment of containers
via rail directly to a vessel can take place in the port of Bahía Blanca. However, these tracks are currently not
in use by FEPSA. Due to the few transshipment options alongside the railway, companies in the Buenos Aires
province are not able to use rail as a possible transport option to the ports.



F
Container transport demand in the

province of Buenos Aires

Information that is key in this research is the amount of container demand and where it is located in the area
of scope. To come up with ideas about changing the corridor to generate more container demand in Bahía
Blanca it is necessary to know where to get this container demand from.

Literature research was done to get insight in the commodities produced in the region. This also gave insight
in the type of product that was mainly transported. It became clear that this is agri-bulk. Containers can be
used to transport agri-bulk but it is not very common, especially not in Argentina. However, there are some
companies that actually produce products that are shipped in containers in the region. Companies like Farm
Frites import potatoes from local suppliers as bulk to their facilities but export the final product in containers.

In order to find out more about these types of companies, field research was done by visiting multiple com-
panies and experts in the province of Buenos Aires. Some of the companies that where visited were mainly
focused on agri-bulk and did not use containers for transporting their products. An exception on this was a
pop-corn producer called Agroprimus S.A. This producer uses containers to transport its products to coun-
tries like Turkey and Nigeria. Some very useful insights were gained about container demand and transport
in the region, but also about transport costs. Every year Agroprimus S.A. exports around 400 TEU via the port
of Buenos Aires to destinations on the other side of the Atlantic ocean. The port of Buenos Aires is chosen
for shipping because of lower shipping costs. The companies that were interviewed did not know of other
companies that transported their goods in containers.

To dig one step deeper experts from the region were interviewed as well. Those experts also confirmed that
containerized transport was not widely used but that there are some more exceptions on this like Agroprimus
S.A.. From interviews with Bolsa Cereales (Bolsa Cereales, interview, September 20, 2019) and Ivan Ulmann
(Ivan Ulmann, interview, September 20, 2019) it became clear that there were producers of olive oil, honey,
wine, durum wheats and organic cereals that also use containerized transport. Onions and garlic used to be
transported in containers but this is not the case anymore, Bolsa Cereales was unclear about the reason why
this changed. All these producers account for a small container demand and they are not located near to each
other.

Getting back to the first paragraph, producers like Farm Frites that have bulk as import and containerized
transport as an output could be really interesting for the region. Agri-products need to be processed and
after processing those finished goods can not be transported in bulk anymore. This does not only account for
potatoes, for example, there is a lot of meat production in the region but the slaughterhouses are located in
the industrial area of Buenos Aires. Locating these processing factories more close to the origin of the product
could increase container transport in the research area.

The main reason why those companies are located in Buenos Aires is because they prefer to be as close to the
customer as possible. As can be seen in figure F.1 most of the population of Argentina lives in Buenos Aires.
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This figure also immediately makes clear why container transport is currently preferably done via the port of
Buenos Aires. Containerized transport in Buenos Aires is mostly used for manufactured goods [9] that find
their highest demand on densely populated areas.

Figure F.1: Population density Argentina

Demand in the region for containerized transport is low and scattered. The main reasons for this are that
the majority of the products is agri-bulk and that the area is not densely populated (figure F.1). There are
chances for the containerized transport to grow in the region if the processing of agri bulk would happen
closer to the source of those products. But it is only interesting for companies to do that when transport to
the region with demand can be executed in an efficient way. Besides that smaller producers of products that
are shipped in containers can bundle their forces to generate a larger container throughput together which
can also benefit the efficiency of transporting their products. It can be concluded that there are chances for
container transport demand to grow in the region but it is not sure by how much.
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Specifications of transshipment center

Transshipment terminal in the province of Buenos Aires
Since the population density in the province of Buenos Aires is low, it is expected that the amount of exported
containers is higher than the amount of imported containers. These exported containers come from compa-
nies in the region. Although the average population density in the province is low there are still some areas
where population is quite dense. Depending on the placement of the transshipment terminal this will have
effect on the import demand of the terminal. As a rule of thumb a container demand of 10,000 inhabitants
account for a container demand of 1,000 TEU per year (P. Arecco, interview, October 24, 2019).

