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Abstract 

In respect to the growing freight flows, new technologies have emerged in the market as transport 

alternatives that allow the combination of both rail and road modes, in which the first travels great 

part of the total route distance and the last connects the rail terminals to the origin and destination 

locations. The present essay integrates the Modalohr rail solution in the combined transport and 

its goal is to investigate which factors can influence the modal choice process in freight 

transportation, using agent-based simulation. 

Bibliographic review shows demand modeling methods and simulation paradigms which can be 

applied in the study of transportation systems. According to this research, it is possible to 

acknowledge that the analysis of eventual modifications must include time variations, and that 

can only be accomplished with simulation. 

A simulation model was conceived to reach the goal of the essay and intends to reproduce a 

supply chain that offers services from the center of Europe to the Iberian Peninsula, in respect to 

decision making process and physical freight transport. 

Multiple scenarios are built to introduce changes and future simulation runs must predict its impact 

in the model. Here, simulation is key because the learning mechanism of all agents involved in 

the decision-making process is strengthened with time variations and new choices will be made 

based on past experiences, whether these may have been positive or not. Trust must be 

established so that the modeling process can achieve proposed goals and the model can be 

applied to similar environments.  
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1. Introduction 

The importance of freight transport is evident   

because of the economic growth, in which 

the commercial trades increase and so does 

the necessity of such transportation. In 

Europe, the freight transport is more 

common between countries and the travels 

are mostly made by road.  However, when 

the transportation is international, many 

risks can occur. On this note, every country 

is forced to take measures that discourage 

freight transport exclusively via road when     

there’s it is a long-distance transport. 

The alternative solution to this problem is to 

transfer some of the freight road traffic to rail 

transportation, where the latter travels most 

part of the route and the first connects 

production/consumption locations to rail 

terminals. Besides relieving the road freight 

movement problems, combined transport 

offers fairly good quality of service and 

reduced prices.  

In the combined transport market, there are 

plenty of technologies available to assure 

freight transport in multiple situations. Some 

of them are Modalohr, Cargospeed, 

Flexiwaggon and Megaswing. Each offers 

different conditions of transport, but they all 

share the same vertical transshipment 

mode. 

The chosen transport system to integrate the 

combined alternative shown in this work is 

Modalohr, which consists of presenting 

rotative wagons that allow the truck driver to 

load or unload the semi-trailer without any 

help from transshipment equipment. When 

the train is loaded, it can travel through 

railways with GB1 loading gauge.  

A model is conceived and developed with 

parameters based on Modalohr transport’s 

real characteristics, to evaluate the 

applicability of simulation in this type of 

studies.  

2. Freight transportation market 

Some factors that influence the freight 

movements are related to the demand made 

by producers, the diversity of products that 

need shipping and the distance they need to 

travel to reach the destination, and where 

the population concentration is located.  

When using exclusively the road transport to 

ship freight over long distances, there is an 

increase of both road traffic volume and CO2 

emissions. There’s also the roadway wear 

caused by the circulation of great amounts 

of trucks.  

Accordingly, Seidelman [1] says this type of 

transportation is ideal to short distance 

travels. Therefore, combined freight 

transport can be taken into consideration 

when international transport is needed.  

The process of transferring the load begins 

when the truck arrives at the rail terminal. 

Then, the transshipment is done with or 

without the help of specialized equipment for 

such operations. After the loading is 

completed, the truck can leave the terminal, 

or the tractor can be loaded and transported 

along with the freight in the train.  

Focusing on the Modalohr transport system, 

its wagon design allows the truck driver to 

easily transfer the load and the train can be 

fully loaded in less than 30 minutes. When it 

comes to unloading the train, all trucks need 

to be present at the rail terminal.  The road 

operator has the option to choose between 

unaccompanied or accompanied transport. 

Since every wagon is independent from the 

others, unloading operations can occur 

during intermediate stops without the need 
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to unload the entire train. Chiara et al.[2] 

says one of the challenges of Modalohr 

transportation comes from the necessity of 

splitting the truck, in case the road operator 

choses  the accompanied transport, which 

causes lack of interest to agree on this 

option.  

The first similar technology is the 

Cargospeed system that can transport 

unstandardized semi-trailers. Flexiwaggon 

is a system where every type of road vehicle 

can be transported, not only semi-trailers or 

trucks. The last related technology is the 

Megaswing system, that accepts semi-

trailers which cannot be transferred via the 

help of cranes.  

Modalohr’s characteristics are attractive 

enough to increase interest in road 

operators, with its multiple daily services and 

amount of available capacity to be reserved. 

