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Abstract

Theincreasingconsumptiorof technologicabroductsmay haveseriousimplicationsdue
to theworldwide generatiorof abundantlectronicdevicesthatcanbecomecontaminating
electronicwasteor e-wasteafter their lifespan. This is due to the hazardoumatureof
someof their componentsin Ecuadordespitethe presencef somerecyclingcompanies
and the governmentalpolicies that attemptto establishan appropriateelectronicwaste
managementmuch muststill be doneat public and private level in orderto implement
e-wasterecycling and thus avoid the generationof thesehazardousvaste. In this study
we presentthe resultsfor the first Electronic WasteRecycling Campaigncarried out at
UniversidadSanFranciscade Quito, Ecuadoron which the universitycommunityandthe
civil societycooperatedA total of 1.89t of e-wasteweregatherecandmorethana half of
thesematerialswereintendedfor recyclingor reusewithin the countryor internationally.
The main electronicwaste gatheredncludedlaptops,CRT monitors, keyboardstablets,
CPU, UPSfor PC,mouse,PC speakerswired for powerandICD monitors. Flow charts
weremadeusingVENSIM software basingthe calculationon one unit of eachelectronic
waste. This recycling campaignis the first one organizedby an Academiclinstitution in
Ecuadorand thereforeprovidesuseful information aboutthe role that higher education
institutionscanplay in suchsustainablénitiatives.

Keywords. Electronicwaste recyclingcampaignwastemanagementustainability uni-
versity, Ecuador.

Campafiade Reciclajede ResiduosElectrénicosenla Universidad SanFranciscode Quito

Resumen

El aumentodel consumode productostecnolégicospodriatenerseriasimplicacionesde-
bido a la abundanteproduccidnde equiposelectrénicosa nivel mundial. Estosequipos
puedenafectarel medio ambienteya que puedenconvertirseen residuoselectronicoso
chatarraelectrénicacuandohancumplidosuvida Util debidoa la naturalezacontaminante
de algunosde suscomponentesEn Ecuador,a pesarde la presenciade empresaseci-
cladorasy de las politicasgubernamentalegue intentanestableceun manejoadecuado
de residuos electrénicos, mucho falta por hacer a nivel publico y privado para
implementarel reciclajede residuoselectrénicosy asieliminarla generaciorde estetipo
de contam-inantepeligrosos.En este estudiose presentalos resultadosde la primera
Camparnade ResiduosElectronicosllevadaa caboen la UniversidadSan Franciscode
Quito enla queintervinierontantola comunidaduniversitariacomola sociedad1.89t de
residuoselec-trénicosfueron recolectadoy masde la mitad de estosmaterialesfueron
destinadogparareciclajeo reutilizaciona nivel nacionalo internacional Los principales
articulosrecolec-tadosueron laptops,monitoresCRT, teclados tablets,CPU, memorias
externagparaPC, mouse,parlantegparaPC, cablesde podery monitores.Diagramasde
flujo fueronreal-izadoautilizandoel softwareVENSIM, asumienda@omobasede célculo
una unidad de cada residuo electrénico. Esta campafiade reciclaje es la primera
organizadapor una insti-tucion académicaen Ecuadory por lo tanto proporciona
informaciénutil sobreel rol quelasinstitucionesde educaciorsuperiorpuederdesarrollar
en la consecuciode iniciativassustentables.

Palabras Clave. Residuoselectronicoscampafiade reciclaje,manejode residuos,sus-
tentabilidad universidad Ecuador.
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Introduction On the other hand, in Latin America and the Caribbean
the amount of e-waste reaches about 800 000 t and Ar-
The technological era we are living in is characterized gentina, Brazil, Chile, Colombia, Mexico and Venezuela
by an increasing consumption of computers and elec- are the countries that together produce more than 80%
tronic devices. As long as new technologies are brought of e-waste in the regionl[1].
to market, the previous obsolete devices are left in dis-
use and become electronic wastel [13]. The concept of Industrially, different metallurgical routes are used to
electronic waste or e-waste comprises those technolog- extract valuable metals from e-waste. In fact, e-waste
ical products whose useful life has ended. These elec- recycling means taking an electronic product at the end
tronic devices also constitute electronic parts that are of its useful life in order to use the whole or part of
external or internal to the equipment and that become its components to make another product [4]. Electronic
waste for its malfunction or its obsolete components recycling represents an excellent and attractive alterna-
[17]. Most of the electronic waste is discarded with tive for environmental protection and for the recovery
household trash because people ignore or disregard theof reusable materials and precious metals such as gold
hazardous materials that electronic waste contains [9]. (Au), silver (Ag), platinum (Pt), Gallium (Ga), palla-
E-waste consists of approximately 60 chemical elements,dium (Pd), tantalum (Ta), tellurium (Te), germanium
including precious metals and hazardous materials that, (Ge) and selenium (S€)/[8]. Overall, energy consump-
if not treated properly, release lethal toxins into atmo- tion for the recycling process is less than that required
sphere, water, and sail [10] and therefore can cause seri-for the development of a new product [6]. Additionally,
ous problems to the environmentand human health [19]. during the process of electronic recycling, the emissions
of CO, and SQ are reduced, and the waste generated

