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INTRODUCTION

Due to the globalization and the growth of exchanges between firms, transportation activities are increasing in the globe. The main consequences of this growth are the increasing of energy consumption, the emissions of greenhouse gases and the increasing of impacts on the society. Policies among governments and logistic decision-makers aim at taking into account the environmental issues in transportation activities. For example, in 2006, the European Commission reformulated its policy on freight transport logistics for sustainable development by including actions for urban logistic management, by defining new regulations for vehicle dimensions and loading units, and by defining policies for green freight transport corridors management (European commission white paper, 2006).

The questions that arise are: how to transport goods to the end customer with fewer impacts on the society and the environment, while ensuring a reasonable travel time and cost in order to satisfy the stakeholders? How to find a trade-off between the economic and ecologic goals? The present contribution aims at finding some answers to these questions by building a decision support system for transportation mode and path choice in an intermodal network.

So, the goal of our study is to propose an analytic model for environmental and societal impacts computing within an intermodal transportation system. This model injects the route selection depending on the loading factor, the volume of goods transported, the weight of goods and the distance through a filling penalty. From this model, we built a multiobjective shortest path problem which is going to be solving by a multiobjective ant colony algorithm. We have built an algorithm called MOSPACO (Ant Colony Optimization for Multiobjective Shortest Path) by modifying the traditional ant colony algorithm. In our study we consider the optimization of seven objectives. The overall goal of this algorithm is to build a decision support system for decision makers and policy makers in transport and logistics. This decision support systems offer a set of optimal path with the best compromise environment/economy. The remainder of the paper is organized as follow: the section 2 presents the relevant literature review about supply chain management and sustainable transportation systems, the section 3 is a brief literature review about multiobjective shortest path problem, the mathematical model is presented in section 4, the section 5 presents the ant colony algorithm that we build and the section 6 is about the implementation of this algorithm.

THE ENVIRONMENTAL IMPACTS OF LOGISTICS AND TRANSPORTATION ACTIVITIES

The current state and trend of environmental degradation (from regulatory, consumer, and moral standpoints) indicate a need for a change in manufacturing philosophy. That is, there must be a fundamental shift in the way production systems operate. There must be a move towards sustainability, achieved through waste reductions in resource use and waste generation, and a move away from one-time use and product disposal [START_REF] Beamon | Designing the Green Supply Chain[END_REF]. Green supply chain recognizes the impacts of logistic activities on the environment and the society, and tries to find ways to reduce them. The definition and scope of green supply chain management in the literature has ranged from green purchasing to integrated green supply chains flowing from supplier to manufacturer to customer, and even reverse logistic [START_REF] Srivastava | Green supply-chain management: A state-of-the-art literature review[END_REF].

The impacts of transport on health and the environment are well known today; they includes global warming, the deterioration of the ozone layer, the dispersion of organic and inorganic substances including toxic ground-level ozone, the scarcity of oil and other natural resources, and the degradation of landscapes and soils. Furthermore, the transport sector is the most widespread source of noise in all countries and the most prevalent cause of annoyance and interference. Therefore, traffic noise reduction measures have the highest priority. The noise generated by transportation systems affects people in residential areas; these nuisances are all the more important since the traffic is important. Conditions other than distance (e.g. topography, trees, and buildings) can influence noise levels [START_REF] Forkenbrock | External costs of intercity truck freight transportation[END_REF]. Furthermore, freight vehicle accidents are life threatening in many areas. So there are innumerable studies on freight vehicle risk analysis [START_REF] Chapman | Project Risk Management Processes, Techniques and Insights[END_REF].

Intermodal transportation systems offer a wide choice of transportation mode and several alternative paths, hence the need for better coordination of flows and movements in such a system.