To accommodate the exported containers the terminal is designed in a flexible way. The design is based on
findings by Wiegmans and Behdani and adjusted to Argentinian standards and prices [17]. The terminal has
one hectare of stacking area. In that way, when only one reach stacker operates the terminal, the capacity
of this stacking area is 500 TEU [6]. A reach stacker is relatively cheap, very versatile and able to load and
unload trains and trucks. It is expected that one hectare of stacking area and one reach stacker is sufficient
for a maximum yearly throughput of 10,000 TEU. If it turns out that a larger yearly throughput is needed to
make realization of the transshipment terminal feasible, additional equipment is necessary to increase the
storage capacity. Two possible pieces of equipment have been considered: a straddle carrier and a rubber
tyred gantry crane. A straddle carrier only increases the practical storage capacity with 25% to 625 TEU per
hectare. A rubber tyred gantry crane makes storing 1,000 TEU on one hectare possible [5]. For this reason
adding a rubber tyred gantry crane will be chosen if a yearly throughput over 10,000 TEU is necessary to
make the realization of the container terminal feasible.

In order to transship from all possible train compositions the terminal needs to extent over a length of the
longest possible train. In this case this adds up to around 700 meter (H. Torresi, interview, September 20,
2019). The assumption that a great share of the train load is transferred at the terminal makes a long platform
a necessity. Since the train route mostly consists of only one track it is needed to construct an extra track at
the terminal in order to make sure that the network does not get congested due to transshipment operations.
Besides that transshipment operations can be easily secured into a confined space which is beneficial to
safety.

Figure G.1: Terminal design for a transshipment center in the province of Buenos Aires

In Figure G.1 a possible layout of the terminal can be found. As mentioned before, the terminal consists of
10,000 m2 storage area. To achieve more optimal operations this area is split up in two storage areas of 5,000
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m2 surrounded by roads. In addition to this, there is a warehouse of 1,200 m2 for added services and an office
area for customs, security and terminal operators of 150 m2. The road system contains of 15 meters wide
roads along the rail track and the storage area. A 15 meter wide road is needed to manoeuvre a reach stacker
carrying a FEU through the terminal. In addition to the road network there is space for around 10 trucks to
park in the terminal.

If it turns out that a maximum yearly throughput of 10,000 TEU does not suffice (which proved to be the case
in the research), the amount of storage area needed remains one hectare. However, minor adjustments to
the terminal design might be necessary. For example the road crossing the storage area might not be needed
anymore. In addition, the office area increases as more employees will be needed to operate a bigger terminal.
Of course, a big change is that design needs to be adjusted to make rubber tyred gantry crane operations
possible.

Table G.1: Costs for terminal in the province

10,000 TEU/year terminal 20,000 TEU/year terminal Unit
Lower bound Upper bound Lower bound Upper bound

Investment costs 2,617,000 3,347,000 3,398,000 4,330,000 USD
Depreciation years 30 30 30 30 year

Investment costs 87,000 115,000 133,000 144,000 USD/year
Operational costs 223,000 286,000 319,000 359,000 USD/year
Total yearly costs 373,000 480,000 584,000 679,000 USD/year

Minimal costs per TEU 37 48 29 34 USD/TEU

In table G.1 the costs of a 10,000 and 20,000 TEU per year terminal can be found. The investment costs consist
among others of new rail tracks, pavement and terminal equipment. Next to investment costs there are also
operational costs. Examples of operational costs are salaries for employees, maintenance costs and costs for
fuel and electricity. Maintenance costs account for around 60% of the operational costs. Another big part,
20%, is due to labour. The investment costs are spread out over 30 years. The operational costs in USD per
year are added to this to get to the total yearly costs. Dividing this by the maximum amount of TEU the
terminal can transship in one year leads to the minimal costs per TEU. In table G.1 it can be seen that if the
terminal is used up to its maximum capacity, the minimal costs per TEU are lower for a bigger terminal. The
calculation of the investment and operational costs can be found in Terminal-design-costs.xlxs.

