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1 Abstract

Solid waste collection is one of the most important axes of solid waste management because it
affects social, environmental, and economic issues. Current literature frequently studies
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economic and environmental dimensions such as costs, route length, environmental impact, total
collection time, required vehicles, and the number of working teams using different solution
methods. Yet, the real-life constraints are rarely studied and introduced. In this paper, to
guarantee the reliability of the solid waste collection process under time-dependent travel times,
we propose a generalized time-dependent capacitated vehicle routing model, including multiple
transfer stations, gather sites, and non homogeneous vehicles with time windows for municipal
solid waste collection, that aims to minimize the economic and environmental costs of the solid
waste collection process, taking instances of the problem generated from real traffic data into
consideration. A case study of Sfax, Tunisia, is given to illustrate the applicability of this model.
Furthermore, this model could be applied to scenarios with similar vehicle aspects and node
structures.

Keywords: Municipal solid waste collection, Capacitated vehicle routing problem, Time
windows, Time-dependent.

3 Introduction

Improving solid waste management strategies is critical for municipalities. Identifying the best
collection route would not only allow municipalities to provide more effective services to their
people, but it would also help reduce significant costs. Furthermore, it would reduce
transportation congestion, gasoline usage, carbon emissions, and environmental pollution [1].
The waste collection routing problem refers to the challenge of finding a route that serves all
customers with the lowest total traveling distance or time, using the least number of vehicles,
under some constraints like wvehicle capacity. Optimization algorithms and GIS-based
approaches are commonly used to find the most efficient waste collection routes. These methods
consider factors such as the location of waste facilities, road networks, traffic patterns, and the
volume of waste generated in different areas to create optimized collection routes. [2]. [3] The
most frequent formulations used in waste collection problems are capacity and time window
constraints. The Capacitated Vehicle Routing Problem (CVRP) was developed by [4] as an
extension of the vehicle routing problem (VRP) that considers vehicle capacity constraints. The
CVRP aims to deliver (or pick up) goods to customers with specific demands while taking the
shortest possible route. An essential feature of this approach is that routes start and end at a
central depot, and the vehicle's capacity is considered to decide whether a vehicle will continue
collecting items or return to the central depot to unload the collected load. The Vehicle Routing
Problem with Time Windows (VRPTW) is another common formulation for waste collection
processes that assigns a specific time interval during which a customer must be visited. To more
closely resemble real-world waste collection problems, some researchers include both capacity
and time window constraints, leading to the development of the Capacitated Vehicle Routing
Problem with Time Windows (CVRPTW) [5]. Another extension to waste collection routing
problems, is the Time-Dependent Capacitated Vehicle Routing Problem with Time Windows
(TDCVRPTW), which consider travel times or costs that depend on the time at which the
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vehicle is moving. This feature is particularly helpful for modeling a vehicle route subject to
traffic conditions. [6] proposed a waste collection routing problem that considers real-world
time constraints and variable traveling speeds caused by time-dependent traffic conditions. In
this problem, time windows are also considered, which means that nodes can only be visited
within a certain period defined by opening and closing hours. Another variant, introduced by [7],
includes lunch breaks and rest periods for drivers.

In this paper we propose a mathematical modeling and heuristic to solve (TDCVRPTW)
problem and apply them to a real life problem

4  Literature Review: An overview of Time-dependent VRP and VRP

with time windows

In their research, [7] focused on a VRPTW for waste collection that considered the
lunch and rest periods for drivers. The objective of their study was to minimize the total
trip time and the number of vehicles required. [8] state that deterministic algorithms,
such as those proposed by [9] and have been utilized to solve VRPTW. However,
because of the NP-Hard problems, applying these deterministic algorithms to solve
large-scale VRPTW problems can be very time-consuming. Thus, recently, researchers
have shown great interest in developing heuristic and meta-heuristic algorithms to solve
VRPTW problems. These techniques have been widely studied as potential solutions to
this problem such as, Taboo Search (TS) [10], Particle Swarm Optimization (PSO) [11]
Ant Colony Optimization (ACO) [12], and Genetic Algorithm (GA) [13]. The condition
of the road network in urban areas has time-varying characteristics, affecting the speed
at which wvehicles can travel. Therefore, researchers have investigated the
time-dependent vehicle routing problem (TDVRP) from various angles. The first
reference to a time-dependent travel time model is credited to [14], who adapted the
savings algorithm to incorporate two different periods of the planning horizon, each
with distinct travel time values. [15] proposed a mathematical model to estimate
solutions for time-dependent routing problems by constructing a hierarchical traffic
network based on the frequency of road usage. [16] developed a bi-objective model for
the time-dependent vehicle routing problem (TDVRP) that aimed to minimize both
route cost and fuel consumption. They solved the model using particle swarm
optimization with a greedy mutation operator and a time-varying acceleration
coefficient. [17] developed a TDVRP planning model that aimed to minimize carbon
emissions and maximize customer satisfaction. To solve the problem, they designed an
improved version of the non-dominated sorting genetic algorithm. [18] introduced a
novel variant of the time-dependent vehicle routing problem (TDVRP) with time
windows, which considers that the paths between any two customers may differ at
different times of the day due to varying traffic conditions. They developed a tabu
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search algorithm to solve the problem. According to existing literature, time dependent
vehicle routing problem TDVRPTW refers to a procedure used to determine the most
efficient route for a vehicle, which aims to minimize the total travel time. This involves
starting from the depot, servicing each customer until all have been attended to, and
then returning to the depot. In the process, factors such as the speed of the vehicle, the
distance between points, the vehicle's capacity, and the time frames for each customer
are all considered. According to existing literature, time dependent VRPTW refers to a
procedure used to determine the most efficient route for a vehicle, which aims to minimize the
total travel time. This involves starting from the depot, servicing each customer until all have
been attended to, and then returning to the depot. In the process, factors such as the speed of the
vehicle, the distance between points, the vehicle's capacity, and the time frames for each
customer are all considered. The TD-VRPTW has been applied to various fields, such as the
distribution industry [19], courier services[20], and transportation [21]. The importance of
vehicle travel speed in waste collection applications, was first highlighted by [6]. Their study
aimed to enhance the TD-VRPTW in waste collection applications by taking into consideration
changes in the vehicle's load (weight of collected waste) and speed during waste collection from
customers.

5 Paper’s contribution

The aim of this study is to find an optimal routing plan for the efficient collection of solid waste
by considering time windows and time-dependence constraints. Therefore, we propose a
mathematical model and heuristic to solve this problem and apply them to a real-life problem,
with comparison with existing work in the literature. Computational results will be reported.

6 Conclusion

In this paper, we considered a capacitated vehicle routing problem for MSW collection with
time windows while considering real-world constraints. Computational results will be reported.
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