E-waste contains metals and persistent organic pollu- gyring the development of new products is avoided [20].
tants (POPs) [9, 17]. When e-waste is incinerated sev-

?J?a:r:(;x'g;;fynclti)cearreolaaai(iecdr:;fjorcfzgrgg):sp?F?,L?—iss)’uﬂ;/-ason January 2013, in the Official Gazette No. 881, the

droger,l chloride, and dioxif_[10]. Inappropriate r,ecy- Environmental M|n|_stry of Ecugdor issued its N_atlona_l
i rocesses, mostl occdf in. develoning countries Post Con_sumerPoI_|cyofEIectr|caI and E.Iec'gromc Equip-

g gp fthe | y flab dth ping cot ment which establishes as general objective to apply
ecause of the low cost of labor and the PETMISSIVENESS 4y, 0 principle of responsibility and public participation

g];eeg\e”iaonrngleer;t?leéaivr\:tsoiﬁg ssvﬁorr?;ilatt:;j;;mggsg:zlin the management of electrical and electronic equip-
9 9 ment whose useful life has ended|[14]. This policy pro-

problems to some populations [9) 17]. hibits the disposal of electrical and electronic equip-

Both scientists and policy makers are recognizing with Ment, which can be recycled or treated under environ-
increasing conviction the potential significance of the mentally friendly cgndltlons. ltalso requires the State to
pollution caused by e-wasté [3]. Many studies evidence inform the population about the alternatives for e-waste

the health risks that affect populations encountering the Management [14]. However, most people in Ecuador
toxins from electronic device$ [10]. For example, air Still know little about e-waste management options in

and soils of the Chinese population of Guiyu are heav- order to not discard electronic waste with regular garbage.

ily contaminated with toxic substances emitted into the There are no official data_ on .the amount .Of technolog-
atmosphere and with chemicals originating in electronic 1C&l waste generated or its final destination. For this
goods or generated by the dangerous disposal of non-eason, the Office of Innovation and Sustainability in
recyclable components [21]. Higher serum lead levels conjunction with the Student Government of the Uni-
in the inhabitants suggest that populations like Guiyu Versidad San Francisco de Quito (USFQ) organized the

are being affected by lead-discarded electronics and by firSt Electronic Waste Recycling Campaign in order to
open, uncontrolled, burning of e-wastel[10]. encourage the university community to gather different

types of electronic waste, to allocate them to recycling
Some estimates claim that each year 20 to 25 million t companies and thus contribute to reduce pollution.

of e-waste are generated worldwide, equivalent to 3.5 to

4 kg of e-waste per inhabitant per year|[10, 17]. Nev- The aim of this study was to documentthe results achieved
ertheless, the United Nations Environment Programme through this campaign at USFQ. An estimate of the quan-
UNEP estimates that each year the world produces 50 tity and types of recyclable materials that could be re-
million tons of electronic waste, causing damage to the covered from the collected e-waste was performed by
environmentdue to its toxic level[1,118,19]. According means of modeling and theoretical data in order to know
to the Environmental Protection Agency [6], the amount the contribution of this campaign to the e-waste recy-
of e-waste discarded daily worldwide is 142 000 com- cling process. Finally this estimate was compared with
puters and approximately 416 000 cell phones. The fi- the actual results at the end of the campaign. Recycling
nal destination of 70% of global electronic waste is un- and final disposal of electronic waste collected at USFQ
known [17], which is worrisome given the high toxicity = were modeled based on the information provided by
of the pollution that this waste generates when not prop- the private Ecuadorian companies PRODES, BIORECI-
erly discarded. CLAR and ANDEC.
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Methods Electronic Waste Points
Batteries 1
The Electronic Waste Recycling Campaign consisted on Keyboards 2
a competition between the different Faculties of the USFQ, Chargers/wires 3
on which the winner was the Faculty that contributes Headphones 5
with the biggest amount of electronic waste per student. LCD/screens/monitors 10
The different faculties of the USFQ and the number of Speakers 15
students that belong to each one of them are shown in Cell phones 20
Table 1. mp3/walkman/discman 20
h . . : . Others 20
e Electronic Waste Recycling Campaign was carried Tablets o5
out from November 14th to 20th, 2014. During these Printers/scanners o5
days, both members of the university community and Laptons 30
people of the civil society in general attended two dif- CpPUp 50
ferent e-waste collection points to deliver disused elec- UPS 50

tronic devices. One e-waste collection point was located
inside the University in Cumbaya, Ecuador and several Table 2: Weighting points assigned to each type of e-waste duag
posters promoting the campaign were placed in differ- E'ectronic Waste Recycling Campaign.

