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1 I ntroducti on
1.1 The concept of sustnmaainnaagbeimeintty i n solid wa

The concept of sustainability was first introduced in the area of forestry by H.C. von Carlowitz in
1713 (cited in Hilty and Aebischer, 2015) Mor e recentl vy, it has be
Devel opment, 0 as f or mal (UzNe d993) Rurthermae, iUhaddend s A
endorsed in the latest round of global summits and conventions, including Rio+20 in Brazil
(2012), the UN Conference of Parties (COP) on climate change in Peru (COP20) in 2014 and in
France in 2015 (COP21). At present, several concepts of sustaynebéitist, such as corporate
sustainability (MarcelincSadaba et al., 2015; McManners, 2Q1l@conomic sustainability
(Martens and Carvalho, 2018hd supplier sustainabilitfCraig R. Carter and Dale S. Rogers,

2008) among others.

In fact, different organizations have made sustainability part of their corporate and institutional
strategies, namely the World Business Council for Sustainable DevelopW&@SD), The

World Commission on Environment and Development, The Organization for Economic
Cooperatiorand Development (OECD) and The United Nations (UN). These organizations have
identified two common characteristics of sustainability: i) a multidimemasi@pproach that
integrates social, environmental and economic issues; and, ii) a temporal dimension expressed as
Apresent (M,d998)urt ufrtlesari@idvastava, 1995which implies a causeffect

way of thinking.

As one of the primary causes of global warming, solid waste management (SWM) has recently
gained traction at climate change conventi@isristensen et al., 2009; Hilty and Aebischer, 2015;
Intergovernmental Panel on Climate Change. Working Group Ill, 20@@diionally,
environmental problems in urban areas are mainly associated with the degradation of ecosystems
and the pollution of air and water, highlighting the need for renewable energy sources in which
unsustainable SWM represents both a problem and antapjig (Hay, L. et al., 2014; Kurdve et

al., 2015; Milutinovic, B. et al., 2014; Mirvisetal.,2010) I n t hi s sense, the
already emphasized the extension of solid waste service coverafjeutbaam and rural areas
worldwide (Troschinetz and Mihelcic, 2009pubsequently, during the Fifth World Urban Forum

in Rio de Janeiro in 2010, the managementakte Electrical and Electronic Egumien{WEEE)
assumed its role as a prominent issue within Municipal Solid Waste (MSW) in cities around the
world (Wilson et al., 2012)This recognition demonstrates the relevance of WEEE as part of the
discussion on urlmasustainability, especially in developing countijgarak et &, 2012; Oyoo et

al., 2011) Similarly, during the COP20, the paradigm of Zero Waste was endorsed as a key
sustainability strategyZero Waste Europe, 2014indeed, Heads of State and Government and
High Repesentatives gathered in New York last September (2015) and declared the new Global
Sustainable Development Goals (GSDG). The GSDG are constitutive elements of the 2030
Agenda for Sustainabl e Devel op (WeNn 2015 The 20801 ed |
Agenda includes 17 goals, two of which are specifically aimed at waste management targets (#2:



i Make cities and human settl ement s inclusi ve,

sustainable consumption and production pattero ) .

Despite these advances, SWM systems have not been consummated in developing countries,
resulting in increased public health risks and generating environmental andesocamic
problems(Abu Qdais, 2007; Ezeah and Roberts, 2012; Rathi, 2006h&iat al., 2008)In these
countries, institutions that organize territorial planning programs are faced with rapid urbanization
and concomitant waste management problems. Moreover, urban planners often make decisions
based on economic priorities without consideration emivironmental or social variables
(Perkoulidis et al., 2011; Zhang et al., 2010; Zurbrugg et al., 201}jacke these issues, and
simultaneously achieve the objectives set out in the GSDG, studies argue that policy makers and
waste management program designers should apply a systems approach, which provides
interdisciplinary support involving technical, social,oeomic, legal, ecological, political and
cultural elementgAchillas et al., 2010; Chang et al., 2001; Eriksson et al., 2005; Omran et al.,
2009) In the same vein, the concept of transparency has been employed in sustainability to
strengthen the participation of stakeholders, thereby addressing two priorities: (i) transparency
concerning economic, social and environmental issues, (ii) reporting to stakeholders, actively
engaginghem and eliciting their feedback in orderetg.improve supply chain process@3arter

and Rogers, 2008)

In addition, an attempt to design more integral solutions for waste management manifested as the
theory of integrated solid waste management (ISWM). ISWM facueseintegrating processes
(generation, segregation, transfer, collection, treatment, recovery and disposal); it has been widely
applied in municipal waste management planning and public pdlichobanoglous, 1994;
Tchobanoglous et al., 1993ased on the concept of ISWM, DecisiSapport Sygms have
integrated simulatiotbased models to study waste generation dynalficsanasijevic et al.,

2013; Benitez et al., 2008; Mdox et al., 2011)determine landfill allocatiofAlves et al., 2009;
Antanasijevic et al., 2013; Kollikkathara et a2010) and ascertain optimal SWM planning
(Yeomans, 2004)among other things.

1.2 WEEE Management in Developing Countries

The European Waste Electrical and Electronic Directive (WEEE Directive) defines Electrical and
Electronic Equipment (EEE) as equipment that requires electric tuwerelectromagnetic fields

in order to properly function, as well as equipment for generation, transfer and measurement of
such currents and fields and designed for use with a voltage rating not exceeding 1 000 volts for
alternating currents and 1 500ltgofor direct current$The European Parliament and The Council

on Waste Electrideand Electronic Equipment, 2012Jhe Directive categorizes WEEE into one

of 10 groups: (i) Large household appliances, (ii) Small household appliances, (iii) IT and
telecommunications equipment, (iv) Consumer equipment, (v) Lighting equipment (nuclyals
discharge lamps), (vi) Electrical and electronic tools (with the exception ofdaeye stationary
industrial tools), (vii) Toys, leisure and sports equipment, (viii) Medical devices (with the
exception of implanted and infected products), (ix)MMaring and control instruments and (x)

2



Automatic dispenser¢The European Parliaamt and The Council on Waste Electrical and
Electronic Equipment, 2012)

WEEE has become a pertinent global waste stream due to its high grow(Ahatealia and
Nema, 2007)Although this growth rate is esgally pronounced in developing countri@saujo

et al.,, 2012; Herat and Agamuthu, 2012; Ongondo et al., 2@1ik) also considerable in the
developed worldPremalatha et al., 2013fFor example, between 2003 and 2011, 25 of the 50
United States passed WEEE lafieigh et al., 2012)and the United States is the largest global
generator of Information and Communication Technologies (ICT) w@&siri et al., 2015)In
addition to increasing rates, WEEE is composed of potentially dh@azsirelements, underscoring
the importance of including WEEE strategies in urban sustainability proga8i”A TM and
UNU-IAS, 2015; Przybyla and Pegah, 2007; Widmer et al., 2005)

Hazardous compounds with toxic substances can have public health effects and environmental
consequences. These problems are exacerbated in developing countries on accoutéodf low
recycling and diposal processes, poor operational practices and characteristics inherent to some
products and substances upon disposal, as documented in several (Bpantgt al., 2008;
Gassara et al., 2011; Hassanvand et al., 2@t@ylies performed in Peru, Colombia, China, India,
Nigeria and Ghana make it clear that the prevalliimpdequaté recycling operations can
engender severe health and environmental effdct®yaw-Osei, Y. et al., 2011; Chi et al., 2011;
Empa and CNPML, 2008a, 2008b; Espinoza, O. et al., 2008; Ezeah and Roberts, 2012; Sinha
Khetriwal et al., 2005; Thanh and Matsui, 2011; Widmer et al., 2005)

In spite of the hazard presented by some WEEE components, this waste presents an opportunity,
for WEEE contains base and precious metalg.gold and silver solders), rare earth elements

(e.g. neodymium in computer hard disks) and other critical raw mategaisiridium in screens

and gallium in mobile phones). These elements can be recovered, yet, in some cases, they are lost
in the recycling chairfHerat and Agamuthu, 2012; Reuter and Van Schaik, 2012; Widmer et al.,
2005) Developed countries, such as Switzerla(@®inhaKhetriwal et al., 2005) began
implementing WEEE collection and recycling programs more than a decade ago. Therefore, the
technologies needed to recover valuable materials from WEEE aré&kneglh, and mainly
implemented in the indusalized world, while strategies to create citizen awareness about the
importance of sorting and recycling waste in developing countries is a much more recent
phenomenon.

WEEE Generation Rates and Management Processes in Developing Countries

EEE consumptiohas grown rapidly over the last 5 years in all developing countries. In China, per
capita generation (inhabitant per year) of WEEE is around 3.5 kg; in Brazil, around (3\wwaipp

et al., 2012; Swiss-waste programme and FEAM, 2009) Colombia, 2.7g; and, in Bolivia,
around 2.3 kdSwiss Contact et al., 200%Recent statistics show that the global quantity of EEE
entering the market in 2012 was around 65 million tons and the corresponding WEEE was
between 42 and 49 million ton®o6ni et al., 2015; GSMA TM and UNUAS, 2015) Of the total
WEEE generated globally in 2014, roughly 53% was generated in Asia (38%), Africa (5%), Latin



America (9%), and Oceania (1%). WEEE generation in LAtirerican countries has been on the
rise: in2009, this figure was rough 2800 kt; in 2014, it spiked to 39qG&MA TM and UNU
IAS, 2015)

Colombia was the fourthighest generator in Latin America in absolute terms (roug®0y/kj in

2014, followng Brazil (roughly 1420 kt), Mexico (roughly 910 kt) and Argentina (roughly 310 kt)
(GSMA TM, 2015) Taking the example of computers, studies have calculated a global WEEE
generation of around 0.3 kg/capita per year; however, in gesrduch as Mexico, Argentina and
Chile, rates are much higher (0.44, 0.49 and 0.42 kg/inhabitant/year, respe¢Avalyp et al.,
2012)

A generic scheme of the EEE and WEEE management progelgsin developing countries is
shown in Figure 4 (below). EEE production in countries such as Colombia refers mainly to
equipment imports and, to a lesser degree, the import of (foreign) parts and local (domestic)
assembly. Likewise, distribution inwas large and small retailers and is divided into new and
seconéhand (donated, repaired or reconditioned equipment) EEE.

Figure 1-1: Generic WEEE management processes in developing countries. Adapté¥iitben et
al., 204, StreichetPorte et al., 2009)
Raw Production EEE | ~ WEEE
» material —» (import/local
processing assembly) —>| Treatmen1
Use WEEE
->| Miniﬂ and > Collectign _’m_a
reuse and Sorting - Y
Developing countries L Dlsposal| |D|sposa1
Normal flow ------ takback chain
v
Lithosphere Environment (air, water, soil, fauna, flora, biota)

Mining activities negatively impact the environment in the form of ecosystem degradation,
pollution of natural resources (air, ground and water), in addition to public health problems
(Brunner, 2011, 2011)These effects have been largely confirmed in the context of developing
countries where informal mining ia pressing issu€Armstrong et al., 2014; Kinyua, 2012)
Similarly, the smuggling of lowguality equipment represents a part of imports (production) in
developing countries, which increases the amount of WEEE generated given that it must be added
to the WEEE exports from the developed world to developing coun@i@ssequently, urban

mi ni ng, which is the term for city dwell ersbod
growing importance for material recovery and decreased primary extré8ioani et al., 2015)

The usereuwse phase displayed iRigure 11 includes both new and used equipment, and the
generation of WEEE occurs once EEE is declared obsolete by the consumer. At this juncture, it
demands préreatment (either repaired or disassembled), with the option of selliegporting

the whole obsolete equipment, breaking it down into parts, disposing of it in sanitary landfills or
introducing it into informal recycling processes (this last option is predominant in developing
countries).