Bringing environmental issues into a transportation system changes the configuration of a supply chain and brings a need of changes in logistics infrastructures. Therefore, we must find methods for improving the environmental performances without sacrificing the transportation cost and time. In recent year, a number of studies have been published for impacts abatement in transportation systems. Most of these studies are partly dedicated to the analysis of impacts from transportation systems and to literature review on methods to reduce impacts, and partly on the estimated costs of environmental impacts of transport as presented in [START_REF] Forkenbrock | External costs of intercity truck freight transportation[END_REF]. Some models for computing the environmental and social impacts of transportation systems can be viewed in [START_REF] Janic | Modelling the full costs of an intermodal and road freight transport network[END_REF]. Moreover, the introduction of new technologies and transport concepts such as alternative fuel, electric vehicles, eco-driving, early morning-distribution system, vehicle utilization and avoidance of empty trips, environmental Management Systems (ISO 14000, ISO 14001) may offer reduced emissions per vehicle, or encourage switching to more environment-friendly modes. Another way of reducing environmental impacts is to persuade travellers to minimize the number of vehicle trips by switching to non-motorized modes. In addition to all these methods we must add that an alternative to reduce environmental and social impacts is to choose a judicious path and transportation mode for shipments. Thus, our contribution for the impact of intermodal transportation impacts reducing is through the proposal and the design of a system for decision support in choosing an itinerary that minimize the impacts.

MULTIOBJECTIVE OPTIMIZATION AND THE SHORTEST PATH PROBLEM

Multiobjective optimization

Multi-criteria decision making techniques are gaining popularity in sustainable supply chain management, indeed, with environmental and societal concerns, there is a need to deal with multiple and sometimes conflicting objectives.

There are three principle methods of dealing with multiple objectives. The first is to combine all the objectives into a single scalar value, typically as a weighted sum, and optimize the scalar value: it depends on making a priori assessments to weight up the relative importance of the various objectives.

The second method is to solve the objectives hierarchically, optimizing for a first objective then, if there is more than one solution, optimize these solutions for a second objective, and repeat for a third etc. if appropriate. The last method is to obtain set non-dominated solutions. This method involves no arbitrary judgments, and produces a set of alternatives called a "Pareto set" from which a decision maker can make an informed selection at a later stage. This approach has the advantage that excellent solutions can be found that may be missed by the other methods.

Multiobjective shortest path problem

The shortest path problem is based on finding a path in a graph based on a single objective [START_REF] Dijkstra | A note on two problems in connection with graphs[END_REF]; travel cost or travel time most of the time. However, in most real world problems, the complexity of the social and economic environment requires to take into account several criteria. It follows the development of methods most likely to take into account simultaneously several criteria, hence the concept of multiobjective shortest path problem.

If is the network considered, let be the number of criteria, with . At each arc is associated a vector function of dimension , which assigns to each arc a "cost" representing all the costs on the arc for the t criteria. Where,

The multiobjective shortest path problem is defined as:

The multiobjective shortest path problem is well-known in the literature and most the papers about it concerned bi-criteria or bi-objective optimization. Indeed, some dynamic programming approaches have been applied for this kind of problem. The resolution methods in the literature are essentially label setting methods [START_REF] Martins | On a multicriteria shortest path algorithm[END_REF], [START_REF] Caramia | A Heuristic approach to long-haul freight transportation with multiple objective functions[END_REF], label correcting methods [START_REF] Skriver | A label correcting approach for solving bicriterion shortest-path problems[END_REF], k-shortest paths algorithms [START_REF] Androutsopoulos | Solving the k-shortest path problem with time windows in a time varying network[END_REF]. New methods modifying or using Martin's algorithm for more complex problem resolution can be viewed in [START_REF] Gandibleux | Martins' algorithm revisited for multi-objective shortest path problems with a MaxMin cost function[END_REF]. Recently some metaheuristics have been used to solve this kind of problem, for example genetic algorithm [START_REF] Pangilinan | Evolutionary Algorithms for the Multiobjective Shortest Path Problem[END_REF] and ant colony algorithm [START_REF] Ghoseiri | An ant colony optimization algorithm for the biobjective shortest path problem[END_REF].