3. Freight transportation modeling 

potential 

Modeling implies that decision making 

forecasts must consider the generalized cost 

of transport alternatives [3]. 

3.1. Reflection on freight transportation 

demand modeling 

Demand modeling is mainly developed for 

passenger transport instead of freight 

transport. However, the adaptation of these 

models to freight have been made, due to 

the increasing necessity to allocate goods 

between zones. The demand modeling 

should be elaborated considering every 

advantage available in each proposal to 

make the most of it, in case the solution is 

chosen.  Here are some reasons alleged for 

the lack of investigation in freight modeling, 

according to Van Wee et al. [4]: 

• Not enough information available to use 

in freight modeling; 

• Modeling freight flow is more difficult than 

modeling passenger flows; 

• Urban congestion is one of the most 

approached subjects in developed 

countries’ policies and passenger 

transportation has priority over freight 

transportation; 

• The number of involved agents in freight 

transport is higher than those involved in 

passenger transport. 

 

3.2. Demand modeling methodologies 

Demand modeling is in a continuous process 

with the purpose of optimizing the currently 

known methods. There are multiple demand 

model categories but they all must find 

answers to hypothetical situations or 

eventual changes to the current state of the 

system. Here are presented a few modeling 

methods suggested by Van Wee et al. [4]: 

• Descriptive model vs exploratory 

model: The former does not take into 

consideration cause-effect relationship 

when results are treated, whilst the latter 

does so; 

• Revealed preferences model vs 

declared preferences model: Both 

models are based on the choice 

behavior. The first only considers 

modifications in existent systems whilst 

the second includes hypothetical 

situations as well; 

• Aggregated model vs disaggregated 

model: The former allows investigation 

of the system as a single unit and the 

other focuses on individual behavior. 
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3.3. Simulation models 

Simulation is a methodology based on 

mathematical methods, which purpose is to 

reproduce a system throughout some time 

variation, including its attributes and 

parameters in a model. It is assumed that the 

system behavior can change over time. 

When simulating a freight transportation 

system, the results can be applied on an 

operational level or to support real life 

decision making. 

Banks et al. [5] identifies the reasons that 

justify the utilization of this methodology:  

• Internal interactions between agents of a 

complex system can be studied; 

• Simulation is a safe, reliable and 

inexpensive way to test hypothesis which 

are not feasible to be tested in real life 

environment; 

• It is necessary to evaluate the system’s 

efficiency so that it can justify the 

acquisition costs of its real-life 

implementation. 

 

3.3. Simulation model advantages 

When compared to the study of a real-life 

system, a model simulation can be an option 

that assures adaptation to the system’s 

modifications. 

With this method, it is possible to run the 

model multiple times to find the parameters 

that provide the best solution. 

Simulation methodology allows the study of 

systems with different complexity levels, 

from the simplest to the most sophisticated 

model, because of its precision. 

Time also plays a fundamental role in 

simulation runs, since it is possible to 

manipulate it. Therefore, a model can be 

reproduced in a matter of minutes or hours, 

depending on the desired level of detail. 

Visualization of the model can be 

accomplished thanks to simulation 

software’s graphical skills and improves 

significantly the understanding of the system 

in analysis. 

Lastly, a simulation process is not as 

expensive as the effective implementation of 

the system in the real world and consequent 

testing. 

Banks [6] claims it is wiser to invest in a 

simulation model, because its cost is only 

1% of the total price that results from both 

the construction of the system in the real 

world and experiment conduct. 

 

3.4. Simulation model disadvantages 

To run a simulation model, it is necessary to 

gather enough resources, such as a team 

who is responsible for the model 

development and data to properly model the 

system. 

The construction of a model involves great 

amounts of time and simulation results can 

be found with significant delay regarding the 

start of the model development. 

When a system is simulated, the necessary 

amount of data to include in the model for a 

proper performance must be available, 

according to Robinson [7]. On the other 

hand, Pidd [8] argues that there is no need 

to have all the information at once and the 

model must be fed as the simulation 

development progresses. 

Result interpretation is a complex task in a 

way it is difficult to select the information that 

matters when applying the solution in a real 

environment. 
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Even though graphical capacity of simulation 

software can be helpful, there are times 

when a solution is chosen based solely on 

having the best visual representation and not 

on presenting the best results. 

 

3.6. Simulation paradigms 

Simulation paradigms establish patterns to 

be applied in a model. According to Behdani 

[9], a paradigm includes sets of assumptions 

and opinions that are necessary to capture a 

specific vision of what it is experienced in the 

real world by the system. 

Limits and restrictions imposed by the 

modeling system are the indicators to 

choose the most adequate paradigm to use 

in the simulation process. 