In order to improve WEEE managemesix LatinrAmerican countries have introduced specific
legislation; Colombia is one of these six nations. In total, eleven-Raierican countries have
begun drafting a regulatory framewdi®SMA TM and UNUIAS, 2015) The majority of these
regulations are based on the principle of Extended Producer Responsibility (EPR), which promotes
the improvement, in environmental terms, of production and manufacturing sy#tgarauthu

and Victor, 2011; Herdiana, D.S. et al., 2018} placing tle responsibility of enaf-life
management on producers and distributors. EPR has been extensively applied to EEE in Europe
(Khetriwal et al., 2009) According to Lindhqvist(2000) EPR aims to influence production
processes in one of two directionsipgtream or downstrearn shifting responsibility to
downstreamprocedures that involve different actors in collection, recycling and treatment
processes; providingpstreamncentives to producers to incorporate environmental considerations

in the design of their productslerdiana, D.S. et al., 2014).g.cleaner production or design for
recycling(Mayers, 2007)

EPR places the responsibility fequipment on its respective producer(shpcluding thefinal
disposalof toxic constiutive elements (e.g. heavry metals) and therecovery of materials €.g.

metls and plastics)Crucially for the case of developing countries, EPR goes beyond the borders
of the country in which equipment is produced; responsibility wextdehd to countries in which
equipment idistributed and ugd. To collect WEEE, producers need communication channels to
both consumers and recyclers in order to ensure recycling processes comply with technical and
environmental standards. In response to this issue, the rdegisgcs chain has emerged a
principal strategy, for it entails collection points often located where EEE is sold and at municipal
waste collection facilities. Another widelysed structure is the Producer Responsibility
Organization (PRO), which employsPR in a collective scheme of producers, importers and
distributors. As of 2007, more than 250 had been established in Eiapers, 2007)

An EPR schemeds success is premised omsint he i
the system, in addition to the creation of channels of communication and cooperation. Main
(generic) actors or stakeholders at the national level include the environmental authority, the ICT
authority, the import/export authority, the industry (proehs), distributors and retailers of new

and secondhand equipment, recyclers (formal and informal) and, last but certainly not least,
consumers. In countries where EPR has been implemented and collectibadklsshemes are in

place, PRO serves as thadge between consumers and producers, thus acting as an important
stakeholder in its own right.

Two main factors determine the amount of WEEE collected: consumer beli@esa et al.,

2011; Ongondo and Williams, 2011; Saphores et al., 28i@)physical infrastructure, which, in

turn, affects consumer attitudes (which culminate in behavior). Development of physical
infrastructure dep®ls on coordination and cooperation among public and private organizations
and the existence of a legal framework. It is important to mention that consumers can be
households, public (government) or private (industry, schools, universities, etc.) oigasizat
Common consumer attitudes in WEEE management include: storage of obsolete items at home,
transfer to family members, friends or informal recyclers or disposal along with ordinary waste
(FernandezP., 2007) Disposal with ordinary waste allows informal waste collectors to glean



WEEE from streets, garbage deposits and landfidimpa and CNPML, 2010)}actors geared
towards boosting consumer participation ornfial collection programs include the following
(nonexhaustive) list of strategies.

) The |l ack of knowl edge regarding fndbest prac
health and the environmef¥larshall and Farahbakhsh, 2013he lack of awareness,
(Srivastava and Sahu, 201t#mming from inadequate education and failed transmission
of clear information about the possible public health and envirotaheffects of im-
proper and unsafe WEEE management; the lack of public awareness regarding the re-
sponsibility to deliver WEEE to collection points;

i) Unsatisfied basic needs dictate priorities in each person and/or @oisgevicius and
Kenrick, 2013) not to mention thélomo economicuaspect of human beingBauman,
2007a, 2007b; Henrich et al., 200®)is is also relatedtthe willingness to pay for for-
mal collection and/or recyclingMarshall and Farahbakhsh, 2018)d the fact that in-
formal recyclers usually pay consumers for WEEE.

iii) At the organizational level, ecomic considerations drive action, as evidenced by their
emphasis on two targets: decreasing taxes on WEEE management (collection service tax-
es) and reducing cost of EEE purchaseg.Cheaper equipment regardless of quality rel-
ative to price).

iv) For both tpes of consumers (individuals and organizations), physical accessibility is a
determinant; this refers to collection point locations, which should be easily accessible for
consumergSrivastava and Sahu, 2014)

As for the second factor (infrastructure), poshsumer strategies have been implemented in some
developing countries. However, studies in various countries reveal the inadequate progress of
these strategies in urban areas and their virtual inexistemoeal areagAmoyaw-Osei, Y. et al.,

2011; Chi et al., 2011; Empa and CNPML, 2010, 2008a; Espinoza, O. et al., 2008; Ott, 2014;
SinhaKhetriwal et al., 2005)

At this point, other WEEE management actors should be broached. One of the mais tmarrie
implementing collection and management strategies in these countries has been the lack of
coordination and cooperation among public organizations and between public and private
institutions. The dissemination of regulations and public policies coeld achieve necessary
stakeholder participation, but this needs to be complemented by control instruments in the hands
of the relevant authorities. Furthermore, public policies are usually designed (and passed) by only
one authority (generally the envinrmental authority), despite the fact that the complexity of the
system demands intsectorial cooperation. In order for such cooperation to be effective,- multi
sectorial public policy is require@.@.involving ICT, education and public heakliathorities).



1.3 Statement of the Probl em, Objectives and

WEEE Management may be characterized as a typical-sathaical system in that it relies on
technical artifacts to achieve material goals; however, it is also strongly affegtedvbral
(human) actors6é6 behaviors and decisions. As
increasing consumption patterns, and introduction of new technologies in developing countries
have brought about the rapid escalation of WEEE quantity.

The main causes of ineffective WEEE management are poor or absent infrastructure in cities,
small municipalities and rural areas and deficient coordination and cooperation among actors. The
latter, coupled with the first cause, results in meager amounts d&BAM®llection via the
established network.

Colombia has recently begun to design and implement a national WEEE management system
founded on EPR;,e. aimed at forcing producers, importers, distributers and consumers to assume
responsibility for the endf-life management of their technological equipment. To meet this goal,
the participation and inclusion of all actors in the entire-tadkek process is obligatory. In effect,

the implementation of this system requires consensual decisions and strateégresddesimpact

every actor in the reverse supply chain. Additionally, EPR entails the implementation of
infrastructure to collect WEEE from consumers with active distributor participation and the design
of infrastructure for the transport, storage andttreent of this waste.

The lack of a systems approach in decisimaking processes is one of the main hurdles to
effective waste management, as evidenced by an analysis of thistesduical system, an
extensive literature review, a case study and the aut 6 s own e x {systemsmsed e . A
approach translates into a lack of coordination among stakeholders and results from a failure to
design and implement sustainable education strategies. A simtasea approach may help

close the identified gaf@s decisiorsupport systems, simulatidrased models have been applied

in decisiomrma ki ng i n waste management, t hough the
which cannot be expected of sotexhnical systems because learning processes for hunoas ac

are required to achieve (more) sustainable management.

Taking into account the concepts of sustainability and systems, the present research proposes
including four components in a systems approach to deamsaking: (i) multiple dimensions of

the poblem; (ii) targets of the different stakeholders; (iii) processes within WEEE management;
and, (iv) circular causeffects of current decisions in the shprhedium and longterm. Specific
dimensions, actors and stages considered relevant to attaireasystemic decision process are
discussed in the development of this research.

Based on the issues described in the previous sections, this doctoral thesis enhances systemicity in
decisionmaking policy designed to increase sustainability in WEEE manrag@nspecifically

for developing countriés using the design of a Decisiiinhancemenstudio (DES). Therefore,

this research also contributes to the solution of the principal issues related to policy decisions.

The twomainresearch questions are formuthtes follows:



RQ1: How can we design decision enhancement studios to support policy makers in the crea-
tion of sustainable WEEE Management programs in developing countries?

RQ2: What are the essential elements needed to enhance systemicity in eadisian for
WEEE management?

1.4 Research Methodology and Contributions

The methodology employed to answer the two research questions iafjolies three facets:
philosophy, strategy and techniques.

141 Research Philosophy

The main goal of this doctoral research is to enhance systemicity in-pelidgd decision making

with an eye towards fostering sustainable WEEE management in developing countries through the
design of a decision enhancemeamtidia From a philosophicapoint of view, research must
account for the nature of the problematic situation. According to Kroes (2012);tsdciocal
systems refer to Ahybrid systems consisting of
technical artefacts, human aca@nd social entities and the rules and laws governing the behavior
of human act or s (Koesd2012)®Seeingads WEEEt niatagesmaenbinvolves the
aforementioned elements, it can safely be considesediatechnical system, above all because it
demands technical artifacts to achieve goals such as EEE distribution, WEEE collection and
recycling of implementation of public educational strategies designed to boost responsible
consumption. WEEE managemesitalso deeply affected by human attitudes and the decisions of
several social actors, who play different roles within the management prodegses ¢1) and
decisionmaking processes related to planning, designing and implementing programs and public
policies.

The societechnical nature of this research does not reduce the world to pure human knowledge or

the empiricallyobservable and quantitativetgeasurable. Rather, the philosophical apparatus

used to support this doctoral research is criticalgealMingers et al., 2013)Thus, in answering

the research questions from a holistic and systessed approach, critical realism is important

insofar as it offers a profound understanding of the real world via tbgn#ion and discovery of

the system (real worl d) of each actor t hat I
accounting for the differences bet w@Mgers,t he ac:
2015; Mingers et al., 2013)

142 Research Strategy

Engineering can be classified as an applied science, amgnhdssa constitutive part of an
engineer 6s cor e (Mddjerst 20@8BEngineess lapp@ach thewvortd iaseagents of



change in an effort to adapt the world to the practical needs of humans by virtue of problem
solving processegKroes, 2012; Simon, 1996)his distinguishes them from researchers, who
approach reality as spectators, discoverers or theorists in the (Kodds, 2012) This is coherent
with Hevnerés Design Science Research (DScR
developing innovative technological solutions,dals or method&Diggelen, 2011; Hevner, A.R.,

2007; Hevner, A.R. et al.,, 2004 the DScR strategy, knowledge and understanding of the
problenat i ¢ si tuationds domai n, as well as 1its
application of the designed artifa¢éievner, A.R. et al., 2004) Hevner 6s proposal
and design with rigoas part of the progressive problawmlving process involved in the strategy

that constitutes the methodology employed hetféigufe 12).

Figure 1-2: Design Science Research cycles. Adapted ftdevner, A.R., 2007; Hevner, A.R. et al.,

2004)
Application Design Science Knowledge
domain Research base
) - Theories
Build bt
- Actors Requirements Contribution - Models
Design . - Methods
- Processes Relevance c clge Rigor cycle
cycle Yy ) - Artefacts
) Applicable .
- History Field testing Evaluate knowledge - Experience
- Expertise

Design in engineering responds mainly to the design cydigure t2. However, within DScR,

design is not only developed iteratively, but is also tied to the following cycles: the ebasext
identification of requirements as part of the relevancéedgcdefine design inputs and, within the
cyclical process, field testing of the design, which causes changes in the requirements, the design
and the context itself. To support design, applicable knowledgge theories, methods and
models) is taken from he knowl edge b aBigure £2) &d theodesigl pracése 0 |
creates new knowledge that expands theesprsting knowledge base.

An important element of the DScR is the scientific contribution Fsgere 12). Due to the fact

that this reseah tackles a realorld problem, combined with the fact that WEEE management
involves several actors inside and outside of academia, understanding the problem requires
identifying actor participation for the relevance and design cycles. What is mor&ategysthat
constitutes the methodology employed herein applied facilitates maaraing processes and
allows for the creation of solutieoriented knowledge that generates both practical and theoretical
results. Together, these characteristics highlige importance of employing a transdisciplinary
approach to the solution of reabrld problemgLang et al., 2007)According to Binder (2015),
transdisciplinary projects deliver contributions at the following three le{sde Figure 13):
outputs (shorterm), impacts (mediusterm) and outcomes (lortgrm) Within the outputs,
contributions can be tangibla,e. publications, workshops, reports, etc. or intangible,
methodological, organizational or social experiences. As for the impacts and outcomes,
contributions can be tangiblége. actions, decisions, plans, etc., or intangible, forms of



knowledge (system knowledge, target knowledge or transformation krgeyleor system

changes, which might not be easily attributed to the project &Binder et al., 2015)

Figure 1-3:

from (Binder et al., 2015)

Scientific contribution

Outputs Impacts Outcomes
. Cognitive Decision
Experience - - .
impacts making capacity
e R 'd N\
Transdisciplinary | , Impactsof the Tangible
[[ research J L Tangible OUtDUtS: | tangible outputs) outcomes
. Cognitive Decision
Experience . . .
impacts making capacity

J -

Practicalcontribution

C] Processes
C] Products

Conceptual framework used to structure-seffection and present contributions. Adapted

Validation was performed throughout the research process using triangulation with multiple

instruments. To validate tangible and intangitdeearch contributiong-igure 13), the methods

applied included textual and photographic reports of workshops and meetings, as well as expert

interviews to validate the agebased model (ABM), experiments to evaluate comphodsed
simulation and the ggtication of the Technology Acceptance Model (TAM) to validate the
decisionrenhancemergtudiq which incorporates @ st udi 00

as the

ma i

n

for decisions and a set of technological ta#éleen and Sol, @8). Intangible contributions were
also validated through the dialogical analysis of documents (products) anerpesh questions
in surveys included in the instruments for validating products. The detailed methods applied are

described below.