RESEARCH APPROACH AND METHODOLOGY

Problem definition and formulation

In our model, we will consider an intermodal graph as: where is set of nodes in the graph, represents the set of edge connecting nodes of , {truck, boat, aircraft, train,canal boat} the set of transportation mode available on the network. Let be the number of criteria, with

. At each arc we associate a vector function of dimension , which assigns to each arc a "cost"

. Where,

In this network, for each node , let be the set of transportation modes available on the node .

is the set of the direct predecessors of the current node , and the set of the direct successors of the current node .

In the intermodal network, each node is a probable place of transhipment; in fact, each node is a place where one has the choice of continuing with the same mode or replaces it by another.

Figure 1: The intermodal graph G

In the intermodal graph , we consider the transportation of tonne of good from an origin node to a destination node (Figure 1). The goal here is to

edge i label k j i s t Arc (j,k) label
determine the "most efficient" path from to in order to minimize the transportation cost, the travel time, and the environmental impacts.

Modelling the decision criteria

The goal of this model is to assess the performance of an intermodal transportation system by calculating the values associated to the criteria defined for each path and by taking into account some constraints such as the number of transhipments. These criteria are modelled based on data coming from international studies such as those conducted by INFRAS-Zürich [START_REF] Schreyer | External Cost of Transport[END_REF], IFEU (Knorr and Reuter, 2005), and UNITE [START_REF] Link | The accounts approach. UNITE: Unification of accounts and marginal costs, for transport efficiency[END_REF]. The theoretical model allows in computing the internal and the external impacts of the system.

The travel time

The travel time takes into account the transhipment time including the unloading/loading time, the average travel time between two nodes in the network and the delays due to congestion. Let be the total travel time on an edge . This travel time is defined as having two components: a fixed and known component called the "free" time travel and a variable component which represents delays due to congestion and other delays. The travel time is given by:

The transportation cost

It includes the shipment cost (fixed and variable costs)

, the filling penalty , the transhipment cost, the in-transit inventory cost , the discount granted by the carrier based on the number of means of transport , and the time penalties generated by the later or the earlier arrival of the transportation mode at each node. For the cost modelling, it is important to include the effect of economies of scale (EOS) due to the fact that the cost associated to the each transportation mode depends on the total weight transported; in our model this EOS is taken as a filling penalty added to the transportation cost.

 The shipping cost

With:

(i)
Where:

is the number of filled means of transport needed on , the fixed costs due to the use of means of transport express in €, the hourly fees due to the use of means of transport in (€/ ), the mileage costs due to the use of means of transport in (€/km), the travel time on the arc (i, j), the transportation mode loading factor: , the volume of goods transported (m 3 ), the mass capacity of the transportation mode and the volume capacity of the transportation mode .

 The filling penalty

Here represents the non-filled transportation mode.

 The transhipment cost is a binary variable that indicate if there is a transhipment or not, and is the average transhipment cost for one tonne of goods.

 The in-transit inventory cost

is the number of products units to be transported, the in-transit inventory cost per hour and the in-transit storage time .

 The time discount and are the unitary penalty (minutes), is the delay and the advance time.

(ii) (iii) (iv)
The total transportation cost is then given by:

The damages due to transhipment

Let

be the number of transhipment on a path of , the amount of damage occurring during a transhipment at node of the path , composed by nodes.

is the total damage caused by transhipments at each node of this path. The values of expectation of is and its standard deviation is and the average amount of damage, with . The probability of damage to a node is given by:

For the societal and the environmental impacts modelling, our model takes into account impacts during the use of the means of transport; the impacts during cargo loading and offloading, equipment maintenance, fuelling, deicing, and cleaning are ignored. The data concern a truck weighting more than 34-40 tones, a diesel train and a boat heading in the direction of flow.

