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ABSTRACT 

A new solid waste collection model, called MST, has been developed. It is a result of 
combining System Thinking and Aggregation Theory and it takes into account real world 
constraints such as collection frequency, labor shifts and both preventive and corrective 
maintenance. 

MST is a paradigm shift in solid waste collection systems design and operation. It makes 
possible a more efficient utilization of resources (vehicles and labor) and it is robust against 
variability sources. MST is the result of having challenged and invalidated a deeply rooted 
assumption in all models developed up to date. 

Simulation and Design Of Experiments were used to compare MST against existing models. 
Experimental results show significant reduction in the number of trips (Up to 33%), crews (Up 
to 49%) and vehicles (Up to 40%), which means dramatic operation cost and investment 
improvements. 

Keywords: Waste Collection, System Thinking, Aggregation Theory, Simulation. 

 

1. BACKGROUND 

Variability is a key element in every solid waste collection system. Every day, corrective 
actions must be taken in order to mitigate its negative effects, which increase operating cost 
due to the need for more trips, crews, overtime and vehicles. Main variability sources are: 

• Total daily amount of waste generated in the collection area. 

• The geographical distribution of waste and its weight. 

• Vehicles and crews unavailability. 

• Unexpected route obstacles. 
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Even though variability is always affecting operations, very few studies have come up with 
models that consider it. Everett et al. (1996a), Everett et al. (1996b), Everett et al. (1997) and 
Wilson et al. (2001) introduced probabilistic models, only for design purpose, that estimate 
collection times and vehicles and crews required to operate a system. 

Also a few research were done applying System Thinking and System Dynamics. Most of these 
studies used those methodologies just for qualitative analysis or to make long term decisions. 
Painter et al. (2001), Sudhir et al. (1997) and Mashayekhi (1993) are very interesting models 
for qualitative or strategic purposes. 

Many other methodologies were used to model solid waste collection systems. Angelelli et al.  
(2002), for instance, used Vehicle Routing Problem algorithms, and Mansini et al.(1998) used 
linear programming. Tchobanoglous et al. (1994) summarized deterministic models widely 
used in real world and Hurtado (2004) presents an extensive literature review sorted by 
deterministic or stochastic models, strategic or tactical decisions, etc. 

In spite of the variety of goals and methodologies applied, researches regarding solid waste 
collection systems showed the same key elements in the way they are designed and managed: 

• Collection frequency depends on the waste generation rate and its maximum allowed 
exposure time. 

• Each collection team (vehicle and crew) has an assigned route, where they must collect all 
the garbage in one shift. 

• The number of routes that are being collected at the same time depends on the available 
number of vehicles. 

• Collection area is divided into routes taking into account vehicle capacity, variability in 
waste generation rates and collection frequency (FR). The number of routes needed in a 
collection area can be calculated as follows: 
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Where NR is the number of routes the collection area is divided in, �X� is the nearest integer 
equal to or greater than X, TBA is the amount of waste generated each day in the collection 
area, TR is the collection time interval (1/FR), CV is the vehicle capacity, BCV is the 
capacity buffer which is kept in every vehicle in order to deal with variability in the waste 
volume or weight generated on a route. 

 

The design and operation of a solid waste collection system based on these key elements 
strongly limit the system ability to deal with variability. In the context of this research, every 
system designed and operated following these key elements is called �Traditional Model  
(MT)�. 
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Aggregation Theory is well known and its practical consequences are widely described in 
literature: 

• In order to meet a system goal, less resources are needed as more functions they share. 

• The more aggregated the system goals are, the less buffers are needed for its resources in 
order to protect the system against variability. 

• The less local optima goals the elements of a system must meet, the better the system 
ability to mitigate negative impact of variability is. 

 

The contradictions between the way a waste collection system is designed and operated (MT) 
and the practical consequences derived from Aggregation Theory motivated a research focused 
on challenging basic assumptions existing in the MT model. As a result, several models were 
developed and one of them, MST, is introduced in this paper. Other models can be found in 
Hurtado (2004). 

 

2. SYSTEMIC TIME CONSTRAINED MODEL (MST) 

As it is known, every model is based on assumptions. A basic assumption in the MT model that 
was challenged and invalidated is: �In order to meet the collection frequency, it is necessary 
to divide the collection area into routes�. This assumption jeopardizes the system�s ability to 
deal with variability. 

MST is a model that meets the following key requirements: 

• It takes advantage of Aggregation Theory, so it allows a much better use of resources. 

• It ensures to meet collection frequency at every point in the collection area. 

• It meets labor shifts duration. 

• It works always the same way. Actions to mitigate consequences of variability are inherent 
to the model. 

 

2.1 Elements of MST 

Route 

There is only one route that covers all the collection area. All the teams move through the same 
route. 

Team buffer 

It is a place where available vehicles and crews are waiting for a trip to be assigned. There is 
only one team buffer. Figure 1 shows teams movement through the collection area. 