143 ReselarTechni

Critical realism recognizes the existence of different types of objects of knowieslgehysical,
social and conceptual); as a result, it necessitates a wide range of research (hetigeds et al.,
2013). Developing the relevanadesignrigor cycles in this doctoral research (focused on design),

ques

f aci

in line with critical realism, meant applying multiple techniques in the form of diverse methods,
instruments and tools. These research aspects are ouithingte following paragraphs and

described, irdepth, in Chapters 2, 3, 4 and Before proceeding, it is important to clarify that all

of the techniques applied were culled from the knowledge base shéuwgune 12.
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A starting point to gauge the curreatate of WEEE management in developing countries
(application domain), an exploratory multiptase study was conducted, which helped study
current phenomena in a reabrld context(Maguire et &, 2010; Yin, 2003a, 2003blpoing so led

to the design requirementsigure 12). The specific case study is embedded, for it includes two
units of analysigYin, 2003b) the first unit is WEEE management in Colombia (coutamel),

while the second is WEEE management on Roatificia Universidad Javeriabss c amp u s
Bogota Colombia. This university e v e | anal ysis compl emented fi
system. Data collection mainly involved participant observat{@att, 1983) structured
interviews(Briones, 2003and docment review i(e. assessments, studies, and official reports).

From there, ActoNetwork Theory (ANT), proposed by Michael Call(f®86)and Bruno Latour
(2005 was wused to analyze case study itkmdnts. i n
ANT is a conceptual framework for exploring setézhnical processes, and it utilizes a set of
concepts known as inflanguage to look for symmetry between human andhwnan actors or
actantsin networks(ComreaMoreira, 2011) This theory has widely applied to studies on the
relationship between technology and society. One indicative example is the analysis of the role of
the main information system within the National Science and Technology SyRiafiael A.
Gonzalez, 2010pr the study of the network dynamics ofgevernment implementation in
developing countriegStanforth, 2006) In humarenvironment systems, analysis that includes
northuman actors is endowed with added relevance given that it identifies the effects of regulatory
mechanisms, among other aspé&tsholz and Binder, 2004)n the same vein, ANT proves useful
when it comes tainderstanding the role of laws in the dynamics of complex environmental
systemgMéndezFajardo and Gonzalez, 2014) short, ANT was used, in conjunction kithe
participation of interviewees, to define historical milestones related to actors, relationships and the
dynamics of agreements.

As part of the design cycléigure 12), the definition of system boundaries was the next step in
the design of tools teupport decisions within tHRES. Consequently, boundaries were defined as
the most urgent decisiofKeen and Sol, 2008)r the focal subsystem within the problematic
situation. This process was based on structured intesweth the relevant actors and took the
location and the links with the system as a whole into account. In effect, the previous process
enabled workshop participants to reflect on topics that went beyond the limits of the simulated
subsystem.

Having gonethrough the previous steps, the conceptualization of an-ageetl model and its
implementation as a computeased simulation were carried out. The ABM was designed using
the Overview, Design concepts and Details (ODD) prot¢Goimm et al., 2010; Mdller et al.,

2013) ABM design took eploratory case study findings and information from the literature
review into consideration. Here, it should be mentioned that the empirical data obtained in the case
study required the complementary implementation of a survey. The purpose of this sasviey w
understand consumer behaviors (as part of the WEEE management system); it was duly included
in ABM design. The evaluation of the ABM was made using sets of experiments with different
scenarios in the model implementedNetLogo5.2.0. In order to esure the best results of the

11



DES both the ABM and its implementation as a simulatiased model ilNetLogo 5.2 were
iteratively validated prior to thBES.

All steps described above were validated and evaluated by triangulation using different
instrumets, in particular structured interviews with experts, experiments and the dialogical
analysis of discussions, questionnaires and documents. Thus, the validatioDBSthe the main

designed artifact was done with TADavis, 1993; Rigopoulos et al., 200&xpert interviews

and experi ments. TAM uses the Likert scal e, w h
agreeo for different constructs related to the
described inChapter 4 Validation foms part of the design cycleF{gure %2), though some

experts involved in the validation process were concurrently relevant actors in WEEE
management, so the specific validation of simulation and dDEf&(the artifact) were performed

not only for the dsign cycle, but also for the application domain or relevance cyélgure 12.

In addition, the weighted sum method used in the design of theentdtia decisiormaking tool

has been widely utilized in research related to the decisions field amefotle, was not
individually validated. Nevertheless, the experiments to verify the implementation of ABM also
included the evaluation of the relations between the defined criteria and the prioritization of
alternatives. Furthermore, a pertinent cpede question was included in the expert interviews
applied before thBES.

Finally, it is important to point out that the experts involved in this research fell into one (or more)
of three main fields: WEEE management, agsaged modeling and decistomaking sciences.

144 Research Outline

Firstly, to define this doctoral researchods ge
key issues in WEEE management within the context of developing countries as part of the
relevance assessment. From there, the methodology (in terms ofa@pprsirategy and
techniques) is described (rigor cycle).

Secondly, as part of the relevance and design cycle, Chapter 2 explains the exploratory case study
structure and main findings through the lens of Atetwork Theory (ANT).

Chapter 3 presents tldesign cycle is presented. This chapter developD#H® design as the
product of the decisieenhancemensgtudiq the design of the ABM and its implementation as a
computerbased simulation and the muttiteria decision making toollhis Chapter alsorpsents
the DES implementation and main findings.

Chapter 4 lays out thealidation ofthe DES and presents the main findings arrived at via the
validation instruments.

Chapter 5, the Epilogue, summarizes the contributions made by this doctoral thesmsirot
outputs, impacts and outcomes (d&gure 13). Chapter 5 also directly answers the research
guestions proposed in this section, traces courses of possible future investigation and details
reflections related to the methodology employed herein.

12



2 Popblematic situatiWBEE THManagemes
i n Developing Countries

2.1 | ntroducti on

Vignette: WEEE Tells Us Sories

Clean, pressedlothes:Strolling through a Bogota park, appreciating thieds and trees, | found this wast
lying on thestreet & -- Figure 21). The image of two families immediately came to mind. The first enjo
some comfort, as they were able to caretlfieir clothes Surely, a maternal figure lovinglyroned and added
pleasant scent®r her children ohusband this loving matron did not know how to properly dispose of h
iron after itstopped working, sehediscardedt along with ordinary waste. Here, the second family came i
play: informal recyclersvho earn a scant income for food and therefore Ha@eome experts adenifying
valuable objects amordEEE They removecetlementswith resale value from the iron before continuiomy
their way searcing for more items of value in atbrnes of the neighborhoad

Figure 2-1: = WEEE scenarios in Colombian streets

Changinglight bulbs and ingenuityAlthough there are postbnsumer programs designed for their colle
tion, bulbs and lamps are commonly found on the streets of Bdgetéeft side). The most shockingesult
of suchWEEE mismanagement isieetng artists who,n a wonderful display of Colombian ingenuity, cre
ate beautiful ornaments by heating tubes and blowing into them. However, they are blind to the pres
mercury andlirectly alsorbthe heavy metalb -- right side) Unsatisfied basic necessities mean that infq
mal recycling, an unimaginably arduous task, represents the sole source of survival for more than 13
habitants in BogotéAs in the case of thaforementionedartists, Iwas astonished to observe what were €
sentially fAmobile buildingso made of cr-deltgidelardb
middle). More than just Colombian idiosyncratic creativity, and caused by myriad reasons, akgcis &
profound meaning in Colombia. To give just one example, it is not unusual to find obsolete fridges thg
been with a family for more than 30 years, despite functioning exclusively ferefiogerating purposes,
e.g.a closet. In the same veimVs and computer screens so old that they could be in a museum rem
fundamental part of households. Fortunately, current WEEE collection campaigns have begun to ens
these objects do not become s our ctethe hedlth opinfdrnhalre-
cyclers still exist € -- right side).
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As described in Chapter 1, although some developing couhtasintroduced legal frameworks

for managingWaste Electrical and Electronic Equipm@WEEE), several studies have cited
inadequate recycling operations as prevalent sources of severe health and environmental effects.
To tackle these issues, policy makers should design strategies fiystemsbased approach that

takes the following elemesinto account: i) different dimensions of the problemtairyets of the
different stakeholdergiji) processes within WEEE managemeand, iv) circular causesffect
relationships stemming from current decisions in both the shoddium and longterms. The

failure to rely on a systems approach represents one of the main hurdles to effective waste
management; this hurdle is primarily distinguished by a lack of coordination among stakeholders
in addition to a lack of design and implementation of suskdéneducation strategies.

In order to identify the requirements for designing a decisitmancement studio (DE®&) foster
systemicity in policyoriented decisioimaking in the context of developing countridgs chapter
explains the methods utilized for the setting and development of an exploratory case study. Also,
in an effort to better understand the context of the research prablemgsults obtained from this

case study are presentad terms of Actor-Network Theory (ANT). Likewisethe principal
findings are discussed to ascertain the requirements for designing more sustainable WEEE
management programs.

2.2 Case Study Setting and Met hods

To study the current state of WEEE management in the context efogawg countries, an
exploratory multiplecase study(Yin, 2003a, 2003h) composed of wo singlecases,was

developed, as follows: The WEEE management in Colombia, South America, and the WEEE
management at thPontificia Universidad Javeriana Bogota, ColombiaThe secondstudy

consists of a singlease in the context of Colombia and a sirggse at th@ontificia Universidad

Javeriana The Pontificia Universidad Javeriania located inBogotg Col ombi ads capi
largest city; the campus population can be considered a scale model of a city in a number of
aspects: population (tHeontificia Universidadlaverianas popul ati on i s roughl
the communityds <civic behavior (citizens), go
budget for investment in infrastructug&rmijo de Vega et al., 2008; Bialowas et &Q06; Jain

and Pant, 2010; Maldonado, 200#) addition, the campus contains natural resource management

and waste generation and management dynamics, among other aspects, that frame it as a scale
model

As recommended by Yi nd6se stundg tinbluaes, the tfolloaving pfoure s e n t
components.

First, it is embedded, that is, it includes two units of analysSigu(e 22). One is related to
decision makers, while the other corresponds to operational roles within the system.

14



Figure 2-2: Units of analysis in the exploratory case study. Adapted {hddm 2003b)

Multiple exploratory case study
Singlecase studyWEEE Singlecase studyWEEE management
management in Colombia at the Javeriana University
Embedded unit of Embedded unit of
analysis 1: analysis 1:
Decisionmakers Decisionmakers
Embedded unit of Embedded unit of
analysis 2: analysis 2:
Operative roles Operative roles

Second,the following questions guided the exploratory case study teiged identify the
requirements for designing a DESsupport more sustainable WEEE management

) Have decisiormakers implemented a systems approach iin degisions?

(i) Is there an organized operational structure for WEEE management?

(i)  What elements have triggered improvements in WEEE management?

In addition to the review of atuments (which included assessments, studies, raports),

decision makers and operative roles related to WEEE Management were incorporated in the
participatory policy design in both singbase studies: with regard to the national level, this meant
policy design for WEEE management; with regard t@ thuni ver si ty | evel
environmental policy included WEEE management. The specific design methods for the two
policies are detailed in Appendixdhd D

Figure 2-3: General policy desigmethodology
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Processes that include
participatory methods

Likewise, actors and processes in committees and technical (operative) groups were observed and
assessed via structured interviews; the interviews are detailed in Appendix E. Deiakiens at

the Pontificia Universidad Javerianaere not he only ones in charge of managing economic
resources at the organizational level, for actors inside University Faceliiesleans, directors

and even researchers, were also granted this responsibility. Therefore, instead of relying on
structured interews, forms were sent to key figufepast and present deans and department
head$® to ascertain the relevant case history and construct a list of milestones later validated by
decisionmakers.
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The third component of this case study consisted of using ANmmtéopret the collected data.

ANT proved valuable for determining relevant facts, actworks (AN), relationships and
agreement dynamics based on historical milestones. In this study, the four constitutive elements of
ANT were defined as follows:

- The Obligatory Point of Passage (OPRprresponds to the focal-W that mobilizes the
system by virtue of its power to establish local networks or impose actiong\sni\or-
der to meet specific interests.

- Thelocal networkentails ANs with clear interactions that stabilize the system and thus al-
low for the emergence of milestones.

- Theglobal networkconsists of ANs not actively participating in policy decisions despite
the fact that they should\ global network also inakdes ANs capable of interfering with
the system or impacting the local network when the OPP is weakened. Local netiNerk A
can directly interact with global-Ns.

