AN OPTIMIZATION MODEL FOR MULTI-OBJECTIVE
VEHICLE ROUTING PROBLEM FOR PERISHABLE
GOODS DISTRIBUTION

Madushan Fernando

218017J

Degree of Master of Science

Department of Transport and Logistics Management

University of Moratuwa

Sri Lanka

August 2022



AN OPTIMIZATION MODEL FOR MULTI-OBJECTIVE
VEHICLE ROUTING PROBLEM FOR PERISHABLE
GOODS DISTRIBUTION

Madushan Fernando

218017J

Degree of Master of Science

Department of Transport and Logistics Management

University of Moratuwa

Sri Lanka

August 2022



DECLARATION OF ORIGINALITY

| declare that this is my own work, and this thesis/dissertation does not incorporate
without acknowledgment any material previously submitted for a degree or diploma
in any other University or institute of higher learning and to the best of my knowledge
and belief, it does not contain any material previously published or written by another

person except where the acknowledgment is made in the text.

| hereby also grant to the University of Moratuwa the non-exclusive right to reproduce
and distribute my thesis/dissertation, in whole or in part in print, electronic or other
medium. | retain the right to use this content in whole or part in future works (such as

articles or books).

Signature: Date: 22" August 2022

UOM Verified Signature



STATEMENT OF THE SUPERVISOR

The above candidate has carried out research for the Degree of Master of Science under

my supervision.
Names of supervisors: Dr. Amila Thibbotuwawa

Dr. H.N. Perera

Signatures of Supervisors: Date: 22" August 2022

UOM Verified Signature

UOM Verified Signature



Abstract

Vehicle Routing Problem (VRP) is a well-studied area of operations research that has resulted
in significant cost savings in global transportation. The primary goal of the VRP is to find the
best route plan that minimizes the total distance traveled. The current study used VRP to solve
the problem of fresh Agri products distribution in retail chains. With the advancement of
computation power, researchers pay more attention to incorporating real-world characteristics
when developing VRP, making it more practical for use in real-world applications. Existing
literature identifies a research gap in richer problems that use real-world characteristics
concurrently. This study created an integrated bi-objective VRP model that focused on
resource optimization, order scheduling, and route optimization all at the same time. Two
objectives aim to minimize distribution costs while ensuring product deliveries to retail outlets
on time. To improve real-world applicability, the model incorporated multiple real-world
characteristics simultaneously. All the algorithms were developed using an open-source
optimization library called OR-tools.

This research compared several heuristics and metaheuristic methods respectively, to obtain
the IBFS (Initial Basic Feasible Solutions) and iterative improvements. Thereafter, best
performing heuristic method (savings algorithms) and metaheuristic method (guided local
search) were hybridized to develop the proposed two-phase solution method. All the solution
algorithms and the developed VRP model were tested using the data obtained from one of the
largest retail chains in Sri Lanka. Numerical experiments show the efficiency of the proposed
solution algorithm in solving a real-world VRP problem. Further, numerical experiments show
that the proposed VRP model has achieved a 16% saving in daily distribution cost while
ensuring on-time deliveries to 95% of the retail outlets. Further, on-time deliveries of fresh
Agri products ensure the freshness conditions. The developed VRP model is efficient to use
as an operational planning tool for planning distribution operations in retail chains.

Keywords:

Vehicle Routing Problem, Perishable goods distribution, Retail supply chain, Heuristic
methods, Metaheuristic methods, Real-world application
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