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1. INTRODUCTION

Sustaimbility assessment of complex systems such astev management is a
resourcefulool for decisionsupport. There is still no formal methodologstablished

for this aim, but the most promising approach currently in development is Life Cycle
Sustainability Assessment (LCSA). LCSA expands the standdraimthodology of
environmental Life Cycle Assessment (LCA), in order to comprehend the social and
economic dimensions. In doing this, LCSA also increases its compléxityCA the
assessed systems are rather objective and based on materials flows, asgksbed
impacts can be measured quantitatively social and economic dimensions the
assessment may also include rather subjective systems and impact categories. This is
why some existing guidelines for LSCA recommend the involvement of relevant
stakehdders during modelling and assessment stages of the applicatidiSA these

canbeandareusuallg ar ri ed out based only on speciald@

In LCSA, specialistsneed tofacilitate elicitation and structung of st akehol der s ¢
perspectives, in rder to obtain realistic parameters for system modelling and
sustainability assessment. This is a major gap in current LCSA applications, as LCA
practitioners have nosearchedo facilitate suchmulti-stakeholderdecisiormaking

within their models Thereare robust tools available in the field of Decision Science
that can be adapted and combined to LCA standards and LCSA guidelines, in order to
bridge this methodological gap. This is the case of Problem Structuring Methods
(PSMs). Some welkstablished P8s are Strategic Options Development and Analysis
(SODA) and Soft Systems Methodology (SSM). These can be useful tools in
stakeholder consultation for LCSA, especially in the tasks of defining social and
economic impact categories, and in identifying aratletling potential relevant systems

for implementation in real case problems. PSMs have supported deutigiang in
several complex problems during the last decaaesy of them in the environmental

area.

Waste management are complex systems curreettyadding for such stakeholder

based_CSA approach, especially in Brazil. In 2010, the country establish&titenal



Solid Waste Polic{PNRS), which adopts a complexity of principles such as Extended
Producer Responsibility (PER), shared responsibility r productsdo |1 fe ¢
social inclusion of waste pickers within the diverse waste chains. Itdatsomines that

reverse logistics systems are mandatory for some waste types, including Waste Electric

and Electronic Equipment (WEEE). WEEE is cdexp in nature, because they
comprehend many types of different appliances and components, including recyclables,
precious metals and hazardous materials. The WEEE chain is also complex, because it
involves several actors along mafgymal and informaltrans-boundary stagedrom

raw material extraction to production of appliances, commercialization, use and waste
recycling or disposal. This involves significant risks to human health and the

environment.

PNRS establishes that responsibility for modellimgl anplementing WEEE reverse

logistics in Brazil is shared by producers, importers, distributors and retailers of
Electrical and Electronic Equipment (EEE) in the country. It also defines
responsibilities for consumers, governments and waste managemeraniesnwithin

this chain, which may include formalized w
iIs a complexity of actors with their responsibilities, interests and needs. This is thus a
relevant problem with potential to be supported by combined L&®APSMsin order

to define the best reverse logistics model to be implemented in.Brazil

1.1. Objectives

The main objective of this research is pyoposea methodology for systems modelling
and for the definition of social and economic impact categoné CSAthat considers

multi pl e stakehol dersdé perspectives.

Some specific objectives are:

- To combine Problem Structuring Methods (PSMs) and LCSA principles and
approachewvithin a methodology for decisiesupport in waste management;

- Toelictandstrat ur e st akehol dersé perspectives i
reverse logisticsising causal maps

- To define systems models and LCSA impact categories for Brazilian WEEE reverse

logistics.



1.2.Structure of the thesis

This work is stuctured as follows:

Chapter 2 comprehends a literature review an fillowing topics: Waste
Electric and Electronic Equipment (composition, market, generation
estimates, risks, formal and informal chains, main stakeholders, regulation);
Life Cycle Management and Life CyclBustainability Assessment (main
concepts, involved methods and respective challenges); complex decision
problems and potential decisignpport tools for sustainability (definition of
complex  decision  problems, Problem  Structuring  Methods,
Multimethodolog, applications in sustainabiliyelated problems); WEEE
reverse logistics and the Brazilian National Solid Waste Policy;

Chapter 3 presents the proposed methodology, with explanation of each step;
Chapter 4 presents results of the application in the stasy (causal maps,
defined LCSA impact categories, alternative system models for
sustainability assessment), and discussion by the analysis of the obtained
results with validation in the literature and with specialists and stakeholders;
Chapter 5 drawsanclusions on the case study and on the quality of the
proposed methodology after application, and suggests further steps for

research in the same field.