- Translationexplains the dynamics between local and global networks by describing the A
N alignment of interests and focusing them on inducing successful action. Translation can
be understood in terms of t heproblematlzaiiowar ng fi mo
how to become indispensabisteressementr how the allies are locked intoggke,enrol-
mentor how to define and coordinate roles andbilizationor how the principal ANs
borrow the force of more passive ones and turn themselves into the representatives or
spokespeople of these more passivig{Callon, 1986a)

The main results of applying ANT are illustrated in the mobilization gragufe 24). Figure 24

helps visually track AN relationships byresenting a timeline, episodes and milestones as they
pertain to, on one hand, the degree of attachment of-lnrglobal network and, on the other,

the level of local network mobilization. For more information, readers are directed to the results in
Section 23.2

Figure 2-4: Graph of AN mobilization in local and global networks. Adapted fréviéndezFajardo
and Gonzalez, 2014; Stanforth, 2006)

High degree of AN attachment in the globaletwork

Most solidprojects !

Milestone [0 A
Low local I High local
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mobilization mobilization

Disaggregated -Ns
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As the previous figure illustrates, theost solid projecis that for which both the highest degree of
attachment of ANs in the global network and the highest lecatwork mobilization occurred.
Solid projects are ones in which al/l actorséo
generatgrojectsin the form of programs, strategies, actions, facts or documents.

Finally, from the designds i ncegtaiscerd, atplhpe omrci
each stakeholder was noted in detailed forms that reported on semantics and wete use
demonstrate conceptual changes that took place later as part of the results.

2.3 Case Study Findings
231 WEEE Management in Col ombi a

Processes

The total WEEE generated by all world regions in 2014 was 41,800,000 tons, of which 53% was
generated in developing countri@lSSMA TM and UNUIAS, 2015) Colombia, a developing
country, has around 48.5 mdh inhabitants, 76% of whom live in urban aréB&NE, 2016)

where the largest amounts of WEEE are usually generated. Assessments indicate that in 2013, the
generation of WEEE in Colombia was around 120,000 tons. WEEE generated in they count
includes large household appliances (24%), IT and telecommunications equipment (17%),
consumer equipment (38%), lighting equipment (13%) and batterieq8&b)et, 2013)

The per capita generation of WEEE in Colombia has incdefisen 3.7 kg/inhabitant in 2009 to
5.3 kg/inhabitant in 2014GSMA TM and UNUIAS, 2015) In order to determine the urban per
capita generation of WEEE, it is important to account for the six differentesmziomic levels in
the country: lomow (22.2% of the total population), low (41.2%), mediow (27.1%), medium
(6.4%), mediurrhigh (1.9%) and high (1.2%Ministerio de Hacienda y Crédito Publico et al.,
2005)

Generic processes related to WEEE management are showigure 25. In the figure,
production refers to international manufacturers and importers of EEE, aaswetital (national)
assemblers, which make up less than 10% of the total. Primary distribution refers to the sale of the
new equipmerd imported or locally assembled directly by the companies that produce them, or
by large and small distribution chains. Wihabsolete EEE is discarded, it becomes WEEE. Some
materials obtained in the pteeatment stage are recovered locally or disposed of in local
(regional) landfills, while some fractions resulting from WEEE treatment are exported and further
processed for etal and plastic recovery. Moreover, disassembling, also called dismantling or
manual processing, aims at separating devices and their @arSH drives, memory cards, etc.)

for subsequent materiegcovery €.g.metals, plastics etc.).
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Figure 2-5: Generic WEEE management processes in Colombia
WEEE Boundary:System of Colombia
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Previous processes only included the formal system, processes authorized by the
environmental authority. In Colombia, as part of the collection and sorting processes, post
consumer programs have been implemented for computers, batteries, lightipghnesguand
mobile phones. Nevertheless, a high share of obsolete devices is collected -tredt@deby
informal workers; in fact, this is a common practice in most waste management activities of
developing countrie€Chi et al., 2011; Guerrero et al., 201Bjformal recyclers dismantle WEEE

by pounding the olects against the ground, for example, which increases potential health risks to
recyclers, not to leads to deleterious environmental effects due to the toxic elements contained in
EEE (Empa and CNPML, 2010; Ledn, 2B1StreichesPorte et al., 2005; Widmer et al., 2005)
The informal sector also recovers some mefigure 26 displays the informal processes as a
subsystem.

Figure 2-6: Informal WEEEmanagement processes in Colombia
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Actors

Generic actors involved in WEEE management in Colombia can be classified as follows:
producers, distributors, consumers, recyclers (formal and informal) and the Government at
national, regional, local levels. Recyclers usually play the supplementaryfrotdlectors. A
National WEEE Committee (NWC) was created in 2014 to advise in matters related to policy
decisions and followup policies, strategies and programs. As promulgated by the Law 1672/13,
the NWC must establish the mechanisms for negotiating tivé private sector; identify sources

of financial support; and, support research and related technological innovations. The NWC is
made up of associations that include groups of producers (ANDE Asociacion de Industriales

de Colombiaand CCITi Camaa Colombiana de TelecomunicacionesColombian Chamber of
Informatics and Telecommunications) and distributors (FENALC®e Federacion Nacional de
Comerciantes as well as theMinisterio de Ambiente y Desarrollo SostenifMADS), the
Ministerio de Proteccion SocigMinistry of Health and Social Protectiprthe Ministerio de

TICSs (Ministry of Communication and Information Technologiesand the Ministerio de
Comercio, Industria y turism@linistry of Commerce, Industry and Tourisnio round out the
committee, two delegates from authorized WEEE recyclers, two advisers and one representative
from theCentro Nacional de Produccién Mas Limpi@NPML (theNational Cleaner Production
Centej were added. Last, but not least, the NWC coantthe support of international experts.

Past Actions and Current Necessities

According to the interviews, the historical evolution of WEEE management in Colombia
(described inFigure 27 ) really did not begin untiko200C
program was inaugurate€¢mputadores para Educam Spanish- CPE). CPE focuses on EEE
refurbishment activities and seeks to provide donated computers to schools in order to help bridge
the digital divideg(Marthaler, Christian, 2008)

Figure 2-7: General WEEE management timeline in Colombia
A 2000 é 2 0 0 72010 2012 2018 2014 2015 A
The program Swiss Technical Regulations for Take-back The national The participatory
fiComputadores support in WEEE some WEEE was programs (for Law for WEEE  design of the policy fc
paraEducao management passed (computers, computers, lighting, management WEEE managemen
(Computers for started lighting, alkaline and alkaline was passed was made
Schools) started batteries) batteries started)
A voluntary take back A technical The technical The national Committee
program for mobie committee was committee was for WEEE manage ment
phones started created dissolved was consolidated

Taking into account these past facts and their results, as well as the latest reqWaER#ES,
management components were prioritized by the stakeholders interviewed on the basis of what is
needed in the shertl year), medium(between 1 and 4 years) and lefigiore than 4 years) term

to i mprove Col ombi abable 20)E E B impodantata legiigh that this
prioritization helped identify the most important decisions to be made later in thed&kffed in
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this doctoral research. That is, their prioritization does not represent the rediheason
relationships between causeslaffects observed in the case study.

Table 2-1: WEEE management components needed in Colombia per NWC member prioritization
(short, medium and longterm)

Elements of WEEE Management tdStrengthen or Implement

Strengthen strategies to increase thkek of WEEE from users: awareness, education, incentives and sanct

Strengthen the role of educational institutions in Colombian education and research (high schools and uni

Formalize informal / serdiormal recycling

Implement citizeroriented strategies for environmental education and WEEE awareness

Strengthen strategies related to producers and marketers in the form of penaltiespfartiogration in takeback

Implement takeback (collection) points and strategies related to market chains; from providers to end user

Reduce WEEE linked to responsible consumption of EEE (generate less WEEE)

Design and implement new recycling plants

Strengthen producer incentive systeto promote recycling (cleaner production, responsible desigulesogn,
etc.)

Strengthen the role of producer and marketer guilds

Design and implement selective routes for WEEE collection (public or private)

Implement economic/takased incentive®r collecting / recycling / disassembling / refurbishing businesses i
order to increase their technological capabilities

An important finding was that the most urgent action (in the dbam) for improving current
WEEE management in Colombia consisted of designing and implementing strategies aimed at
increasing WEEE consumer collection rates. Complementarily, educatioala@areness
programs were shown to be relevant, representing the second and fourth priofiibki21. In
addition, informality in recycling (including informal collection) was found to be a serious issue;
this aspect was related to consumer behavior.

Furthermore, a list of causes and observed effects related to current WEEE management in
Colombia was poritized by NWC members and the generic actors who attended activities of the
participatory policy design (among them the Swiss experts and academic scholars). This
prioritization is shown imable 22, along with the structural or most dependent ca&tesctural
analysis based on the matrix of influeneddICMAC (Godet, 1993was used; see Appendix C

for more information.
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Table 2-2: Prioritization of structural (or most dependecdlses

Causes of Insufficient and Inefficient WEEE Management in Colombia

Poor interinstitutional coordination

Poor regulatory framework for legal implementation

Lack of ongoing training of public staff

Poor cooperation among (public amdvate) institutions

Poor integration of WEEE management in national educational programs

Insufficient monitoringcontrol by the Environmental Authority with regard to formal and informa
sectors

Lack of Information Systems to support monitoring andtia activities

Poor general dissemination of information (related to the differentiated WEEE management) tg
sumers (including the obligation to deliver WEEE to the formal system)

Poor monitoring of the Extended Producer Responsibility to implepestconsumer programs

232 Acthhat works and Mobilizati on

Col ombi adbs WEEE Management

Laws, Acts and Policies were the main mechanisms to tackle previous causes, effects and
necessities (see Tables 2.1 and FRure 28 shows local (shaded area) and global networks in
terms of Law 1672/2013 and the participatory design of the natiohey [(p014-2015) within the
timeline Figure 27 above). It should be noted that, as A{lLatour, 2005)states, the term actor
network (AN) encompasses not only human but also-maman actors, such as documents and
laws.
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Figure 2-8: Local and gl obal net works in Colombiads WEEL
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Explicit relationships or links between-Ws are not displayed iRigure 28, for their complexity

would render the graph incomprehensible. Furthermore, relationships change, have different
strengths, include feedback loops and result in high interacgasitg. For instance, the local
network involves ANs that have participated in all relevant moments (detailed below), but the
global network includes actors not actively participating in current decisions, despite the fact that
they should be. To name jusvo examples: consumers and Mimisterio de EducaciofMinistry

of Education, which influences education related to consumer behavior. Although &k A
involved in the NWC have taken part in the local network, the Educational Authority has not sent
any representatives yet.

[ M

| cNPML |

grams(computersand batteries]

Mobile phone
service operator:

Voluntary agreementeached
by Mobile phone operators

The MADS has participated throughout the entire timeline of WEEE management in Colombia;
likewise, it has convened other actors, published regulations and laws and supported assessments
and studies (see Timeline gure 27 above) In light of this active participation, and due to the

fact that any project or action anMwants to realize must be approved by this institution, it can

be | abeled the systemdéds OPP.
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Based on a review of interviews and documents, the milestones (dizatodoa moments) in the
evolution of Colombian WEEE management, in addition to tHésAnvolved in each milestone,

were identified as shown iRigure 29. The starting pointMilestoneO in Figure 29) was the
creation of the CPE program in 2000. Subsequears have witnessed parallel episodes. On one
hand, private companies have increased their interest in computer donations, spurred by the
younger generationds push to provide | T acce:
the disposal ofstill usable computers. On the other, since companies previously were not
financially responsible for the management of this waste, they had an economic interest in their
efforts for the first time. Additionally, their engagement also served marketingpgaspand
resulted in a decrease of tax payment (a tax break earned by virtue of their engagement in
corporate social responsibility).

