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Abstract

The air freight supply chain is a crucial aspect of global trade. The freight forwarders
act as the linking agents between the airside and the customers. The freight distribution
strategies can be single-echelon distribution or multi-echelon distribution.
Intermediate facilities like satellites are involved in the multi-echelon distribution and
usually have several services which are utilized to reduce the transportation cost or
travel distance and improve the level of service. Vehicle Routing Problem (VRP) is
one of the most important combinatorial optimization problems and concerned with
creating an optimal route to be used by a fleet of vehicles that served a set of
customers. The literature study provides the basis for the study reviewing the
development of the vehicle routing problem (VRP), its applicability in three-echelon
distribution networks, solution methods, the importance of air freight distribution, and
its application using VRP. Therefore, we developed a mathematical model for three
echelon air freight distribution networks to minimize the total transportation cost. We
discuss mixed integer linear programming formulations for this three-echelon
capacitated vehicle routing problem with time windows (3E-CVRPTW) in the arc-
based formulation. The connectivity between the three echelons has been made using
demand as the connecting variable. Based on a case study at a freight forwarding
company in Sri Lanka we developed hypothetical data set for the study with the
support of expert knowledge. The 3E-CVRPTW problem was solved using a
clustering-based heuristic approach and python programming language used to gain
solutions. For ease of use, it was formed three zones using clustering analysis. It
obtained the total transportation cost for the network and costs for each zone.
Furthermore, it has calculated the delivery starting times for the 100 customers.
Finally, the study has done a scenario analysis of varying vehicle fleet sizes, the
number of customers served, and time windows of delivery. This research has opened
a new path to develop the solution approaches for vehicle routing problems in a multi-

echelon network associated with air freight distribution.

Keywords: Air freight, vehicle routing problem, logistics systems, freight transport,

transport management
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