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ABSTRACT

This project focuses on optimizing the locatiorthaf collection points for waste of electrical and
electronic equipment (WEEE) and the required rofdebulk collection of the material. The problem
consists of determining a set of locations to ihstametwork of gathering equipment and the deafinitof
the routes to be used by the vehicles. It is impleted using open source technologies following the
current tendency of the present software markeasdn. In particular, the software application
developed provides a visual way to control an ertigistics network of WEEE collection and sorting
points. It is expected that the implementationhig hetwork will increase the amount of WEEE cadkek
and consequently will produce environmental besefitreducing poor waste disposal. The algorithms
developed to solve the location and vehicle rougiraplems will lead to important reductions in
operating costs concerning transportation, stosagkesorting and will contribute for reductions in
pollution and energy consumption levels.
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1. INTRODUCTION

In the last decade in Europe the growth of WasimfElectrical and Electronic Equipment (WEEE) whsu
three times higher than the average municipal wetstam. WEEE is made of all electrical waste (idoig all
components, subgroups and consumables) that issemtéal part of electrical and electronic equipt(&ktE)

at the time it is rejected.

This project is based on Amb3E- Associacdo Portsgule Gestdo de Residuos de Equipamentos Eléatricos
Electrénicos (Portuguese Association for the Managgg of Waste from Electrical and Electronic Equéit),

a non-profit association under private law, whichMarch 13th 2006 received its licence from the istar for
Economy and Innovation and the Minister of the Emwvinent and Territorial Planningymb3E. (2010). This
licence gave it the right to manage electrical atattronic waste in Portugal, distinguishing itaasype of
WEEE reverse supply chain management company. AnasBihges also for the treatment and recycling of
waste electrical and electronic equipment from atizled collection points, on behalf of its producsembers.
The objective is to provide cost effective comptiarfor producers to meet the requirements of theEB/E
regulations whilst minimising the cost to the cangu. In 2010 Amb3E is responsible for more than 6%
WEEE collected in Portugal; and has 60 associataetpanies. In summary the main objectives of thiskvese

to determine if the costs that logistics operatars currently applying are appropriate or exaggerab
determine the routes for collection and to estincat® benchmarks to facilitate the negotiation@f rcontracts
with the logistics operators;

2. WEEE COLLECTION NETWORK

In the Amb3E collection network (Figures 1 andtBgre are several places where consumers can tépsisi
old EEE. These are the collecting points for EEEravwidespread area. The material deposited atifffeeent
collecting points is gathered by the waste collegthicles of a logistic operator which in turnrtsgorts the
material to a CSF. The routes EEE collecting pojstsne are transfer stations), are typically linkgdooint to



point types of transportation in which the transpg®made directly to a gathering centre. In sopecil cases,
there is the possibility to transport the EEE diseto the re-processing unit. The other EEE cdaiter points
are scattered and do not follow a typical fillingtiern, so these points are a typical problem Her \tehicle
routing solution.
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Figure 2 “WEEE supply chain system.

The material is weighted, separated accordingsmjterational flow categories (ten categories atingrto
volume and typology criteria), and stored for tggorsation. When circumstances permit, a logistierafor
transports the separated EEE again by a logistizabpr to a re-processing unit. The re-processimg will
remove the dangerous substances and strip the &Bfonents for the forward supply chain unit (prdaucor
distribution) or the disposal facility.

3.LOCATION AND ROUTING PROBLEM S

The main questions to be answered are relatecetohbice of the location and the routes for theolet. The
choice of a particular location incurs a certainstt versus "gain”, which can be estimated aheathwf. The
purpose of this problem is to obtain a valid solntto "minimize" and "maximize" the sum of all "tgsand
"gains" associated with the allocation of equipmantselected locations, while still respecting adpacity
constraints.