Figure 2-9: Mobilization of actors in local and global networks witldro | o mbi ad6s WEEE ma
ment
Milestone General Description
. . 0 Computers for Schoojsrogram was created
High degree of AN attachment in the global network 1 TheSwitzerland- Colombia cooperatiorstarted
Solid 2 Computer and mobilghone working groups
(6) project started
3 Regulationsfor computersandlighting were
passed
6 ThepostconsumeprogramsEcoComputp
. 4 LuminaandPilas con el Ambienterere
Low local network e, (D High Iocalbli'llieztv;/ior: implemented
mobilization \~F mobiizatio 5 Thenationallaw for WEEE managementvas
@ passed
Increased involvement of stakeholders in the
DisaggrecatedA-N 6 participatory design of national policy on WEH
9oreg management

In parallel, the government started to design regulations for hazardous waste management under
pressure to comply witnternational agreements,g.the Basel Convention (1992) or the Kyoto
Protocol (1997) and domestic laws,g. the National Environmental and Natural Resources
Management Law (1993). As a result, the Hazardous Waste Management Act was passed in 2005,
generating further pressure on tmelustry. In 2007, an agreement between Switzerland and
Colombia was signed (Milestoriein Figure 29), with the participation of the most relevariNA

Note that local network mobilization increased as a factor oirtezessemenor attraction of
interests: thanteressemenwas, on one hand (for the OPP), prevention of environmental impacts,
compliance with the hazardous waste law and international sustainability requirements; on the
other (forEmpdSECO, the Swiss representatives), it was gearedrdswsupporting developing
countries in WEEE management. This Swiss initiative, which started in China, India and South
Africa as -Wahset efi SPwiosgsr aen, 0 was extended to Co
During the first two years of this collabomai, local network mobilization of the-N and global

network attachment increased. Together, such increases facilitated the creation of the computer
and mobile phone working groups (Milestadé Figure 29) and EEEand WEEE management
assessments. Thettlr achievement, the assessments, still resonates as important technical
documents that support decision making.
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Il n 2009, the | ocal net work members conducted a
Switzerland in order to obtain primary informati@n the design of WEEE strategies for

Col ombi a. Pursuant to the Astwudy tour, o0 the wo
member sdé6 divergent particul ar i ANt aggregaiansand whi c h
local network mobilization (®Figure 29). However, out this crisis, a crucial step was taken: the

OPP decided to pass regulations (2010) so as to achieve a mandatory collection of computers and
lighting equipmen{Milestone3 in Figure 29).

Through a shift in the leadership of thepducer representation to ANDI, the composition of the
local network changed and mobilization and participation increased. Threeopssimer
programs (PCP) for collecting comput&cpComputy lighting (Luming and alkaline batteries
(Pilas con el Amlante wasteemerged as a result of these efforts (Miles#bimeFigure 29). The
interessemento achieve this milestone stemmed from two primary (interrelated) motivations:
computer producers and importers wanted to comply with the law and to avoidgseriethe
economic opportunity presented to authorized recyclers, representing savings for producers, also
played a role. On account of the lack of regulation, experience from the second working group
(mobile phones) resulted in a weak voluntary agreefmgisome mobile phone service providers

to implement collection points for consumer equipment (phone service subscribers), which would
then be passed along to authorized recyclers.

The National WEEE Management Law was passed in 2013 (MileStan&igure 29), and the
National WEEE Committee was established in 2014. In conjunction, the creation of the committee
and the passing of this 2013 Law were the culmination of a process begun in 2010 byNscal A
Implementation of regulations, and relatect?) since 2010 have demonstrated the importance of
legislation in terms of achieving increased WEEE collection rates. PCP dynamics have proved
helpful as a learning process to avoid failures in complete system implementation (all WEEE EU
categories).

At present, theMADS, with the support of the CNPMLEmMpadSECO and thePontificia
Universidad Javerianas designing the instruments and regulations needed to implement the Law
and a control system. The NWC has been a part of this process, mainly as pegality design
(Milestone 6 in Figure 29), which has become thmost solid projec{seeFigure 29). Their
involvement seeks to align the interests and motivations of the rest of the actors in local and global
networks (AN enrolmeny}; likewise, their nvolvement looks to help achieve a more sustainable
implementation of the chosen strategies. The use of participatory methodologies to identify the
causes and effects of the current, insufficient WEEE management system in Colombia, as well as
the relationkip among causes, definition of structural causes and design of strategies and action
plan as part of the policy, have increased the confidence and motivatieiNgf which, in turn,

has strengthened global network attachment toKgpee 29).
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233 Uni verys Campus as City Model

Within the WEEE management system at the city or country levelHgeee 25-Co | o mbi a 0 s
WEEE management processes), a university plays the role of consumer. Nevertheless, as the
second singkease study, thPontificia Univergdad Javerianaxploratory case study was focused

on interior processes and actors (decisiakers and operative roles); in and of itself, these
constitute a subsystem with additional elements of a WEEE system that encompass much more
than consumption.

The Pontificia Universidad Javerianaas two campuses. The main campus iBagotg this
campus was the context of this singbse study. The second is located in Cali. Bogota
campus has a population of around 22,000 people, with students accounting for 71% of the total
and scholars/professors for 17%. Waste management, includitgEWis led by the Campus
Administration Office (CAO), which manages campus investments in infrastructure and
coordinates the logistics of all administrative processes; the CAO also handles WEEE on a daily
basis in the form of specific elements that entdiastructure, processes and human resources.
Although there are no reliable data regarding waste generation, the management processes are
clearly delineatedHigure 210). Such processes include separation of consumer equipment (TVSs,
photographs and aigd equipment in particular), ITC equipment, lighting equipment and large
equipment from laboratorieg.g.ovens or refrigerators). Equipment that still works is either sold

to the administrative staff or donated to regional social projects (especialputzs).

Figure 2-10: General WEEE management processes on the Javeriana Campus. Adap(btéfrdez
Fajardo ad Gonzalez, 2014)
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A-Ns actively involved in local and global networks are showable 23. The OPP is the
Campus Administration Office (CAO). The CAO is responsible for designing, building and
maintaining infrastructure investments. The head i3 diffice is the primary decisiemaker in
terms of planning, designing and implementing SWM infrastructure, in addition to developing
related programs and campaigns.
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Table 2-3: Actor-Networks Actively Involved in Solid Waste Management (including WEEE) at the
Pontificia Universidad JaveriariféndezFajardo and Gonzalez, 2014)

Actor-Network (A-N) Units/Faculties/Groups Involved

Campus Administration Office (CAO) -

Department of Ecology and Territory (DET) -

Environmental Administration Group (EAG) CAO and administrative employees from the primar
hazardous wasigenerators*

The Environmental Committee (EC) CAO, SFE**, SFES***

Vice-president of the Welfare Office, which is respo| -
sible for the Healthy University Program (HUP)

University Environmental Group (UEG) CAO, SFE**, SFES***, SFAD**** and Academic
Dean of the Environmental Sciences Faculty

Plans for SWM (ordinary and hazardous waste) EC

Environmental Management System (EMS) docum{ CAO, SFES ***

Safety protocols for hazardous waste management| CAO, SFES***, Administrative Staff from the Scieng
within the Sciences Faculty es Faculty

* Sciences, Medicine, Odontology, Engineering, Arts, Architecture & Design Faculties, as well as the University Hospihbldrs from the
Engineering Faculty; *** Scholars from the Environmer8alences Faculty; **** Scholars from the Architecture & Design Faculty

In addition to the ANs identified in the table above, two-Ms emerged as relevant to WEEE
management: (1) employees as the primary consumers/generators of WEEE on the campus; (2)
University Purchasing and Supplies Direction (UPSD), which is responsible for EEE purchases. In
this respect, Faculties would become crucial if WEEE management were refocused on responsible
consumption. The UPSD would also take on added significance dug tole in responsible
consumption insofar as they were related to concepts such as green supply, brands with green
labels, etc.

The moments of #&nslation at the university are shown kigure 211, and the complete
descriptionis included in Appendix A.
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Figure 2-11: Mobilization of actors in | ocal and gl obal
agementMéndezFajardo and Gonzéalez, 2014)

High degree of AN attachment in the global network Episode GeneralDescription
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4 University Recycling Program in Bogota (PRIES per its
acronym in Spanish)
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mobilization ) mobilization 7* Javeriana Universityés Ec
Disagregated\-N
developed
8* Javeriana University creates an Environmental Managem:
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* Thesemilestones(Nov. 2015, 2016)ere achievedafter the singlecasepublication(Dec 2014)

Mobilization of A-Ns through the moments of translation displayed above began after the National
Healthcare Waste Management Law was passed in 2Wi8stone O in Figure 211). Of
particular importance were the necessary adaptions of the physical infrastructure in the Sciences
Faculty building and the protocol for hazardous waste manageMéestonel in Figure 211).

To wit, all milestones emerged fromhi s | awds requirements, whet
instance, the campaign to collect obsolete mobile phones and accessories iMiR3A8NE 3 in

Figure 211) and the leadership of the University Recycling Program initiative (PRIES per its
acranym in Spanish) in Bogotavijlestone4 in Figure 211) emerged for two main reasons: the
hazardous waste management legal requirements (2005) and the formalization of informal
recyclers inBogota (2010). For the milestones described, these regulations ameca&l in that

they aligned the interests of the OPP and relevaNsAvithin the system.

Similar to the situation observed at the country level, there were important networks of informal
collection and recycling on the campus, which involve, for thetrpart, security staff, cleaning
staff, laboratory staff and secretarial staff, all of whom collect not only WEEE but also paper,
cardboard and plastics from offices and sell it off campus.

Finally, a fact worth highlighting is the move towards a mostesyisbased approach achieved by

the policyds approval a n d8 irs kighre &1d)uoa dth obtpee r a t |
Javer i an a 6 Bogoth anc [Caliy especidlly given that it represented the first time
something of this nature happened atRbatificia Universidad Javeriana

2.4 Di scussion and Design Requirements

To reiterate, the questions ased for this case study were:

) Have decisiormakers implemented a systems approach in their decisions?
(i) Is there an organized operational structure for WEEE management?
(i)  What elements have triggered improvements in WEEE management?
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To more thoroughly answer these three questions, the elements of a systems approach (presented
in Section 2.1) should be recalled: i) different dimensions of the problentarggets of the

different stakeholdersiji) processes within WEEE managemeand iv) circular causeeffect
relationships stemming from current decisions in both the-smoedium and longterms

The first question refers to the decismma k er 6 s appr oach. Al-nakessugh t h
incorporated different dimensions and (amioaally) different actors, programs and strategies
regarding WEEE management, they failed to account for a -gausal analysis, multiple
management stages and knowledge gleaned from past experiences in an explicitly methodological
way. Regulations, lawand guidelines include keywords chosen to foster more systemic actions.

In spite of this, two main situations emerged. First, the content of the documents has not been
implemented (as was the case foildgtone2 at thePontificia Universidad Javeriansee Figure

2-11), so they have been relegated to unimplemeygedocumented ideas. Second, some
implemented strategies did not include systemic design; thus, only partial solutions have emerged
to address the structural causes of the problems to date, foakexample, the focus of some
recycling programs on physical waste collection artifacts, such as bins, to the detriment of
educational strategies and continuous information campaigns vital to fostering consumer
participation. Situations of this naturgere observed in Colombian cities and tRentificia
Universidad Javeriandn consequence, trashcans are frequently filled with mixed waste, making
the recycling processes inefficient. Further confirmation of thesystemsbhased approach in
decisions isattested by the lack of reliable data on waste generation and the increasing levels of
informal activities in collection and recycling.

Decision making did not follow a systemic process at the country or university levels. In the latter
case,themainmootv at i on was the authorityds requirement
decisions were made with an emphasis on deom solutions. What is more, decisions usually
flowed from the campus administration area (to the exclusion of other areadgasidns looked

to address daily problems. There was no systematic defined set of criteria to facilitate the
prioritization of issues that require investmengsy. infrastructure development, educational
campaigns or natural resource management (watergg ecosystems). Nonetheless, some
successful projects were initiated, attributable to interest from scholars; however, these scholars
have not been actively involved in decisimaking. Yet, there are positive signs: due to the
recently passed envirorantal policy, various scholars will be brought in to the decisiaking

process as advisers for the new environmental committee charged with designing and
implementing future strategies.

At the country level, informal recycling, discarded WEEE in publ&aa and sanitary landfills,

low rates of WEEE collection, low consumer participation, high levels of smuggling and low EEE
quality in markets collectively demonstrate the absence of a syb&sed approach to decision
making. A primary cause is rooted time inadequate cooperation among relevant adtershe

lack of coordination among public and private organizations and even within the public sector.

The second question addresses the organizational structure needed for WEEE management. The
operatiomal structure, albeit extant, proved insufficient for effective WEEE management in the
country and university cases. This research has shown that the most important operational roles in
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waste management for the two singheses €.g.the environmental authiby at the national level

or the logistics director at tHeontificia Universidad Javeriaphave several responsibilities, even
outside of the waste management field. Moreover, the lack of information systems, to name one
example, available to supportaigonmaking and related activities represents one of the most
conspicuous weaknesses of the management system. This lack resulted in a veritable dearth of
information regarding waste generation (amount of WEEE generated), generators (actors
generating wste) and flows, among other aspects. That being said, one sign of progress is that, at
the outset of this exploratory study, neither Colombia noPthdificia Universidad Javeriaread

a related policy, which has been remedied today.