Transshipment terminal in the city of Buenos Aires
As mentioned before, a transshipment terminal near the city of Buenos Aires that handles 20,000 containers
a year seems small. Therefore, the terminal in the city of Buenos Aires is designed to handle 100,000 TEU
a year. In addition to this, it should be noted that a transshipment terminal in the city of Buenos Aires will
handle more import containers than export containers. The size of the terminal is based on a well educated
guess and it is between 5-10 % of the total throughput in Buenos Aires [9]. This throughput is also needed to
lower transshipment costs and make it more feasible to use Bahía Blanca as shipping port instead of Buenos
Aires despite the longer transport distance over land.

Compared to the smaller terminal more concrete pavement is needed since the storage area should enable
storage of much more containers. However, due to application of other equipment the storage area will be
used more efficiently thus the relation between maximum throughput and concrete pavement is not linear.
Investments in equipment consist of two additional gantry cranes and two extra reach stackers compared to
the terminal that can handle 20,000 TEU per year. Another important investment that is needed to achieve
smooth operations at a larger terminal is a second rail track of 700 meters long. One of the gantry cranes will
enable loading and unloading on the trains.

Next to additional investment costs a bigger terminal will result in higher operational costs. A growth in
operations will result to higher fuel and electricity costs. Next to that more employees and guards are needed
to handle containers smoothly.
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In Table G.2 the costs for building and operating a terminal that is designed for a yearly throughput of 100,000
TEU, is shown. If the costs of a terminal in the province are compared to the costs of a terminal in the city
of Buenos Aires it can be seen that due to economies of scale the minimal costs per TEU decrease signif-
icantly. A more extensive breakdown of the investment and operational costs can be found in Terminal-
design-costs.xlxs.

Table G.2: Costs of terminal in the city of Buenos Aires

100,000 TEU/year terminal Unit
Lower bound Upper bound

Investment costs 11,585,000 14,223,000 USD
Depreciation years 30 30 year
Investment costs 386,000 474,000 USD/year
Operation costs 966,000 1,198,000 USD/year
Total yearly costs 1,825,000 2,257,000 USD/year
Minimal costs per TEU 18 23 USD/TEU
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Model solver function

Figure H.1: Model solver function showing precedents of objective

Figure H.2: Model solver function showing formulas for parameters and objective
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Sensitivity figures

Sensitivity analysis
A sensitivity analysis determines the influence of parameters on the outcome of the model and by that can
help indicate which changes are promising or should be avoided or acted upon. In this appendix the param-
eters that are interesting to change are explained. The parameters are changed to analyse their sensitivity
and thus realistic changes should be estimated. Below, the probability of these changes, including how they
could change, are discussed. This will determine the range of the numbers used during the sensitivity analy-
sis. In addition to using a lower and upper bound value, the sensitivity of a 5% increase and decrease of these
parameters is put in the model as well. Each changed parameter will be separately put in the model while all
other parameters keep their initial value. After this, all parameters that have a negative effect on the outcome
of the model will be put in the model simultaneously. The same is done for the parameters that positively
influence the outcome. The resulting outcomes of these sensitivity analyses will be presented in chapter 4.

Container load (net)
Changes in the container load can be changed with regard to the commodity which is transported. An av-
erage net load of 13 tons is used in the market study. When goods with a higher density are transported the
container weight can increase. As the average load is determined by the commodities transported, a change
in commodities can change the average. Both the transport costs for road and rail are calculated per ton but
the costs of transshipping are calculated tariffs per TEU. This means that weight does not matter for trans-
shipping. This results in a lower cost per ton for the good transported in a container, when they are heavier.
The low and high value used to determine the sensitivity of the net container load are 10 ton and 16 ton,
respectively.