ent strategic points of the campus. Considering that stydent (per capita) in each Faculty and not by the to-

previous experience of converting shopping malls into  ta] amount of points. The winner was rewarded with a
e-waste collection points have been successful [2], the prize and public recognition.

other collection point was settled down in the shopping

mall “Paseo San Francisco” located near the university Puring the campaign it was not possible to weigh all
campus. items received; therefore, the environmental manager

PRODES provided an average weight of each type of
Electronic devices of different types were gathered as electronic device (Table 3). An estimate of the total
CPUs, LCDs, screens, monitors, UPSs, keyboards, lap- weight of e-waste was calculated multiplying the col-
tops, tablets, chargers, wires, cellular phones, batteries,lected number of each type of device by its average
printers, scanners, headphones, mp3, walkmans, disc-weight. This estimation was then compared with the ac-
mans, speakers, among others. A number of weighting tual value of e-waste delivered to BIORECICLAR, the
points was assigned to each type of electronic device environmental manager in charge of the final disposition
(Table 2). This number was based on two considera- of e-waste at the end of the campaign.
tions: the amount of recyclable elements that consti-
tutes each type of e-waste and the effort that involved
delivering each type of e-waste for recycling rather than
throwing it away.

Additionally, PRODES provided data of the percentage
of materials like steel, aluminum, copper, plastic, etc.
present in each electronic device and data of the pro-
portion of these materials that must be disposed to the
Thereafter, each Faculty earned a total quantity of points landfill or that can be recycled or reused nationally and
depending on the amount and types of electronic waste internationally. This information is shown in Table 3
provided by their students during the Electronic Waste and was used to elaborate a mass balance of the elec-
Recycling Campaign. Because some faculties have moretronic waste, to obtain flowcharts and to estimate the
students than the others and this implies more possibil- total of materials that would be recovered from the total
ities of collecting e-waste, the winner Faculty was de- amount of e-waste collected.

termined by obtaining the average of points earned per With the total amount of each type of electronic de-

Number of _Percentage vices obtained, an estimate of the quantity of materials
Faculty students (%) that could be recovered and recycled was processed by
POLITECNICO 1236 20.6 means of the simulation software VENSIM 6.3 and an
CADE 967 16.1 Excel spreadsheet.

COCISOH 742 12.4 The VENSIM software was used to provide flowcharts
COCSA 724 12.1 based on the data of the spreadsheet, and thus graphi-
COCOA 686 11.4 cally display the inflow and outflow of electronic waste.

CADI 554 9.2 Moreover, the weights of copper, aluminum, iron and
JURISPRUDENCIA 333 5.5 other recovered elements were based on information pro-
COM 309 5.1 vided by PRODES.
COCIBA 256 4.3
CHAT 197 3.3 Results
TOTAL 6004 100.0

At the end of the campaign, the estimated total amount
of e-waste gathered was 1.89 t of electronic e-waste de-
livered by the USFQ. Table 4 presents the final amount

Table 1: Faculties of the USFQ and number of students for each
Faculty that participated in the Electronic Waste Recycling Cam-

paign.
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Figure 1: Flow chart of the electronic waste collected duringthe campaign. The inputs (in weight) of the different types of e-waste are

shown with the blue arrows. The outputs (in weight) are shown with
recycling and brown arrows for landfill as final destiny.
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Figure 2: Flow chart of the electronic waste collected duringhe campaign. The inputs (in percentage) of the different types of e-waste are
shown with the blue arrows. The outputs (in percentage) are shown with red arrows for national recycling, green arrows for international

recycling and brown arrows for landfill as final destiny.

of each type of e-waste collected during only 7 days of
the Electronic Waste Recycling Campaign at USFQ.

Figures 1 and 2 show flow charts modeled with VEN-
SIM software. These diagramsiillustrate, in weight (Fig-
ure 1) and percentage (Figure 2), the input flow of each
type of device collected. As can be observed in the
figures, the total input was 1890.37 kg of e-waste, in-
cluding speakers, CPUs, monitors, keyboards, laptops,
tablets and UPSs.