The third questionpposes the identification of elements that have triggered improvements in the
WEEE management in each context. In addition to the need to comply with public laws, the
particular interests of relevant actors have motivated the OPP in each systedhA@IEe in
Colombia and the CAO at thBontificia Universidad Javeriahdao promote the design and
implementation of strategies considered milestones (Figures 2.9 and 2.11). Since positioning and
marketing are key for equipment producers or large consumers, suchmigersities, both
Corporate Social Responsibility and Corporate Emmental Responsibility, usually measured
through project impact, have come to form a pivotal step in improving waste management.

Looking specifically at the university case studywrhi ch educati onrasos t he
d 6 °, decigionmakers are interested in turning the campus itself into the subject of education.
Beyond external requirements imposed by local, regional or national environmental authorities, in
house motivatione.gboosti ng Corporate Soci al Responsit
positioning both nationally and internationally, prompted the primary decision makers to support
policy design activities. Therefore, the latest actions regarding waste mardgemnot merely a
reaction to requirements, but rather are part of a strategy crafted to strengthen Corporate Social
Responsibility. Of note ardilestones5 and 6 (Figure 211), which emerged as preventive
strategies. The massivesarvey Milestone5 in Figure 211) was part of the participatory design

to elicit appropriation of the policy by the
(for detailed results, see Appendd. Moreover, this nomuthoritydriven strategy may also be

applied to the implementation of the PCP for batterigslgstone6 in Figure 211). It must be

granted that Milestonéewas al i gned with Col ombiads WEEE |
battery program increased the awareness of responsible consumption ivénsityrgommunity.

More than five years elapsed between the first attempt to design and pass a policy related to
WEEE management (at the national level) or environmental management (at the university level)
and the realization of this goal. The introduntiof a facilitator to methodologically guide

discussion and dialogue among actors catalyzed both processes. At the university, this was
apparent due to the environmental policy legalized in November 2015 and, in the final step, the

national WEEE policy cuently under review by théVIADSO6 s | egal ar m. Th
understanding about the alignment of actorsbo
projects: a policy should be made public as the framework for designing subsequent laws and
reguat i ons (whi ch, in turn, guide the | awds im

Management Law was passed in 2013, whereas more successful policy design only came about in
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2014 and 2015, around the same time as the design of the regulationltitdriegallybinding
annual collection rates for producers. In this legislative context, calls to attend policy design
activities were led by th®IADS (the OPP at the national level), the same actor actually designing
the corresponding regulations. Thigeetively prompted actor mobilization and made it easier to
achieve the required participation.

Lastly, additional elements were observed during the policy design that should be taken into
account for sustainable WEEE management implementation: i) e garson should represent
actors in local networks throughout the entire process; ii) this representative should be interested in
the topic, rather than view it as an obligation; and, iii) as-lmaman ANSs, there should be
detailed reports of all stratieg designed and implemented, along with key elements (actors,
actions, type of WEEE, failures, successes, possible future problems and consequences, among
other) and complementary strategiedgeafactoacknowledgment of the fact that achieving project
sustainability requires time and resources.

241 Design Reguirements

The answers presented above depict the current state of WEEE management in developing
countries. Clearly, there is noticeable contrast between the current state of affaisstainable
system. As demonstrated by the interviews and literature review, a more sustainable system would
eradicate WEEE in public areas or sanitary landfills, do away with informal recycling, achieve
high rates of consumer participation in PCPs anctldgvregulations and infrastructure to handle

all WEEE categories and combat lgwality EEE on the market. An ideal system of this nature
would also reinforce formal recycling via the implementation of infrastructure in an effort to
recover valuable mateaits in the country.

The gap between the current system explored in the case study and more sustainable systems is
explained in terms of design requirements, illustrateeigare 212 below.

The implementation of all listed requirements would ensure WEBRagement was on a more
sustainable path. Requirements includrmation (IT) infrastructurgelated aspects (R1 and

R2), as well as physical infrastructure (R3); others are associated with human activities, such as
education, participation, cooperatiand decision making (R4R8).
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Figure 2-12 Design requirements for more sustainable WEEE management
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Public policies are advantageous when bringing together these requirements to form the basis for
strategy and program development; however, the design of sustainable policies means
requirements such as participation (R5 and R7) and cooperation (R4) barowariooked.

I n I'ight of this doctor al resear chos-mdkiogcus o
processes, the design will not broach all requirements. In other words, the denlsamtement

studio (DES) developed herein included three main elements:lepédecisioamakers and
facilitator), processes that guided stedioas the main facilitative environment for decisions and

a set of technological tools that integrated technological tools and protieels and Sol, 2008)

Thus, requirements explicitly incorporated into the design of the DES (see Chapter 3) are as
follows: R5 and R8 are related to gendd&S goals, while R3, R4, and R7 are related to specific
technological tools goals.

31



32



3 The De-EnbBaoonoe me ot Sowdr ds Mor e
WEEE Management

3.1 Sustainability and Decision Making

As described in Chapter 1, global agreements on sustainable development have affirmed the
relevance WEEE management. The effects of such management are more impactfubpirdgvel
countries. The exploratory twoase study presented in Chapter 2 revealed the absence of a
systems approach in decisioraking. This absence emerged as the main structural cause of
unsustainable WEEE management in Colombia. In an effort to implemesystemsbased
approach (or a process closer to a systeased approach) to waste management, Decision
Support Systems (DSS) have been integrated into the simubatg®d models, for an integrated
approach serves, for example, to guide decision makiggrding landfill allocatiorfAlves et al.,

2009; Antanasijevic et al., 2013; Kollikkathara et al., 20Rdirther still,this integration allows

for a conceptualization of the role of computers within decision making in order to better
understand and thereby improve the decisi@king process. However, decision enhancement
studiostake this one step further, given that they serve as a management lens through which it is
possible to significantly enhance executive decision making via a fusion of human skills and
technology DESs apply this fusion to areathat combine people, proses and technology, and in
which, generally speaking, the impact on decision making has to date been quite (kegéad

2011; Keen and Sol, 20Q8)he present doctoral thesis engages people, processes and technology
using aDecisiorEnhancement Studi@ES),designing a DES that accounts for relevant actors in
WEEE managementni Colombia, the facilitator (people), thetudiad the main facilitative
environment for decisions guided by a protocol (procedsas)l tools such as a compubased
simulation, a multcriteria decision table (technological toolsTT andquestionnairessgeFigure

3-1).

Figure 3-1: The decision enhancement studio (DES)

What you are
goingto doisé
Target
decision

O

.

® ® ® Policy-makers

O Facilitator
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As detailed below, th®ESS goal is broader thantheTT6 s g o &-T sonsist$ biaa agent
based model (ABM) implemented as a compii@sed simulation usingetLogq a multicriteria
decision table implemented in Excel Microsoft Office and a questionnaire included in the DES
guideline.

This chapter describes the design of tskdio and the TFT s and outlines t h
implementation. In Chapter 4, the results of this DES, in addition to its validation, are discussed.

3.2 ThBPeci-Enbanc &me iDiES

When defining thédDESO goals, it is important to review the types of decisipreposed by kKen

and Sol (2008), who argued for six categories:

i) Urgent decisionsignificantly affect customer relationships, market strategy or corporate fi-
nancing, etc.

i) Consequential decisionsave a range of HfAadequacy, 0 in whi
to make adjustments and limited downside risk. Here, the DES contributes to the transfor-
mation of the decisiemaking process.

iii) Non-avoidable decisionare ones whose contributions cohsit encouraging involvement
that | eads to commitment, and, in turn, help
imposed by some stakeholders

iv) Non-reversible decisionare decisions where some parties are not comfortable committing
to a decisioneven though said parties are aware of
guences. Therefore, these decisions often form the basis of decision avoidance.

v) Packed with uncertainty decisiongean the DES should include simulations to make a rec-
ommendation oc onsensual forecast, i n particular v
analysis.

vi) Wicked decisionemerge from a conflict of values and the difficulty of making trefie.
In these scenarios, the DES provides a forum for building a mutual undergtahdiews,
shared scenario evaluation and collaborative efforts to reach an agreement with a commit-

me nt t oo Md od d toiwo n . Thus, the main contribut.i

tial decisions, to improve the process.

The DES has, as a gendrgoal, answering the research questions posed by this doctoral thesis,
whereas the goals of theTrare more specific and tailored to the structural causes of insufficient
and inefficient WEEE management in Colombier the results of the exploratory eastudy
(Chapter 2), requirements responsible for driving the design dDEtare R5 and R80OESH s
goals), while R3, R4, and R7 are responsible for driving the more spedifigoals
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Figure 3-2: Requirements used for designing the decigiohancement studio

2 T
Implementationof physicalinfrastructureand programsto increase/NVEEE collection -
o and formalrecycling -
i i
% Clear andopendefinition of responsibilitieof differentactorsto facilitate coordination - g
= g o amongpublic and private institutionsand motivate cooperation Q E
> £ E
% % _ Createstrategiesaind opportunitiesto facilitate participationand engagemenbf relevant ~ »g §,
gg actorsin decisionmaking 4} %
2= o=
g | Design and implementation of incentives to increase EPR practices and stimulate congumer 5
3 participation E
_ Support ofacademic an@éxpertsto designandimplementmoresustainableVEEE =
\ ) managemenprograms \ )

In other words, thdDESH gjoal was directly related to the definition of a systems approach:
cultivating an environment in which different pointswvaéw (actors) are shared, learning about
WEEE management processes so as to add different dimensions to the discussion and raising
awareness of the circular cateféects underlying current decisions with regard to shorédium

and longterm decisionsThus, the DES'goal was formul ated as foll
affect sustainability in WEEE management i n (
outlined, this representsvackeddecision, whereathe T-T goal, identified by the tevant actors,

was to answer the following question: AHOw

corresponds to amgentdecision.

The DESH general structure can be broken down into four main paatsl€ 31), although it was
one fourhourlong meeing with a coffee break.

Table 3-1: GeneraDES Structure
Description ofkey concepts
— — 20 mins
Description ofgeneraland specific goals
Explanation of thestudidd s met hodol ogy 20 mins
Development of thetudio
Individual decision making (groups of 2 or 3 people) 60 mins
Using Coop4SWEEM .
Analyzing the Multicriteria decision tool 40 mins
Group decision making 50 mins
Questionnaire, TAMvalidationand general suggestions || 15 mins

As part of the ¥Ts, an ABMwas designed and implemented as a com¢adeed simulation (see
Section 3.3), in addition to the development of a muriteria decision table using the weighted
sum method and implemented in Excel (see Section 3.4). Section 3.5 details the DES setup.
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3.3 Coop4 SWEEEMe -BAageendt Mo d e | and Simulation

Agentbased modeling may be defined as a computational method that allows for the creation and
analysis of models, as well as model experimentation; these models are made up of agents that
interact in thedecisioama ki ng process deci si (&ibert,2007XAgentn an e
based modeling helps discover possible emergent properties from a -bogttperspective and

allows for the representation of phenomena (as do other meadglgquationbased models).
Furthermore, ageriased modeling makes it possible to simulate complex situations with limited
information, limited possible responses, limited material ressuesel limited computational
capabilities. Nevertheless, the effectiveness of ABMs largely depends on agent organization and
coordination roles within the modéDam et al., 2012; Nikolic and Kasmire, 2013) generic

ABM structure is shown ifrigure 33.

Figure 3-3: Generic ABM structure. Adapted frofKnoeri et al., 2010)

Social structure Environment
A Relationships A Natural
A Rules A Artificial
{1 v n
_( y A 4 ?
Agent 1] |
A Decision |

making J-‘

In order to design the ABM, the Overview, Design concepts and Details protocol (ODD) proposed

by Volker Grimm in 2006 was used. The ODD protocobkkshed a standard for describing

ABMs (Grimm et al.,2010; Grimm, V. et al., 2006nd has been widely used in the scientific
community (Muller et al.,, 2013) The ODD pr ot ocol 6H&bleg3)nwas a l str
adapted to design an ABM dubbe&doop4SWEEEM(Cooperation for Sustainable WEEE
Management).
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Table 3-2: ODD structure for the design Qoop4SWEEENGrimm et al., 2010; Muller et al., 2013)

Purpose

3.3.1. Overview Entities, state variables and scales

Processeseverview and scheduling

Basic principles

Individual decision making and sensing

3.3.2. Design concepts . . .
Interaction, collectives and heterogeneity

Stochasticity

Emergence and observation

3.3.3. Details (translation of the conceptual AB| Implementation details
into a computebased simulation)

Initialization and input data

Submodels

Each item included ifable 32 is explained below. Additionally, Section 3.3.3 describes aspects
related to the implementation of this ABM in the free softwdetl0go5.2, which is a platform

for building and analyzing agebfised models and a staple of ageaged modelingWilensky,
1999)

331 Overview

As part of the ODD protocolfgble32) , t he Aoverviewdo covers the
regarding fientities, state variables and scal
s ¢ h e d u heserthgee éleme&nts are developed below.