The pollution

To estimate the impacts of exhaust emissions caused by intermodal freight, it is necessary to consider the direct and indirect emissions of the different transportation modes. This estimation model is used to quantify the emissions of CO 2 , NO x and VOCs, the main gas emitted by vehicles. This function depends on the quantity of goods transported , the transportation mode used and the travelled distance . This pollution also depends on the loading factor and the capacity of the transportation mode considered. The amount of gas type emitted by a transport mode on arc is given by: is the quantity of pollutant emitted by a mean of transport for each tonne of good and each kilometre, expressed in kg/tones.km.

is the aircraft travelled distance during the LTO (Landing and Take-Off) phase; this variable is equal to zero for the other transportation mode ( ).

The energy consumption

The total energy consumption of transport is the energy necessary for the transportation mode haulage. The main fuels take into account are petroleum products, electricity and natural gas. The amount of energy consumed by a transportation mode is calculated here based on the traveled distance , the quantity of goods transported and the energy consumption factor defined in (Knorr et al., 2005).

is the average energy consumption factor for each transportation mode defined by a study conducted by IFEU Heidelberg in 2005. This factor is defined for each transportation mode and is expressed in kJ/t.km.

The accident risk

We define the accident risk as the probability for a conveyance that carried a quantity of goods over a distance to be involved in an accident on an arc . This probability follows a Poisson process characterized by a rate parameter , the average number of accident on (i,j). Its distribution function is defined by the function such that:

The noise

Noise level depends on the distance between the traffic lane (road, railways...) and the first homes or first impact sites. The most common source of environmental noise is road traffic. Road traffic noise accounts for more than 90% of unacceptable noise levels in Europe. In our study we propose a modelling simpler taking into account the parameters mentioned above. Noise level is then done by: Where,

is the average noise level emitted by the conveyance depending on the distance from the impact site, is the average number of people impacted by noise on the arc is the average distance between the place of issue of noise and the first people impacted and is the traffic density.

Model summary

Finding a path in the intermodal graph is to find the combination of node and transportation mode to use. A path between and is a sequence of nodes and modes:

; where is the number of nodes used on the path. The multiobjective shortest path problem can be summarized by: According to the combination between the edge parameters, each path is evaluated by a "performance vector" or "objective vector" which corresponds to the sum of costs associated to each criterion for a path . Hence, Solving the problem defined here is therefore to find all paths with minimum value of the objective vector .

 Transhipment constraint

This constraint is about the number of transhipment constraint; the number of transhipments must be less to a value .

 Practicality constraint

The practicality is the ability of a transportation mode to convey tonnes or m 3 of goods through a distance ; so . The practicality is a cost penalty affected to the transportation cost; the total transportation cost will be . We consider that the train and the boat are practical matter the travelled distance and the amount of goods transported:

, and .

The practicality for the aircraft according to the distance is ; this means that for short distances, it is not practical to use an aircraft, but, more the distance increases it becomes more interesting to use the aircraft as presented on Figure 2. For the truck, when the distance increase, it become less practical to use a truck ( Figure 3) . The weight penalty for the aircraft is . The curve obtained for this case is a parabole (Figure 4); this means that for and for (the average capacity of a freight aircraft is 120 tonnes) it is not practicle to use an aircraft.

For the truck, the weight penalty is . This means that for a weight of goods other than the truck capacity, it is not practical to use the truck (Figure 5). 

An introduction to ant colony algorithms

The ant colony optimization (ACO) paradigm that was first introduced by Marco Dorigo [START_REF] Dorigo | The Ant System: An Autocatalytic Optimizing Process[END_REF]. The ant colony algorithm algorithms are inspired by ant behavior. Artificial ants in ACO implement a random heuristic construction which builds probabilistic decisions based on the artificial pheromone and the input data of the problem to solve the problem; for details on this method, see [START_REF] Dorigo | Ant colony optimization theory: A survey[END_REF]. The excellent speed of ACO in solving combinatorial optimization problems has been proven; in [START_REF] García-Martínez | A taxonomy and an empirical analysis of multiple objective ant colony optimization algorithms for the bi-criteria TSP[END_REF] it is demonstrated that multiobjective ant colony algorithms are more efficient than existing genetic algorithms for multiobjective problems, so there are now employed as optimization tools instead of exact methods for solving multi-objective problems

The algorithm parameters

Generally any ant colony algorithm must contain the following elements: heuristic information (visibility), pheromone updating rule, construction of solutions, selection probability, and termination condition. The present section describes these elements for MOSPACO which is a multiobjective ant colony variant inspired from ACS (Ant Colony System) that we build to optimize our criteria. This algorithm aims at taking into account the intermodality and the use of seven criteria.