2. LITERATURE REVIEW

2.1 Waste Electric and Electronic Equipment (WEEE)

Waste Electrial and Ekctronic EquipmentWEEE), also known ase-waste are

fielectrical and electronic equipmen(EEE) wh i ¢ h are waste (e), i
components, subassemblies and consumables which are part of the product at the time

of di s c a,r20®).They arg disgdedeitherbecause theyeachedhe end of

their lifespan or because their usage was disconti(ABNT, 2013).

WEEE is as diverse as thariety of electrical and electronic equipment. In Brazil, EEE
are categorized into foyroduct lines
1 A Br o wa:dV, scieens, DVD/VHS, audio products;

TAaWhiteo | ine: Refrigerators, freezer
machines;

T AaBl ued | ine: ms, deiles;r s bl ender s, i ron
TAGreend | ine: desktopABDL2013.pt ops, prin

The Directive 2002/68/EC (also known as th®/EEE Directivg by the European
Commissiordefinesten categaes of WEEE:
1 Large household appliances (refrigerators, freezers, etc.);
1 Small household appliances (vacuum cleaners, irons, toasters etc.)
1 IT and telecommunications equment (computers, printers, telephones
etc.);
1 Consumer equipment and photovoltaic panels (TV, audwsical
instrumentsetc.);
1 Lightning equipmenflamps);
1 Electrical and electronic tooldills, saws etc.with the exception of
largescale stationary glustrial tool3;
1 Toys, leisure and sports equipméritieo games, sports equipment etc.);
1 Medical devices (with the exception of all implanted and infected
products)

1 Monitoring and control instrumen{thermostats, smoke detectors etc.);



1 Automatic disperers (EC, 2012)
All these sorts of equipment have their own characteristics of size, lifespan and
composition(Table 3. This complexity poses a challenge for an adequate WEEE

management.

Tablel. Characteristics of EEE lines dsfined in Brazil

Characteristic | Brownline Green line White line Blue line
Average 5-13 years 2-5years 10-15years| 10- 12 years
lifespan

Weight 1-35kg 0.09- 30 kg 30- 70 kg 0.5-5kg
Main Plastics and glas| Plastics and metall Metals Plastics
component

Source: ABDI (2013

2.1.1 The EEE market and WEEE generatioBrazil

WEEE is the fastest growing waste stre@rthe world It grows about 4% per year
Annually 40 million tonnes of WEEE are generatédundgren, 2012), and WEEE
generatn is expected to jump to 65 million tonnes in 2017 (STEP, 2(8&ne
reasons for such high volusiand growth rate arencreasing market penetration of
products in developing countries; development of a replacement market in developed
countries; a genaly high product obsolescence rate; decrease in prices; and the growth

in internet uséLundgren, 2012).

A study basd on data from Europghowedthat the generation of WEEE is directly
related topopulation income(Figure 1). Considering Braziliangrowing economy
(Figure 2) andthe average income of formal worlsefFigure 3), we can assume that
EEE consumption and WEEE generation also tend to grow in the caluring the

nex years Based on ovell worldwide correlationsFigure 4 presents estimates thfe
amount ol WEEE generated in Brazil in comparison to some developed and developing
countries, based on their Purchasing Power Parity (PPP: ama@hdshe relative value

of currencies and the purchasing power of consumers based on the amount of money



needed in each country to purchase a fixed basket of goods and se@uresjlering

the average of 7 kg/capita of WEEE generated in Brazil in PBigRre 4) and the total
population of 193,946,886 in thaime (IBGE, 2012) approximately1,36 million
tonnes of WEEE were generated in Braziltivat year This is 38% more thanthe
estimate of 980 thousand tonnes calculateABRI (2013) using the method dflarket
Supplyfor the same yeafThis method calculates the amount of EEE inserted in the
market (t) in a yearand assumeaverage lifespans for these produdts \ears) to
estimate the amount of WEEE generdigther. Ore problem with this methodology is

to assume average lifespan values for a variety of products along different years, in a
complex context were informal economy plays a significant role ldadpan of
electronic productss constantly extendelly reuse oresell. For this ream, weprefer

