A demand-oriented approach to design a logistics network for OPTIMIZING freight transport
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Abstract

This research aims at determining the optimal location and size (service capacities) of terminals providing logistics services within the sicilian area. To reach this purpose, the methodology presented in this article uses an objective function which mathematicizes some important public interestes and takes into account the reactions of freight transport operators. The investigated matter is modeled by a sequential framework that consists of two levels of problems:

· the strategic level (planner’s choice dimension), that is to minimize an objective function which includes facility costs (terminal construction, running), transportation costs, external effects, functions of the service capacities.

· The tactical level (transport operator’s choice dimension) that could be composed of two stages:

· Logistics service choice, which could be simulated by a Nested Logit Model calibrated through a Stated Preference survey; this analytical tool is able to riproduce the behaviour of the single operator, whose goal is the maximization of his utility, taking into account the statistical correlation among similar alternatives.

· Assignment of freight flows to a graph representing the real transportation network; this graph is supplemented with nodes, which refer to sites where the creation of a logistics platform providing some specific services for goods is feasible (from a technical-economical-environmental point of view), and with links that symbolize the costs of the considered services; the assignment procedure is carried out according to the User Equilibrium Approach.

An MSA algorithm could be implemented to reach an optimal solution through successive iterations.

Furthermore, modelling freight transport operators’ bahaviour will make it possible to weigh up the possibility of using Project Financing techniques to create and manage the proposed logistics network.
Problem Definition

The introduction of logistics terminals in a freight transport system implies several advantages:

· Lower transport costs, bacause of the opportunity of planning transportation in such a way as to optimize the load factor, the risk of damage and the route costs.

· The reduction in road transport external impacts (noise, air pollution, crashes, traffic congestion), since trucks moving on streets decrease for the following reasons: the rise in load factors; the use of intermodal systems; trucks could be attracted, also for parking, by logistics centres out of urban areas, within which products could move through light impact vehicles (i.e. electric vehicles) or using the underground network during the night.

· The possibility of expanding the range of serivices supplied by freight transport firms in those regions where the great presence of small-sized enterprises preclude all those logistics services that require a high propensity to invest; we can mention, for istance, the use of Satellite and Comunication Technologies to advise customers on the current location of their goods and on the arrival times.

· The opportunity for carriers of using a lot of services, such as those ones provided by bars, restaurants, hotels, repair shops, petrol stations, banks, etc.

· A greater number of investments in industry and related sectors, thanks to the following key elements:

· the advantages in efficiency and effectiveness that have been explained before.

· As for functions which are out of their core-business, manifacturers and commercial enterprises could demand the services that specialized operators of the logistics platform could supply under better economic conditions (outsourcing): an example is represented by the case of those distributors that create local stocks within logistics terminals.

The research presented here focuses on optimizing location and size (serivce capacity) of terminals providing logistics services within the sicilian area. To gain this purpose, it could be useful a preliminary investigation in order to highlight the logistics services that are demanded in Sicily. The next step consists in modelling the considered problem using an iterative approach described in the following section.

Model Framework

Under each iteration, per origin-destination pair and per commodity, on the basis of the logistics network characteristics (location and size pattern of terminals) determined under the preceding iteration, the model splits flows among the following choice options: “No Logistics Terminal”, “Logistics Terminal providing the set of services A”, “Logistics Terminal providing the set of services B”, … In order to reach such an aim, a Nested Logit Model could be applied and calibrated by a Stated Preference survey; this analytical tool is able to riproduce the behaviour of the single operator, whose goal is the maximization of his utility, taking into account the statistical correlation among similar alternatives.

As a result, the model provides O/D matrices referring to the introduced commodoties and to the different sets of services. These matrices are assigned to the sicilian transport network according to the User Equilibrium Approach. In the case of the “No Logistics Terminal” alternative, an assignment procedure is performed on a graph, whose arcs are associated with transport cost functions. In the case of choices on specific sets of logistics services, the mentioned graph is supplemented with fictitious nodes, representing candidate logistics platforms, and fictitious links associated with cost functions which express the quantitative relation between the costs of the different services and the service capacities, in such a way as to reproduce the economies of scale phenomenon.

Then, a stopping test and an MSA algorithm could be implemented, using data deriving from the previous assignment process, to decide whether the optimization procedure needs to be stopped.

The last step of the current iteration is to minimize, by the decision variable S (service capacity vector), the following objective function, which mathematicises some important public interestes: CNETWORK (∑ arc-costs) + CCONSTRUCTION + CRUNNING + CEXTERNAL IMPACTS.

Under the first iteration, O/D flows are assigned to the several sets of logistics services exogenously.

An overview of the described modelling tool is shown below, through a flow-chart.
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