 The heuristic information

The heuristic information indicates the desirability of moving from node to node with the mode , and is calculated using a heuristic approach. Seven heuristic parameters are used to solve the problem, one for each objective . These heuristic parameters are defined as the inverse of the criteria for each transportation mode used as: is a small positive number added for avoiding division by 0.

 The pheromone trail

The proposed algorithm uses seven pheromone matrixes, one for each criterion. When the process starts, the pheromone trails are set equal for each arc, with the initial value where is the number of nodes in the network and the maximum number of tours for the ants. The pheromone trails are updated both locally and globally. The amount of pheromone leaves by an ant that went through is ; this quantity is calculated as the inverse of the criteria associated to the path determine by the ant . This value is defined according to the transportation mode used on ; we then have a four dimensional pheromone matrix: [origin node, destination node, transportation mode used, criterion].

Where is a constant related to the amount of pheromone left by the ant .

Solution procedure

 Path construction At be beginning of each iteration, all ants are placed on the source node and their memory takes as initial value the node . When an ant is on a node , it chooses the next node and the transportation mode according to a probabilistic transition rule. The transition rule used here is a pseudo-random proportional rule. Because of our model requirements, we have defined three specific rules for solutions construction suited to our needs; for these rules definition some parameters have to be defined.

Let

be the set of outgoing nodes from node . and are parameters with values between (0,1) that represents the relative importance between (resp.) pheromone trail and heuristic information. Let and be the relative importance of criteria against each other defined using an AHP (Analytic Hierarchy Process) hierarchy [START_REF] Sawadogo | Intermodal transportation within the green supply chain: an approach based on ELECTRE method[END_REF]. The solution construction phase is based on two scenarios:

The industrial scenario: for this scenario, the criteria "transportation cost", "travel time", "damage due to transhipment" are the most important, then their weights are high than the other criteria; the heuristic information and the pheromone trail associated to them are most important.

The ecological scenario: the criteria "pollution", "energy consumption", "accident risk", "noise pollution" are the most important, then their weights are high than the other criteria, so the heuristic information and the pheromone trail associated to them are important.

We define parameters corresponding to the probability of making a good choice, and a random number generated. If is an ant located in the node , the next node to be visited is chosen according to the following rules:

Rule 1: If and

Choose the next node j as:

In this case, the outgoing node with the maximum value of the product heuristic information / transition rule is selected.

Rule 2: else if

Choose the best next move within the candidate ones according to the probability . The transition rule here is the probability of going from the node to the node with the transportation mode . The node with the highest probability is chosen and added to ; this denotes that the chosen arc is to go from to with .

Rule 3: else if

This new rule is due to the fact that the value associated to criteria such as accident risk or noise emitted can be equal to zero for some edges. In this case, all the nodes have the same desirability, the next node is then randomly chosen between those belonging to .

The algorithm is repeated until the termination condition is met; the termination condition here is the predefined maximum number of tours . For all these rules, if the maximum number of transhipment is reached, the move using a transportation mode similar to the last transportation mode find by the ant must be selected.

Solution evaluation

The objective vectors of the paths found by the non-lost ants are computed. The obtained solutions are evaluated using a "Pareto strategy". The Pareto strategy is by non-dominated sorting of the results. A combination of the seven criteria gives thirteen "preference criteria" according to the desired scenario. The preference criteria are presented in Table 1. 

 cost-time  cost-damage  time-damage  cost-time-damage  All the criteria
Solutions are evaluated based on the two scenarios defined above. The current solutions obtained are compared to those stored in the Pareto archive ; the dominated ones are removed and the non dominated ones are added to the set of non-dominated solutions . The Pareto optimal set should be updated, in order to obtain the frontier between dominated solutions and non-dominated solutions. This frontier contains the best tradeoffs for the compared objectives.