ODD starts with a concise summary of the overall purpose for model development. Since the
urgent decisionwas defined asiHow can consumer b etheagoal ofr be
Coop4SWEEEMbecomes a display of coopéipbn scenarios between EEE producers and
distributors, which is crucial for the implementation and operation of-qu®&umer programs
(PCP). In turn, these PCPs rely on incentives to encourage consumers to return their WEEE
through the formal system.
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Figure 3-4: Boundaries of WEEE management related to the collection process
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Here, two key points should be clarified. Firstly, WEEE refers, for the present purposes, to ICT
equipment (or similar), such as mobile phones and computers, for they require different logistics
than, say, large appliances,g. refrigerators. Secondly, iker seconéhand distribution/use
processes nor recycling (pneatment) activities were included in the ABM. These two caveats
should make it clear thaioop4ASWEEEMvas designed for policy makers, for those who make
decisions about PCPs as part of WEB&agement in urban areas.

In the ODD, an entity is considered a distinct or separate object or actor that behaves as a unit and
may interact with other entities or be affected by external environmental fdotdings research,

entities were agents, anthe environment was divided into the two following areas: the
Amotivation to cooperate areaod and the dAurban
implemented. For their part, agents are a collection of autonomous interacting entities with
encapslated functionality that operate within a computational world, thus allowing for the
representation of agent behaviors in light of their past experierig&#gback and Grimm, 2011)

The entities utilized ilCoop4SWEEEMvere identified through the case study (¥able 33).
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Table 3-3:

Entities of theCoop4SWEEEMBM

Entity Type Description

Producer Agent Represents the producer within WEEBnagement
Distributor Agent Represents the distributor within WEEE management
Consumer Agent Represents the consumer within WEEE management
Postconsumer program Agent Represents the artifact that generates decisions in prody
(PCP) distributors and consumers within WEEE management

Motivation to cooperate areg Environment

Represents the dynamics of the motivation to cooperate
producers and distributors

Urban Area Environment | Represents an urban area where the PCHmplemented
and where consumers act
AiState variables and scaleso are def i Tak

by

3-4. However, two additional variables are a function of agent actions: potential pollution
(expressed as a percayg, a function of the WEEE not returned by consumers via formal

systems; and the
expressed as a percentage).

gap between fAmotivation to

Table 3-4: Agent atributes inCoop4SWEEEM
Entity Attribute Unit
Motivation to cooperate Percentage
Producer
Resources Units of money
Distributor Motivation to cooperate Percentage
WEEE Units
Consumer Main interest Interest
Money received Units of money
Postconsumer program (PCP) WEEE collected Units
Resources bag Units of money
Motivation to cooperate area Spatial variable Coordinates (xy)
Urban Area Spatial variable Coordinates (xy)
The PCPs included in this design were define

boxes) physically placed at EEE points of sale in addition to a variety of incentives aimed at
influencing consumers (in an effort to increase the amourVWBEE collected). The PCP
represents the triad of produadistributorbox (seeFigure 35 ) , i n which

Adi

stri

butoro rep

resent real (generic)
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strategies were coupled with consumer moe@s. The incentives considered in this model were
economic and social in nature.

Figure 3-5: Producer, distributor, (PCP) box and consumers in Coop4SWEEEM

Consumers

Distributor

As mentioned, t he i ¢ontwoi zones (ved abte (33 abave): the (filsti t i n
represented the cooperation dynamics between producers and distributcraof&lbl) by

situating them into the two activity areas [
cooperat e. 0 Trtanedcensumer dynamican(Suodeld?) in an urban area.

Motivation to cooperateo in producers and di s
esul ts. It is useful to classify the amgents I
motivation to cooperateodo areas. Similarly, t
whether or not to formally recycle their WEEE were designed using the data obtained in the
massive survey of thieontificia Universidad Javeriabas ¢ o m asuthe iSutmyodel in Section

3.3.3 below illustrates (see also Appendix F).

As part of the #fAover VCoopdsWEEEKg showenrirBidure Ber The e s s e s 0
current legislative context as pertains to the case study includes regulatismmierWEEE.

Essentially, these regulations defined an initial percentage of motivation to cooperate in producers

and distributors. Under such conditions, the first step was to implement the initial alliance to
stimulate cooperation. From there, the nexp stas to design the two PCPs, beginning with the
selection and subsequent implementation of incentives.

St T I
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Figure 3-6: General processes of Coop4ASWEEEM
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The ODD defines Aschedulingd as the proper ol
schedule corresponds to the previous figure (3.6), yet, within processes two and three, there were
specific subprocesses that relied on two different time essaMWEEE delivery dynamics were
weekly, as were changes in distributor motives, while producer motives and the amount of WEEE
collected via the two PCPs was reviewed annually (in line with current Colombian regulations).

Following the logic displayed iRigure 36, the detailed schedule is showrFigure 37.

Figure 3-7: Detailed schedule of Coop4dSWEEEM processes
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Once the two PCPs were implemented, their physical existence meant consumers could act. After
came PCP operationg. consumer delivery dynamics went into effeétglre 37). Consumers
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decided (and continually decide) whether or not to deliver WEEE (meghsveekly); distributor
motivation to cooperate was measured weekly as a function of the amounts of WEEE collected;
and, producer motivation to cooperate was measured annually (conforming toleER&RI
regulations). In parallel, the PE€Bbx measured thamount of WEEE collected per week, though
amounts were tallied over a year to establish how much each collection point received annually.
Similarly, the potential pollution and the gap between the motivation to cooperate in producers and
distributors wereneasured weekily.

Finally, since this model does not include options for consumers to generate additional WEEE
(e.g. buy new EEE), one situation that may lead this model to cease functioning is consumer
failure to deliver WEEE. Another would be if the mtiion to cooperate in producers or
distributors dropped to zero.

332 Design Concepts

Design concepts include the description of the theoretical and empirical background, as well as
individual decision maki ng and feitg, nswadhastic, 0 i nt
properties, emergence and observation.

As described in Chapters 1 and 2, the principal theoretical background applied to the development
of this ABM is Waste Management addressed from a systems approach and focused on WEEE, for
which theExtended Producer Responsibility (EPR) princigllaadhqgvist, 2000)proves the most
appropriate by virtue of its widespread use. In this theoretical context, EEE producer and
distributor cooperation is needed to achieve, faangxe, a specific consumeriented WEEE
collection goal(Kiddee et al., 2013; Widmer et al., 200%his principle is complemented by the
reverse logistics concept; reverse logistics holds that WEEE collected by distributors through
consumer delivery is assigned to producers in order to ensure regulatoryacom(@ai and

Sarkis, 2013; Chiou et al., 2012; Li and Tee, 2012)

Two different conceptions stem from the theories used to design agentsraséasch: producers

and distributors represent organizations, while consumers represent individuals. To ensure
methodological coherence, the approach to the study of their decisions must also be different. On
one hand, organizations decide based on thaviatal planned theor{yAjzen, 1991) in which

utility and opportunity cost drive agent interest. On the other, behavior curtailment in consumers is
based on the valdeelie-norm theory(Stern P.C. et al., 1999)Regardless, economic rationality
(Henrich et al., 2005)as used in the design of both agents in light of its utility for understanding
the effects of incentives. Decisions in producers antilildigors are based on the motivation to
cooperate, which was obtained from the case study employing-Netarork Theory (ANT)
(Callon, 1986b; Latour, 2005see Chapter 2 for more information). However, the consumer
decision model was empirically supported with data obtained in a virtual survey of students,
professors, researchers, magerial and administrative staff at thentificia Universidad Javeriana

in Bogota 2139 (84%) registries (within the surveys) were completed, of which 1614 (75.5%)
were responded to by inhabitants fr@ogota(Appendix F).
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Individual decision making ingaent s served as the templ ate f
(Table 35).

Table 3-5: Cooperation elements {Doop4SWEEEM

Agent Required cooperation activity Primary motivation

Economically supporting the incentives included in t

Producers PCP

Complement to annual collection goals

Distributors Having a physical space in business places to locat{ Consumers who deliver WEEE daily

urn and temporarily store the waste collected became potential customers
Consumers | Delivering WEEE to the PCP Incentives included in the PCP
ASensingod in agents depended on the existenc

decreased their motivation to cooperate in function of the WEEE received in the PCP Box (as well
as accumulated amount collected). Consumers decided to copperdtdiver WEEE, when PCP

Boxes were physically close in the spatial environment that simulated an urban area and as a
function of the incentives offered to th&nconsumers cooperated when incentives coincided with
their primary interest (economic reneration or support of socienvironmental projects or
simply stumbling across the PCP).

It is important to point out that there were no learning processes or individual predictions in this
initial version ofCoop4SWEEEM

ODD protocol defines interactioas the direct and/or indireat.g. competition for a mediating
resource) interactions through which individuals encounter and affect others. Interactions could
involve communication, though, irCoop4SWEEEM there was no direct communication
(messages)maong agents. Since the motivation to cooperate in both producers and distributors, in
addition to the consumerds decision to partioc
was done via PCPs.

ODD protocol provides two definitions of collectiveBor the first, agents can belong to
aggregations such as social groups, organizations or human networks; for the second, a separate,
explicit type of entity engages in its own actiofMiller et al., 2013; Railsback and Grimm,

2011) Looking at the latter, iINnCoop4SWEEEM there were four collectives: producers,
distributors, PCP boxes and consumers. Agents in this ABM were considered heterogeneous
because, as demonstrated Tiable 34 above, they differed in parameters, preferences and
decisionmaking criteria.

Stochasticity inthe ODD protocol refers to determining which processes include randomization.
To define the stochasticity @oop4SWEEEMthe spatial information was defined as discrete, as
were agent attributes, such as money, resources, WEEE and primary intereserdmeévation

to cooperate was defined as continuous. Bd#e 36 below for further description of stochastic
properties.
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Table 3-6:

Stochasticity inCoop4SWEEEM

Entity

Stochastic property

Stochasticity

Producers
and distribu-
tors

Level of motivation to coop-
erate

Range determined by the analysis of case studyi daaatinu-
ous

Spatial location within the
motivation to cooperate areg

Range of (xy) coordinates showing high or lowotivationi
discrete

Consumers

Initial spatial location within
the represented urban area

Range of (xy) coordinates within a represented urban area
discrete

Spatial movement within the

Randomized (xy) coordinatesvithin the entire represented
urban area discrete

represented urban area

If the PCP includes information diffusion strategies, the ran-
domized movement is directly addressed to the P@iBcrete

PCP Box

Initial spatial location within

the represented urban area

Range of(x, y) coordinates within a represented urban &rea
discrete

Spatial location and movement include randomized movement, which represented the scant or
nontexistent diffusion of information regarding implemented PCP in the real évahie main
reason why consumers have not been apprised of these collection options. Randomized consumer
movement was greater in the absence of diffusion of information regarding PCPs. Conversely,
when information was spread, consumers (in accordance with their gtatecences) were drawn
to the PCP. Further still, the spatial location of the two PCPs was also randomized so as to
represent the physical dispersion of these programs in the real world. Also, continuous
randomization helped represent differences amgegta in terms of their motivation to cooperate
(percentage) and, as a result, helped increase heterogeneity in the model.

To define fiemergenceo in the ODD protocol,
results, outputs or characteristics bétmodel emerge from individualg®uller et al., 2013)
With an eye towards improving support and enhancing deemaking in policy makers and
authorities, the desired results of emergent properti€oop4SWEEEMsuch as higher amounts
of WEEE collected and higher cooperation between actors, were madieit.exphese
characteristics were, in turn, linked to higher sustainability and the prevention of pollution of
WEEE management. Thus, emergencEaop4SWEEEMan be said to refer to two categories:

1 The dynamics of WEEE collection that emerge from consudreisions with respect to
delivering waste are defined in terms of a comparison of their interests and incentives of-
fered by the
delivered by consumers).

PCPs. The flip side of col

1 The dynamics of motivatiomo cooperate in producers and distributors result from the
Asatisfaction
tion of the maximum gap in the motivation to cooperate was interpreted akWwigio-
tential success of ¢haggregated PCP (of the whole system).
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The direct environmental implications of potential pollution must be complemented by the real
world consequences of not delivering WEEE to formal programs. Failing to deliver WEEE to
formal programs may engender tf@lowing negative effects: i) it may fall into the informal
recycling chain, which could harm the health of informal workers and the environment by
releasing toxic substances; ii) it may be thrown away or disposed of (by consumers or members of
the informal recycling sector) in public areas; see Vignette 2.1.1 in Chapter 2 for more on this
point; and, iii) it may be discarded with ordinary waste, ending up in sanitary landfills. This
situation would release toxic substances in the waste matrix and po#tueal resources,
especially water sources.