Transport cost rail
The transport costs of rail can change due to ownership, investments and usage of the network. All of these
rely on the economic setting present. Private ownership might handle with the aim of maximizing profits,
while a governmental investment would be beneficial for its citizens in the form of sufficient supply of trans-
port. In times of economic stability, the government could be more eager to invest in a rail network. The
current costs are $0.038 per ton kilometer.
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Figure I.1: Cargo tariffs in Latin America in 2016, in dollar cents per ton per km [7]

In a study by Jorge Kohon [7], the cost of transporting cargo in Latin America is investigated. From this study
it can be concluded that the rail costs can be highly differential in different areas and situations. The initial
model uses a 3.8 for the transport costs. Figure I.1 shows a high rail cost of 7.6 dollar cents, and a low cost of
1.0 dollar cents. Both of these rail operators are located in Brasil. For the sensitivity analysis a 50% increase
would lead to $0.057 per ton per kilometer, which is realistic looking at similar transporters. A more positive
value of 50% decrease, would be $0.019 per ton per kilometer.

Transport cost road
The current costs of trucking are measured per ton per km. The total costs are determined using a non-
linear function, which is as mentioned in the previous chapter, where x is the distance in kilometers to the
destination and the outcome is in $ per ton: −0.000017x2 + 0.061x + 4.17. To determine the impact of the
cost of road transport, a decrease and increase of 20% is used. The total costs rely on the economic situation,
the trucking unions and the oil price. Economic instability can lead to an unhealthy use of the trucks, as
this might lead to an unbalanced demand for train and truck cargo transport. The truckers in Argentina are
supported by trucking unions. They are influential in politics. Similar to other transport modes is the relation
with the oil price. Increasing oil prices quickly lead to higher fuel prices and total transport costs. Governance
in fuel usage of a country can influence this. Emissions are becoming a more important subject, which might
affect the road transport costs.

Yearly cost transshipment terminal
It is also interesting to investigate what effects lower costs for transshipping (e.g. from truck to rail) have on
the flow of needed container demand. A change in transshipment costs can be obtained by changes in the
investment and operational costs of the rail terminal. To investigate the effect of the yearly costs to earn back
the transshipment terminal a lower and a higher value is taken in the sensitivity analysis. The lower bound of
the yearly costs is US $632.5 thousand. This results in values of US $585 thousand and US $680 thousand for
the sensitivity analysis.

Import and export Ratio
The ratio of import and export is expected to influence the model significantly. The ratio in the initial case
is 0.4, which is the ratio of import containers divided by exported containers. This is highly unbalanced
and in a perfect scenario would be 1. In order to test the sensitivity of this parameter, a reduction to 0.25 is
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used. A positive scenario will show a ratio of 0.55. This would mean a smaller number of transported empty
containers.

Important for this ratio is the number of inhabitants in the region. The ratio is expected to decrease if there
are less inhabitants in the area where the transshipment center is located. If the transshipment center is
located near Buenos Aires, the ratio would increase.

When looking at innovative ideas to improve the ratio, the inclusion of spot demand can improve the ratio.
At the moment there are 40 containers imported for every 100 which are exported. This means 60 empty
containers are to be imported. This repositioning is not wanted for any party. Empty container movement is
not only an issue in Argentina, and it has been studied before.

Figure I.2: Empty container re-positioning [12]

When looking at figure I.2, it becomes clear that this empty container flow does not only impact the transship-
ment center. For the situation in Buenos Aires, there is a need for more importing containers in the region
where the transshipment center is located. When positioning the transshipment center, it should be clear
what the expected demand for container import is, in order to create a healthy import/export ratio. What
could help when developing the area is including companies which import containers. A lot of goods can
be transported using containers and the more populated the city the more containers are to be imported.
This would likely consist largely of retail, conglomerate and electronics. All are attracted by larger cities and
determined by the population.