The output flow corresponds to the different allocations
that were given to the electronic waste depending on
the materials recovered. 46.74% of the materials was
intended for recycling or reuse within the country and

6.14% was intended for recycling or reuse abroad. Un-
fortunately, 47.12% of the materials where destined to
the landfill with common waste but at least 650 kg of

plastic, 50 kg of glass and 10 kg of wood were man-

aged with the company Arte Green for the elaboration
of crafts. More than half of the collected e-waste was

destined for recycling or reuse processes. Ferrous mate-

rials were destined to “Empresa de Acerias Nacionales
de Ecuador” ANDEC, National Industry where the final
destination is the production of raw steel ingots (billets)
and construction rods (Prodes). Non ferrous materials

like bronze, steel, copper, aluminum and batteries were
delivered to the company RECYNTER S.A.

Figure 3 shows the flowcharts modeled with VENSIM
software for the different materials to be obtained in the
process of collecting electronic waste such as bronze,
batteries, steel, boards, glass, copper, aluminum, rubber
and plastic.

Regarding the competition between USFQ Faculties, as
can be seen in Table 5, the Faculty of Biological and

Environmental Sciences COCIBA obtained the highest
amount of points per capita (30.8 points/student), fol-

lowed by the College of Science and Engineering POLI

TECNICO (8.4 points/student).

Discussion

The number of companies that have an environmental li-
cense for treatment and recycling of e-waste in Ecuador
is still low; in fact, the first e-waste recycling company

was established in the country just in 2012/ [16]. Be-

cause of the lack of advanced technologies, part of e-
waste produced in the country must be exported for its
final disposal. The collected materials that cannot be
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Figure 3: Flowcharts for different materials from electronic waste: A. Bronze, B. Batteries, C. Steel, D. Boards, E. Glass, F. Copper, G.
Aluminum, H. Rubber and I. Plastic. Blue arrows show the different sources from which the materials are recovered and the arrow of the
right shows the final disposal of each material.



Dalgo et al.

Av. Cienc. Ing. (Quito), 2015 Vol. 7, No. 5, Pags. C116-C123

Percentage of
recyclable

Percentage of non-

Percentage of
recyclable

Material Wg\i/er:??ke) materials to be recyclable materials to be
9 9 processed in materials (%) processed abroad
Ecuador (%) (%)
40 of glass, .
Laptop 1.80 20 of steel 20 of plastic 20 of mainboard
Monitor CRT 11.00 L of steel 85 of glass_ 3.5 of mainboard
0.5 of copper 10 of plastic
10 of steel, 40 of alass
Tablet 0.68 5 of aluminum, glass, 13 of mainboard
30 of plastic
2 of copper
50 of steel, .
CPU 8.00 10 of copper, 5 of plastic 15 E);]gigbc))ard
20 of aluminum y
Monitor LCD 4.00 30 of steel, 60 of plastic 9.5 of mainboard
0.5 of copper
Charger 0.25 40 of copper 60 of rubber
93 of plastic,
Keyboard 0.50 2 of copper 5 of rubber
89 of plastic, .
Mouse 0.20 2 of copper 5 of rubber 4 of mainboard
2 of copper . .
Speakers 0.29 20 of steel 70 of plastic 8 of mainboard
85 of batteries,
UPS 11.00 3 of copper, 8 of plastic 3.8 of mainboard

0.2 of bronze

Table 3: Composition of different electronic devices and thie possible allocation. Information provided by PRODES.

processed inside the country must be processed by In-students of the importance of the proper disposal of e-
ternational Managers that are accredited for the extrac- waste.

tion of precious metals like gold, silver and platinum.
For example, Sitekol-Colombia processes mainboards
and Codelco-Chile melts copper wires. The final des-
tination for these materials is the production of metal
ingots that are used in the medical field for amalgam
and tooth pieces according to the information provided
by PRODES. They are also intended for jewelry mak-
ing and in the space field for the construction of satel-
lites and ferries and processing of copper cathodes. On
the other hand, the rest of the materials was destined
to landfills. This is because, although some of the e-

waste components are recovered, most of these devices

are composed of non-recyclable glass, plastic or rubber,
which is destined for landfills. However, it was possible
to divert a fraction of non-recyclable materials towards
the development of arts and crafts.