 

• Agent-based modeling: This paradigm 

analyses both human and social behaviors 

with great amount of detail [10], with 

observations of codependent relationships 

between agents and their environment. 

Agent-based modeling consists in iterating 

individual behaviors throughout the 

simulation progress. In order for this 

paradigm to be applied, agents must be 

autonomous, proactive, engage on social 

experiences and have capacity to adjust to 

whichever situation comes across during 

simulation stage. 

• Discrete event modeling: This method 

consists in the study of the consequences 

that result from the continuous application 

of processes in the system. These 

processes are engaged by events that are 

not continuous.  Discrete event modeling 

includes passive entities which, in other 

words, means their behavior is modeled 

entirely by the programmer. 

 

4. Simulation – Modal choice analysis in 

supply chains 

4.1. Model architecture 

A simulation model was conceived to 

investigate the factors that influence modal 

choice in freight transportation for the 

presented case study. Both agent-based 

and discrete event modeling were used in 

the model development. 

The present model simulates a supply chain 

based on the behavior heterogeneity. Its 

architecture shows two layers, where the 

first handles the decision making process 

and the last deals with freight physical 

transport, as shown in figure 1.  

The top layer includes a series of actions 

that find the most adequate transport 

solution for the order, regarding alternative 

solutions presented by the transport 

operators. This is the logical simulator and it 

presents a complex nature, since the 

decision makers show diverse conducts and 

can act independently and proactively. 

The bottom layer presents the physical 

simulator and its development grants 

instructions for the vehicles so that the 

transport is made with success. 
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Figure 1. Architecture of the model. 

 

 

 

 

 

 

 

 

 

 

 

Both simulators are organized in a hierarchy, 

and the physical process cannot start before  

the existence of a decision resulting from the 

logical process. 

 

• Logical simulator: This process includes 

every interaction between agents that 

contribute to the creation of transport 

solutions. The model has 3 agents that 

participate in this layer and they are the 

transport chain coordinator (TCC), the 

transport operators and the orders. 

Information exchanges between agents 

are organized in phases.  

The first phase starts with an upcoming 

order request that is delivered to TCC. 

Next, TCC forwards these requests to the  

road operators, so that they can return 

proposals that contains complete or partial 

services. 

The reception of road proposals by the 

transport chain coordinator starts the 

second phase. Here, TCC handles the 

exclusively road transport proposals to 

create complete road solutions. If some of 

the proposals include partial connections 

to rail terminals, TCC delivers rail operator 

a request, so that the first agent can plan a  

 

 

 

 

 

 

 

 

 

 

 

 

combined solution. Rail operator develops 

rail proposals that match the TCC’s 

request e returns them. 

The third phase begins when TCC 

compiles all the available combined 

transport solutions. The agent studies 

every transport alternative and choses the 

best fit to serve the order. 

In the fourth and final phase, TCC reserves 

the chosen type of transportation. 

Transporters check if they can indeed 

confirm the vehicle’s reservations and 

notify TCC whether the requested service 

was reserved or not. If the wanted 

transport can be confirmed, TCC 

communicates the instructions to the order 

so that the physical part of the model can 

initiate its functioning. When the solution 

cannot be reserved, the decision maker 

studies once again any remaining transport 

solutions for the said order   and finds 

another solution that is also adequate. 

 

• Physical simulator: The transportation 

process demands the utilization of trucks 

and trains. Both origin and destination 

locations in the model can be served with 

road or combined    transport. The supply 
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chain network where the model is 

developed is presented in figure 2.  

 

Multiple connections can be made and for 

each origin-destination pair,  there is at least 

one exclusive road service and one 

combined transport service. 

 

4.2. Implementation of the study scenarios 

The model is tested with 4 different 

scenarios to study the agent’s reactions to 

specific changes in the Modalohr’s railway 

system.  

 

• Base scenario:   Frequency of 3 daily 

trains in each direction between 

Bettembourg and Perpignan, with travel 

time of 15 hours. Each train has an 820 m 

length and can carry 46 semi-trailers at a 

time. Total transport cost per vehicle is 14 

€/km and each semi-trailer has a cost of 

0.30 €/km. 

• Scenario 1:  Train frequency increases to 

6 vehicles per direction, between the same 

terminals as in the base scenario. The 

travel time remains the same.  The railway 

infrastructure has better conditions, so the 

train length is increased to 1500 m and it 

can load up to 82 containers, which means 

a full vehicle costs 26.30 €/km and one 

semi-trailer is set to cost 0.32 €/km. 