The location and vehicle routing problems are dididnto three major problems: 1) minimization ofteinces,
2) maximization of service and 3) maximum coverafeese problems can be supplemented with additional
restrictions that provide limits to the maximum aejy and maximum distances between depots androess.
Given the wide variety of EEE in terms of physiadlaracteristics (weight, volume, etc.) and the Ifina
destination, it might be advantageous to the exégteof accumulation points of WEEE to optimize tiost of
transport to the recovery centres. The number oftp@f accumulation, their location and area diuence are
critical to the performance of the collection opiena of WEEE, as they significantly affect its efncy. In
fact, in many situations, transport costs can baifitantly reduced if the volume of cargo to bansported is
considerable, allowing the use of means of trartspore economically efficient.



4. PROPOSED METHODOLOGICAL FRAMEWORK

In order to properly analyse and solve the most@fahe above mentioned location and routing pgotd of the
company, some research work has been carried aigwloping a computerized application (hereafézrred
as GISWEEE). In particular, the system architectamd the software components of this applicatiomewe
designed to control different fleets of waste atlhe vehicles, from different logistic operatorgtleen several
collecting and CSF points, and consequently betwieemeception point and consolidation/reuse pwittiin a
client-server type architecture (Suastzl, 2009). It is a service supply oriented architeztwhich creates the
integration and chaining of several services byessing the geospatial data distributed throughtkb. The
geospatial positions are available in Amb3E by rsearinformation stored in a historical databadeer&fore a
spatio-temporal data modeling in GISWEEE is neddeshow and analyze space-time information (Canvath
al, 2010). It is possible to distinguish the cartogsiapnaps, roads, utilities, etc, that do not tyflycahange in a
short period of time as a static spatio-tempordh daformation model. Even though the locationstlod
geospatial objects are static (Figure 3), thenikattes may change over a short period of time nwkhis a
model of dynamic spatio-temporal data informatibiadi & Delavar, 2003).
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Figure 3 — GISWEEE system integration with spagioyporal static and dynamic database.

In order to implement an accurate and efficient\@EEE, the GIS module integrates high-quality datalets,
queries and temporal information analysis. The nmaiitding blocks that make a typical GIS are dasa&isaits
visualization and analysis (Figure 4). In the data) the historical and real time data, such asdbiieval, time
duration, and flows (types of EEE), are storedvigualization and analysis. Dynamic visualizatitwows the
system by means of animations or 2D representafiofind an optimal route or location for a givaea in this
system, an operational management or strategigsieas requested, considering the updated infaoman the
temporal database and the static spatio-tempat shformation database (Nadi & Delavar, 2003)rr€ntly,

the VRP module is using a set of simple alternatiskition methods based on constructive heurisiit
module automatically and dynamically creates matligtances by calling Google Maps free services to
determine the shortest path between every two foint
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Figure 4 — GISWEEE temporal relationships betwéent¢mporal database, temporal analysis and teipora
visualization.

The typical procedure is as follows:
1. After all nodes are defined as visited we haven#tial solution;
2. The genetic algorithm will work on that solutiondptimize it;
3. The optimization ends when it is no more possiblarprove the value of the objective function;
4. The routes defined are displayed in Google Maps.



5. OUTLINE OF SYSTEM ANALY SISPROCESS

The web-based GIS application GISWEEE allows thalyeh to visualize the entire logistical network
(including the location of partners, e.g. from whehe vehicles start their routes), collection esuand
statistical information in the map. It is a graiimteractive application, allowing managing tbedtion of the
various logistical entities (e.g. adding new cdilet points or modifying the location of transpogterators).
These last features are of particular intereshéoanalyst, since they allow them to easily obséreempact of
their changes on the overall performance of théegysin fact, a set of performance indicators arteraatically

displayed in the digital maps. (Figure 5). Currgniibcation and routing analyses must be perforammbrding
to trial-and-error experiments approach
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Figure 5. GISWEEE



6. CONCLUSION

This project aims to contribute to better economi environmental performance for the national WEEE
notably through the rationalization of the logistinvolved in the collection and recovery of WEERMmaged by
Amb3E, one of two management entities operatinguincountry, byincreasing quantities of WEEE collected,
reducing operating costs, energy consumption aiidtjo.
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