The model represents the dynamics of WEEE collection and agent behavior in a single unique
design of the PCPs in each run. After runs, for the sake of comparing different scerafisR
designs), the resultof each possible combination should be observed; using Equation 1, this
meant observing a total of fifteen combinations.

a
Eq.1 °F TG DA

Where:i is the number of parameters (3 types of incentives, on/off), iarttie number of PCPs.

333 Translating the ConceptbhwmasledMd&deenuliarttimnt he

To implement the ABM as a compuigimulation tool, the conceptual model must be translated
into a computational one. The initialization elements and the following twersdels facilitate
this translation: cooperation between producers and distributors and consumer participation.

I n order to define the modebywothled@ipriocietsicalk
(Figures 3.6 and 3.7 above), the initial alliance for cooperation was implemented, which created
two producers and two distributors; in turn, these producers and distributors were linked to two
PCPs. Every agent possessed artiainimotivation to cooperate and was placed in the
corresponding active area (more or less). Then, the initialization called for the design and
implementation of the two PCPs. In this model, there was no input data matched to external
sources, such as ddiiges, or other models representing processes that changed over time (the
ODD6és definition of Ainput datao).

The first submo d e | i s ACooperation between Producer
obtained in the case study allowed for the modelihthe mobilization of actors into local and
global networks. The current normative situation in Colombia, as of 2015, is the existence of
regulations for some WEEE generated, in particular computers, light bulbs and batteries
(Milestone 3 in Figure 38); that is, PCPs are designed (in this model) for collecting the
aforementioned WEEE to comply ColdmHgur@a3Bs r eg
As Figure 38 makes clear, the mobilization of agents to cooperate between these two milestones
reachedroughly 50% of the maximum positive mobilization. In order to randomly assign the
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percentage of the initial motivation to cooperate (MTCo in Equation 2 below) as part of the initial
agent attributes of these agents, the range was set between 45% and 55%.

Figure 3-8: Actor mobilization in local and global networks in the singgese study of WEEE man-
agement in Colombia (see Chapter 2 for further information regarding the case study).

High degreeof attachmentof A-N in global network

Low local network /

mobillization \@

Solid
project

High local network
mobillization

Disag:tegatedA-N

!
~50% '

[ . <!

o i . e .
' Maximum postive mobillization *

During operation othe PCPs, agents with more than 70% motivation were placed in the more

active area (representing the local network in the real world). Furthermore, during this stage, the

level of motivation (%) was measured every week (each titkethogg and adjuste@ccording

to the amount of WEEE delivered at each PCP. C

interestso (in producers and distributors); A s
equation 2:
Eqg. 2 DY6P 0 Y6 O QQD QQO Gha Y6

Individual satisfaction is a function of the WEEE collected via the PCP. It differed for producers
and distributors:

91 For producers, it meant increasing WEEE collected by 1% per year

1 Also for producerstimeant either (cumulatively) increasing collected WEEE 5% per year
(every 52 ticks iflNetLogO: e.g.year 1, 5%; year 2, 10%; year 3, 15%; and so on. Or, con-
versely, reducing collected WEEE by 10% per year when it was undécibfulatively).
This rule represents rewalorld regulatory control (% of WEEE collected annually).

9 For distributors, it meant increasing WEEE collected by 2% per year or reducing non
WEEE collected by 0.2% per tick (week).
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The simulation stopped whethe motivation to cooperate percentage of any producer or
distributor reached a value of zero.

The second sulmodeli s A Consumer Participation. o To c¢h.
survey of thePontificia Universidad Javerianeommunity was congcted. A total of 2,139 of

2,547 questionnaires were completed. Of these, 1,614 respondents weBnfratdiand fell into

the following age ranges: 18 to 22 (43.4%), 22 to 50 (47%), >50 years old (9.6%). 53.3% of
consumers prefer to deliver their WEEEad’CP located in shops and stores where EEE is sold
(shops, markets). This population of 53.3% showed other additional intarestacgtivation to
participate) displayed ifiable 37.

Table 3-7: Consumer btribution according to primary motivation to participate (based on the virtual
survey, Appendix F)

Primary Interest %*
Receive money (economic incentive) 21.7
Support social/environmental projects 70.8
Finding the box is sufficierfproximity) 3.7
Receive information about the PCP** 3.7

* Of the 53.3% motivated by PCP in stor

** Info. regarding what to do with WEEE and the negative impacts prevented by respc
recycling

Each consumer started the simulation with 5 WEfekices, and every week (tick), consumers
could deliver one WEEE to a P&Bdx. The simulation should allow users to distinguish each
consumer when they deliver WEEE. The simulation stopped when the total WEEE held by
consumers fell below 5%.

Coop4SWEEEMvas implemented usingletLogo software. Table 38 summarizes the agents,
computational attributes and values definechanpreviously described design.

47



Table 3-8: Agents, computational attributes and valie€oop4SWEEEM

Entity Attribute Values
Motivation to cooperate 07 100
Producer
Resources 071 100
Distributor Motivation to cooperate 07 100
WEEE 0715
Consumer Primary interest 1-4
Money received 0-5
Incentive offered (1 COP per WEEE receive Oon-Off
Social/environmental project to support On-Off
Diffusion of information about the PCP and On-Off
WEEE management
Postconsumer
program (PCP) WEEE collected 0-805
Start with 0
Decreases with each WEEe&ceived
Resources bag
Increases if producer belonging to the
PCP cooperates
High activity zone (higher % of motivation to | (-16 to 0), (9 to 16)
Motivation to cooperate): xy coordinates
cooperate area Low activity zone (lower % of motivation to | (0 to 16), (9 to 16)
cooperate): xy coordinates
Urban Area X, y coordinates (-16 to 16), {16 to 8)

The completeNetLogocode is included in Appendix G. In line with the ODD protocol described
above, the interface has three main areasHigese 39 below).

The initialization and input data area includes the design of the two PCPS, each of which has three
kinds of incentves that can be turned on or off. Firstly, the PE#%scl (or 2) corresponds to the
support of a social/environmental project economically handled by producers. Secondly, the Inc$
Poscl (or 2) refers to the offer of a direct economic incentive to consusnelsas money in
exchange for turning in WEEE or redeemable bonds when buying new EEE. The third and last
incentive (DifuPoscl or 2) is related to the diffusion of infoation regarding PCP via media.
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Figure 3-9: Coop4SWEEEM interface
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The first step inCoop4SWEEEMas previously stated, consisted of implementing the initial
cooperation alliance, whose main result was the visualization of producers and distributors (the
uppe animated area ifrigure 39). There were two produceéistributor pairs linked to PCPs 1

and 2, respectively. The second step was to design and implement the two PCPs in terms of
incentives and then visualize both RB&xes and consumers (the lower artiedikarea irFigure

3-9). There were 161 consumers, 10% of survey respondents im&idd 2 (Section 3.3.1.3)
described above, adding up to a total of 805

After carrying out the previous steps, the collection systperation commenced. During this last
phase, emergence and observance were continuously displayed in the output area. Consumer
dynamics (lower part) and produedistributor dynamics (upper part) can be seen in the
Animation Area inFigure 39 (andFigure 310). Producedistributor movement here represents
agent motivation to cooperate; the value of this motivation increases or decreases according to the
design described in Subodel 1. For its part, the animation of consumers shows both their
randomizednovement relative to the location PCP Boxes; color changes correspond to consumer
decisions regardmWEEE delivery Figure 310).

1 This figure is in Spanish, given that it is a screenshot of the simulation used for the Case Study in Colombia, a Spanish
speaking country
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Figure 3-10.  Animation Area Detaifs
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Turning attention to thegraphs in the output aredigure 311), producer and distributor
motivation changed in response to consumer delivery of WEEE, as well as potential pollution (%).

Figure 3-11:  Visualization ofemergence and observation (output &rea)
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A clear example of how the model works is seefigure 312. This figure illustrates results of
the scenario in which PCP includes consumer incentives and PZBoes not include any. For

2 This figure is in Spanish, given that it is a screenshot of the simulation used for the Case Study in Colombia, é&panish
speaking country

3 This figure is in Spanish, given that it is a screenshot of the simulation used for the Case Study in Colombia, a Spanish
speaking country
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the sake otlarity, the graphs of the gap in motivation and potential pollution do not show data for
each PCP; instead, they portray accumulated data.

Figure 3-122  Example displays for one scenario (final simulateghsrios are shown in part 3.5 beldw)
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At the end of each simulation run, the amount of WEEE collected by each PCP (as units and
percentage), in addition to total time (years), final motivation gap and potential pollution were
displayed in the output ea. These data represent the criteria taken into account for each
alternative (scenario) in the multriteria tool.

In order to evaluate implementation of the ABM, an experimental design was utilized. Results can
be consulted in Appendix G.

3.4

ThBul-CGrii t er i aMakeicn g i Toono |

The multicriteria decisiormaking (MCDM) tool consists of a list of alternatives (scenarios
simulated inCoop4SWEEEMand criteria used to choose or reject alternatiggs To prioritize
alternatives, the weighted sumethod was employe@Caterino, 2009; Fishburn, 1967this
method requiregs weight (vi) be assigned to each criterigip, @ntil 200% is assigned (Equation

3).

Eq. 3

B®o

Four criteria were defined on basis of the results of the case study and literature review. Firstly, the
amount of WEEE collectedhe parameter included in policies and regulations as the unit of
required producer coll ecti

on

amount s.

Secon

4 This figure is in Spanish, given that it is a screenshot of the simulation used for the Case Study in Colombia, a Spanish
speaking country
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beginning and end, which represents the number of years needed to collect the WEEE assigned to
consumers. Thirdly, there was the final gap between producer and distributor motivation. Fourthly,
there was the percentage of potential pollution registered at the end of the simulation.

The weighted sum method was programmed in an Excel spreadBablet 89 below); each cell
was filled with data obtained from each run of @@op4SWEEEMimulation. Each weight in the
table could be changed by decisimakers DES attendees) in order to generate debate about the
importance of including the perspectives offatent actors involved in the decisiomaking
process.

Table 3-9: Structure of the muktriteria decisioamaking (MCDM) tool
2 Simulated scenario % WEEE Collected Years Motivation gap (%) || Potential polution (%) || Prioritization
E Criterion weight* 25 25 25 25 100
1 Scenario 1 50 0 0 1 0 0 20 0 0 40 0 0 0
2 Scenario 2 20 0 0 0,2 0 0 50 0 0 20 0 0 0
3 Scenario 3 30 0 0 2 0 0 20 0 0 60 0 0 0
4 Scenario 4 40 0 0 3 0 0 60 0 0 10 0 0 0
5 Scenario 5 50 0 0 6 0 0 90 0 0 50 0 0 0
3 Scenario 6 90 0 0 04 0 0 2 0 0 5 0 0 0
7 Scenario 7 90 0 0 20 0 0 50 0 0 2 0 0 0
8 Scenario 8 70 0 0 10 0 0 5 0 0 80 0 0 0

Prioritization scale

The worst The bes

* The sum of the weights has to be equal to 100. The highestceatesponds to the most important criterion in the decision
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Figure 3-13  Relationship between the twe Tl (Coop4SWEEEM simulation and MCDM [Excél])

Resultadoscorrida 1,escenariol:

esultadoscorrida 2,escenariol:

3.5 DESetup

At first, to engage attendees, a shared understanding of key concepts had to be inculcated. A
perfect example is the meaningfstems approaciThis was defined as an approach that takes

the following into account i) social, cultural, economic, politiechnical and environmental
dimension; ii) roles within WEEE management (government, producers, distributors, consumers,
and formal and informal recyclers); iii) stages of WEEE management in Colombia
(production/importation, distribution, use/reuse, cditat, pretreatment, treatment, exportation);

and, iv)circular causeffect relationships stemming from current decisions in the smoetdium

and longterms A postconsumer program(PCP) was defined as a collection strategy that
consists of an urna(box) physically available at EEE points of sale. A PCP should also offer
incentives aimed at influencing consumers, and thereby the amount of WEEE collected.

The third key concept wasooperation In this DES, cooperation refers to the performance of
adivities that different actors should carry dutogethed in order to achieve more sustainable
WEEE management. The specific activities required of each actor involved in the simulated
collection system, along with the primary motivation of each, are shoWable 310.

5 This figure is in Spanish, given that it is a screenshot of the simulation used for the Case Study in Colombia, a Spanish
speaking country
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