Radius
The radius parameter determines the area of industries that makes use of the transshipment center and trans-
port their containers to it by truck. Enlarging the radius leads to a larger area from which more demand can
be acquired. Additionally, a larger area produces more demand. To visualize the area which is described,
figure I.3 shows the area which can be reached with a 50 km radius.
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Figure I.3: Radius

On the negative side, a larger area would lead to a larger average distance to be covered by truck to the trans-
shipment center. Thus increasing the average costs of using this modality choice. In order to analyse the
sensitivity, a value of 70 km and 30 km is used. A smaller radius would be possible if a container demand
producer increases its demand. It is interesting to look at these areas as the complexity of a larger area plays
a role too, due to the fact that a larger area is not linear with the produced demand.

Port costs
In the model the shipping and handling costs do not influence the demand needed to make a transshipment
center feasible. However, they do affect to which port containers will be transported and at which location
the transshipment center should be built. For these reasons, the sensitivity of the port costs regarding with
respect to the distance of the transshipment center from Bahia Blanca is investigated. The demand is set to a
fixed value of 5,000 TEU or 10,000 TEU. The difference in total port costs which consists of the shipping and
the handling costs, is the variable that determines how far the transshipment terminal could be realized. For
that reason, it is necessary to understand that a change in handling cost in one port has the same effect as a
similar change in shipping costs in the same port. Additionally, a change in handling or shipping cost in one
port has the same effect as an opposite change in handling or shipping cost in the other port. Below several
scenarios are described in which the shipping or handling costs in both ports can change.

Handling cost Bahia Blanca
Container handling costs make up a substantial part of the total costs in freight transportation. For that
reason, it is interesting to investigate what effect an increase or decrease in handling costs has on the results
of the model. Handling costs in Bahia Blanca could decrease once the new terminal is operative. The reason
for this is that in the new terminal operations will be more optimal and efficient due to new technologies,
more (continuous) container demand and economies of scale. Furthermore, the handling costs depend on
the state of the Argentine economy. More inflation will lead to a further increase in prices while deflation
triggers the opposite. Additionally, the type of containers affects the handling costs. For example, a reefer
needs to be plugged into an electricity source and needs to be monitored more frequently than a regular
container. This will lead to higher prices.

Shipping cost Bahia Blanca
A bigger terminal in Bahia Blanca will not only lead to lower costs regarding container handling in the termi-
nal. It is expected that vessels will call at Bahia Blanca more frequently. Moreover, these vessels will be bigger
than current vessels calling at Bahia Blanca. These economies of scale can lead to a decrease in shipping
costs. Other factors that are important regarding shipping costs are the commodity, the load of the cargo and
the state of the economy, including fuel prices.
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Figure I.4: Ocean freight rates in US$ per TEU [4]

As can be seen in figure I.4, the costs of shipping a container can change a lot throughout the years. This
shows the global average costs, which are assumed to be similar to the costs in South America.

Handling cost Buenos Aires
Compared to Bahia Blanca the situation in Buenos Aires is different. There are multiple terminal operators in
the port of Buenos Aires. This means more competition which naturally leads to lower prices. However, it is
important to note that the concessions for the terminal operators in the port of Buenos Aires end in 2020.

Several scenarios are conceivable when the concession ends. One is that there is no new operator for a certain
period of time. Another scenario is that the three terminals make room for one terminal operated by only one
operator, resulting in a less competitive market. Lastly there might be a chance that the ending concession in
Buenos Aires triggers one of the current terminal operators to find another port for their activities, for instance
Bahía Blanca. These hypothetical scenarios will have different effects on the handling costs in Buenos Aires.
Another factor that influences the handling costs in Buenos Aires is that there is little space left to expand the
area to be used for container handling. This means that a further decrease of handling costs due to economies
of scale is less likely.

Shipping cost Buenos Aires
Compared to the port of Bahía Blanca, the port of Buenos Aires has some limitations regarding vessel calls.
The channel that enables access to the port is not wide enough for two vessels to pass each other which results
in waiting times to enter this channel and a limitation of the frequency of vessels calling at the port of Buenos
Aires (A. Zuidwijk & N. Boot, interview, September 19, 2019). The limited frequency and the waiting time in
combination with the limited vessel size in the port of Buenos Aires makes it unlikely that the shipping prices
at the port of Buenos Aires can lower significantly.
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