Finding efficient collection and appropriate technolo-
gies for recycling e-waste is especially difficult in de-
veloping countries [15]. Even in countries that count
with advanced treatment equipment and technologies,
finding an efficient collection system is a limiting as-
pect to an appropriate e-waste management [15]. Con-
sequently, this type of campaign contributed by intro-
ducing an e-waste collection system in the university

Besides the environmental concerns, e-waste collecting
and processing implies energy savings and resource ef-
ficiency [8]. Therefore, campaigns like this should be
replicated at the public and private level. Previously, in
the public sector, the Governmental Institution of Telecom-
munications developed a campaign of Electronic Waste
Recycling and Collection of batteries in order to pro-
mote the importance of proper management of electronic
waste [12]. In the private sector there are some com-
panies that are dedicated to the collection, dismantling
and recovery of certain materials from electronic waste,
other appliances and scrap in order to obtain some profit.
Mobile phone companies in Ecuador have also orga-
nized campaigns in order to promote recycling. Cell
phones are among the electronic devices most consumed
in Ecuador, a market that has expanded during the last
decade. These campaigns consist of gathering electronic
devices and then exporting them to the United States
where materials such as copper and silver can be recov-
ered[11]. However, these campaigns only cover devices
like phones, batteries and accessories of mobile phones;
therefore it is more difficult to find incentives or infor-
mation about an appropriate place to deposit other types
of electronic waste.

community and separating the most toxic and polluting During this first Electronic Waste Recycling Campaign
e-waste materials. Moreover, this first Electronic Waste organized by the USFQ, through its Office of Innova-
Recycling Campaign created awareness among collegetion and Sustainability, it was evidenced that Universi-



Av. Cienc. Ing. (Quito), 2015 Vol. 7, No. 5, Pags. C116-C123 Dalgo et al.

Type of electronic devices Total (Units) Faculty Points per capita
Batteries 5065 COCIBA 30.80
Chargers/wires 1418 POLITECNICO 8.34
Cell phones 267 CADI 8.25
Headphones 196 COCISOH 7.11
Printers/scanners 115 CADE 4.75
Keyboards 100 COCOA 3.73
LCDs/screens/monitors 57 COM 3.04
mp3/walkman/discman 54 CHAT 2.78
Speakers 54 JURISPRUDENCIA 1.65
CPU 47 COCSA 0.91
Laptops 30 Table 5: Final Results of the Electronic Waste Recycling Cam-
Tablets 21 paign.
UPS 16

e-waste flow were comparable to the actual values re-
sulting at the end of the E-waste Recycling Campaign.
Universities and other institutions of education must es-
ties are important leaders when promoting initiatives for {@blish a cooperation network with other private and pub-
sustainability because they are able to spread the know- /¢ institutions in order to replicate these campaigns pe-
edge and skills necessary to engage in activities related fiodically. For future e-waste campaigns the main focus
to Sustainable Developmeni [7]. The competition be- Should not only be recycling, as Walters and Santillo
tween Faculties was an extra incentive for students to PrOPOSe, reducing must also be promoted and govern-
contribute. The Faculty that contributed the most dur- Mental supportand legislation is required to prevent use
ing the campaign and therefore that scored the highest ©f hazardous substances in electronics and to increase
amount of points per student was the Faculty of Biologi- the participation and responsibility of producers and im-
cal and Environmental Sciences which suggests that, in POrters [21]. - At the same time appropriate recycling
general, students whose programs of study are related!€chnologies should be the mainstay of e-waste recy-
to the environment showed higher commitment to the Cling practices.

environment; therefore contributed the most with the
campaign. According to Edumadze et al. studentsSa-
cademic backgrounds influenced their awareness on e-
waste|[5]. Itis also imperative the necessity of the inclu-
sion of environmental education in university curricula.

Table 4: Total number of units collected by type of electronic
waste during Electronic Waste Recycling Campaign.

Conclusions

The campaign organized by the USFQ, through its Of-
fice of Innovation and Sustainability and the support of
It should not only be included in scientific programs but their students and the community in general, is the first
also in different areas of specialization in general with electronic waste r(?cychr_]g campaign conducted at the
courses related to e-waste hazards and e-waste managel-evel.Of an aca_demlc Institution in EC“f.*dor- The support
ment [5]. received by this campaign as well as its results showed

that citizens share a general impetus to contribute to
Educational institutions are frequently applying shifts in Such sustainable initiatives that seek to reduce global
technology and it results in a large number of discarded Pollution. USFQ plans to develop this campaign every
devices after short periods of lifespan![13]. For this rea- Year and will use this case study as an initial insight
son Universities are appropriate places to gather disusedfor further investigation and for gathering new and more
electronic devices. As evidenced in this study, univer- datarelated to e-waste.

sity students and staff contribute greatly to the recycling
process. On the other hand, malls are frequented places
and therefore the effort and time consumed to deliver
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