• Scenario 2: Railway system is extended 

from Perpignan to Barcelona. The vehicles 

circulate in the existent highspeed railway 

between these two locations. Out of the 6 

trains for each direction mentioned in the 

scenario 1, 3 of them now perform until 

Barcelona. The train length is 1500 m, and 

the current price is equal to the initial cost 

provided by scenario base plus 20%. 

• Scenario 3: Railway system is again 

extended from Barcelona to Madrid.  The 

daily train frequency per direction 

increases to 9 vehicles, in which 3 of them 

serve Madrid. The train length is still   1500 

m and there’s an addition of 20% to the 

price from scenario 2 and extra terminal 

time due to operation duties of 3h. 

 

4.3. Simulation observations  

The study of the base scenario was a way to 

validate the construction of the model and 

the goal was to obtain similar results to those 

verified in the real system. A simple 

Modalohr cost variation was defined to this 

scenario to understand how influent can 

some transport factors be in changing the 

decision makers’ capacity to decide. 

About 40% of the total orders were shipped 

via rail transport Modalohr and the most 

served locations include French regions and 

Spanish regions close to the French border. 

The total rail transport cost is 300 € and the 

costs for the road part of the combined 

solution is what influences the choice of this 

type of transportation. The fact that the 

partial road transport needs to travel long 

Figure 2. Model’s transport network. 
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distances to reach rail terminals decreases 

the utility of the combined transport, which 

implies the consideration of delays that 

affect the trust in this alternative. The total 

cost for the combined transport varies from 

850€ up to 2700€, whereas the road solution 

provides costs from 1300€ to 3200€. 

When the rail cost goes up to 25% of the 

original price, the choice is not very different 

from the first experiment and the market 

share suffers little to no alterations. The 

same thing happens when the price drops 

25% from the original price and the market 

share is not changed. This quick analysis 

leads to the conclusion that Modalohr 

transport price does not restricts modal 

choice behavior. Therefore, rail 

transportation reliability is not affected by its 

cost, and this can eventually happen if the 

difference between the new and the old price 

is very high. 

 

4.4. Critical reflection 

The model focus on the presented freight 

market behavior when changes are 

introduced in some transportation mean. 

Its construction is based on the workings of 

a basic supply chain and those methods 

assure a solid foundation for the model to be 

applied in similar study cases. As the model 

was developed concerning a small scale, 

some weaknesses can be acknowledged in 

its conception. However, this model can be 

translated in to larger scales in order to 

achieve similar values to the ones generated 

from a working real system. It is suggested 

that the following measures can enhance the 

model’s performance: 

• As the model transitions from small to big 

scale and therefore more agents and 

locations must be included. Another idea 

of expansion is to integrate freight flow 

analysis throughout the whole European 

space; 

• Agents that represent orders can be 

replaced with producers and clients, 

which allows them to participate in the 

decision making process. In this 

alternative, TCC agent is no longer the 

main decision maker in the model and its 

role is shortened to gather available 

transport alternatives and transmitting 

them to the new decision makers; 

• In the model, the logical process is done 

without being applied any type of duration 

to perform tasks. Therefore, the 

introduction of specific deadlines to 

engage on certain phases can make an 

impact in the total functioning of the 

model, because the agents will have to 

deal with waiting times to find the ideal 

transport solution. 

• Logit model used for the decision making 

process must be calibrated with surveys 

that collect the opinions of the freight 

market experts. More on the Logit model, 

an environmental attribute can be 

included in the utility function to discover 

if CO2 emissions can affect the modal 

choice; 

• The current delay system only has 

penalizing effects in the transport 

reliability, and the suggestion is that 

operators who are responsible for the late 

vehicles have to pay a penalizing fee. If 

any operator has history in delivering late 

vehicles, then the decision maker will not 

take his transport proposals into account. 
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5. Conclusions 

5.1. Final conclusions 

Freight market has been experiencing 

growth and the transportation systems must 

keep up with this trend. Despite of truck 

transport’s great advantages, combined 

transport’s primary goal is to deliver such 

level of quality at lower price points. This 

essay presents a possible transport 

alternative, which combines Modalohr 

railway system with road mode. Here, 

simulation is applied to capture the best 

results regarding potential market share. 

Besides the base scenario, 3 additional sets 

are developed and offer more train services 

and railway line extension to Madrid and 

Barcelona. 

In terms of obtained conclusions, they are 

similar to what is observed in real world 

examples and it is verified that the model 

grants mechanisms that can reproduce this 

system according to the existing one. When 

the base scenario is studied, no parameter 

variation can change Modalohr’s market 

share, even though the comparison between 

the experiments is expected to increase it.  
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