The local and global update

The local update is applied during the paths construction step. It is applied to the arc which is selected; thus, the local update rule reinforces the pheromone trails of the selected arc.

The global update is operated at the end of each iteration. The pheromone matrix is updated by the iteration best ant, chosen among those belonging to the Pareto front for in a Pareto strategy. The global update rule reinforces pheromone trails of the iteration best path. This update is performed by the following equation:

is the global update evaporation rate.

IMPLEMENTATION AND RESULTS

The case study

We use a European transport network with 100 cities build using real geographical data. In our database, we have built for all cities the transportation mode available and the existing path between them. The network consists in 4649 links, 88 airports, 27 ports and 271682 possible transhipments. Our computational model was implemented using C# programming language. The Pareto front is build and some efficient and viable solutions are presented. We consider the transportation of 50 tonnes of goods from Amsterdam to Barcelona. Figure 6 represents the existing railways links between all cities in the network represented by green lines.

Figure 6: Rail network

The parameters associated to the transportation problem and the criteria are fixed and stored in a database. This database is loaded at the beginning of the algorithm. For the MOSPACO parameters, ants, and, q 0 =0.4.

The critical MOSPACO parameters have to be chosen in order to find the best trade-off between the intensification (the reinforcement of the best solutions by increasing the search around promising areas) and the diversification (exploration of the search space in order to avoid the local optima) of the algorithm. For all the preferences, some tests are done and the best trade-off is find for .

For the parameter , the obtained values depend on the preference, so for each decision maker preference we will define a value for . The maximum number of transhipment allowed here is .

Results analysis

This section describes how the proposed algorithm can help a decision maker in choosing an itinerary according to his preferences. We will take some preference as example; the first is for a decision maker who wants to optimize his environmental and societal impacts (pollution/energy and energy/noise) and the second for industrial goals (cost/time and cost/damages)

 Pollution and energy For the simultaneous optimization of pollution and energy consumption, the obtained Pareto front is presented in Figure 7. In this figure, the nondominated solution is the red mark and the blue marks are the dominated solutions. This front is represented by one point; this is due to the fact that the solution space has a funnel shape. The non-dominated solution represents the itinerary in Table 2 using a combination train (green lines)-boat (blue line) (Figure 8). 

 Energy and noise

For a preference energy/noise, the Pareto front obtained is presented in Figure 9. The non-dominated solution form a Pareto front in which most of the solutions have a noise level equal or close to zero. These solutions correspond to non-motorized modes such as boat (itinerary 2-Table 3) that have a low noise level. For the first itinerary in Table 3, the noise level is high due to the use of the train, but in terms of energy consumption this solution is good, so the combination train/boat can be a trade-off for these two criteria.  Cost and damage For this case, the solutions belonging to the Pareto front correspond to itineraries without any transhipment (zero damage). One of these solutions is the use of the boat directly from Amsterdam to Barcelona; another solution is to use the boat via La Rochelle (Table 5): The Pareto front is build and the solutions are consistent with the objectives. Indeed, the optimization of ecological criteria gives paths with eco-efficient transportation modes such as rail and boat, while optimizing the economic criteria preferred means of transport rather fast (aircraft) or economic (train or truck). The transportation mode practicality occurs in the final solutions, mainly in the transportation cost. So, having 50 tonnes of goods between Amsterdam and Barcelona (1237 km), a weight penalty of 1.2 will be assigned to the truck, and 1 for the plane. For the distance penalty, a penalty of 1.2 will be assigned to a truck and 1 to the aircraft. Solutions using the aircraft, train and boat will therefore preferred to those using the truck.

CONCLUSION

This paper presents a new approach for intermodal itinerary choice within the green supply chain by using multiobjective ant colony algorithm. We have built a decision support system based on the decision maker preference; indeed, they can both choose the scenario and the criteria that he wants to optimize.

The goal of the optimization is to promote more environmentally friendly transportation mode and to propose an alternative for building logistic system fulfilling sustainable development requirements. The multiobjective shortest path model presented here helps in choosing a "shortest path" in an intermodal network; "shortest" here means a path with less environmental, societal and economic impacts. Some of the solutions obtained can bring a gain up to 2 tonnes of CO 2 comparing the solutions obtained for the industrial scenario by using an aircraft with the combination (train-boat) or the use of train. Indeed, by using the train instead of an aircraft the greenhouse gas emitted can be reduced by 2 tonnes and the energy consumption by 24.04 GJ. This contribution highlights the fact that a wise choice of transport mode and path contributes to build a sustainable intermodal transportation system. This algorithm could be integrated in a decision support system for shipping planning solution. Furthermore, the algorithm can be use to assess the environmental and societal impacts of transportation systems. It can be noted that the number of transhipments allowed affects the solutions founded. This is a tool for multimodal trip scheduling and planning in order to implement of environmental best practices for logistic planners. This tool is dedicated to decision makers in the world of logistics to plan their shipments but also to governments to plan the movement of transport networks in their regions to decongest the main roads and cities.
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Figure

  Figure 9 : Non-dominated solutions for Energy/Noise Figure 10 : Non-dominated solutions for Energy/Noise



  Cost and timeFor a preference cost/time, the non-domination sort gives as solution the Pareto front presented in figure6. The solutions belonging to the Pareto front use the aircraft which have a low travel time, or solutions with low cost as truck or train.

Table 1 :

 1 Preference criteria

	Ecological scenario	Industrial scenario
	 pollution and energy	
	 pollution and accident	
	 pollution-noise	
	 energy-noise	
	 energy-accident	
	 pollution-energy-accident	
	 pollution-energy-accident noise	
	 All the criteria	

Table 2 : Some itineraries for energy/pollution Itineraries Performances Amsterdam→train →Eindhoven→train →Liège→train →Paris→train →Lyon→train →Aix-en-Provence→train →Marseille→boat →Barcelona.

 2 

	Noise (dBA)	127
	Energy consumption (GJ)	2.3
	Greenhouse gas (kg)	103
	Accident risk	0
	Cost (€)	283528
	Damage (g)	100
	Time (min).	1183,5

Table 3 : Some itineraries for Energy/Noise Itineraries Performances Amsterdam→train→Rotterdam→train →Eindhoven→truck→Louvain→train →Bruxelles→train→Paris→train →Le Havre→train→Rennes→train →La Rochelle→train→Bordeaux→train →Toulouse→train→Montpellier→train →Marseille→boat→Barcelona

 3 

	Noise (dBA)
	Energy consumption (GJ)
	Greenhouse gas (kg)
	Accident risk
	Cost (€)
	Damage (g)
	Time (min).

Table 4 : Some itineraries for Cost/time

 4 

	Itineraries	Performances	
	Amsterdam→train	Noise (dBA)	74
	→ Eindhoven→ aircraft	Energy consumption (GJ)	28.77
	→ Barcelona	Greenhouse gas (kg)	2300
		Accident risk	0
		Cost (€)	85230
		Damage (g)	0
		Time (min).	165

Table 5 : Some itineraries for Cost/Damage

 5 

	Itineraries	Performances	
	Amsterdam→ boat	Noise (dBA)	0
	→ Barcelona	Energy consumption (GJ)	7.9
		Greenhouse gas (kg)	362
		Accident risk	0
		Cost (€)	43283
		Damage (g)	0 kg
		Time (min).	5943.
	Amsterdam→ boat	Noise (dBA)	0 dBA
	→ La Rochelle→ boat	Energy consumption (GJ)	9
	→ Barcelona	Greenhouse gas (kg)	411
		Accident risk	0
		Cost (€)	70808
		Damage 0	0
		Time (min)	6730