to adopt he estimate of 2 million tonnes of WEEE in 2012 based kigure 4. We

make estimates for the Brazilian regions in Chapter 4.
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It is estimated that 2 million tonnes of EEE (10.5 kg/capita) were put into the Brazilian
market in 2012(ABINEE, 2013a) The pecentage of households with computers in
relation to total households in Brazil has increased fréft in 205 to 43% in 2011
(Figure 5), what confirms thgrowing demand for technology and intetn&$ seen in
Figure 5, except by radios and freezers, all otB&E investigatedare consumeadt a

large orrapidlyincreasing ratéy Brazilian households.
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Figure5. Percentage of Brazilian households having different types of EEE
Source: ABINEE (20138)



Growth in the acquisition of computers in the country is illustratdeéignre 6. Figure

6 also indicates the contribution of unofficial market, i.e. informal chains for
distribution and commercialization of EEE, ®uch growth in consumptionThese
unofficial chains do not pay correspondent taygemotefalsification of products and

pose challenges to WEEE quantification and management. Regarding mobile phones,
consumption has imeased from 47.5 million units in 2005 to 59.5 million in 2012,

establishing an average of 1.33 mobiles per person in ZBIREE, 2013a.
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Figure6. Acquisition of computers from official and unofficial markets in Brazil
Source ABINEE (2013)

Regarding the Brazilian EEE industtitere is slight increase in total turnover, reaching
US$ 71 bi in 2012 (based on the exchange rate as in Decenithe2032), 5% more

than in 2011 The main products that contribute to this turnoaer informatics (30%)

and telecommunication appliances (16%nd industrial equipment (15%)The
commercial trade (exportminusimports) presented a deficit of 32.5% in 2012, same
value as in 2011. Main imported equipment are electric and electroniconentg
(55.5% of import costs), specially components for telecommunications, informatics and
semiconductor¢ABINEE, 2013b) 53% of Brazilian EEE companies have reported an
increase in demand for products in October, 2013, while 30% reported decrease, in
relation to the same month in the previous yeewsm April to October 2013,rdy a few

of these companidsave reported difficulties in acquiring production resources and raw
material (5% averag@ but many $2% averagg informed there is pressure on the
prices of such materialSABINEE, 2013c) Competition with countrywide WEEE
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recycling could possibly reduce such pressure in prices and stimulate production and
commercialization with higher turnover, BEEdemand has increased.

The end of EEE productiochain is the use of products, aaffer that thereare the
stagesof managing Enaf-Life (EoL) products ii our case,WEEE). Effective
measurement of amounts of WEEE generadem worldwide problemAs there is no
absolute control of WEEE flows, is only possible to have a notion of such dimensions
based on estimations and some specific indicators that are availdBlEEE arising
across the EU27 (the 27 member countries of the European Union) were estimated
between 8.3 and 9.1 million tonnes for 200fgwing at a rate of 2.5% to 2.7% per year
and reaching 12.3 million tonnes in 202hwe average compositional breakdown for the
European Union is shown Figure 7. From the total WEEE produced, it was estimated
that just 40% ofarger appliances and 25% of medium sized appliances were adequately
collected and treated in 2005.

| 4A Consumer W4B CRT TV's, 13.3% W A4C Flat Panel TV's,
Electronics excl. —
CRT's, 7.8% | ‘
W 3C LCD monitars, 0.0% —___ \

[ 0.0%
| m5A Lighting equipment -
/ Luminaires , 0.7%

/
e / W 5B Lighting equipment
W 3B CRT monitors, 8.3% —— / / — Lamps, 1.7%

I/
“/ / _m 6 Electrical and
E3AIT and Telecom /J, /

| CRTSs 80% — [~ electronic tools, 3.5%
excl. s o

[/

B 7 Toys, leisure and
B 2 Small Household sports equipment, 0.1%
Appliances, 7.0% |
@8 Medical devices,
0.1%
O1C Large Household / \
Appliances (smaller —
items), 3.6%

O 9 Monitoring and
control instruments,
0.2%

\Ll 10 Automatic

dispensers, 0.2%
O1B Coolingand ___———

freezing, 17.7%

\\\\¥l 1A Large Household
Appliances, 27 7%

Figure?. Breakdown of WEEE arising 2005 in EU27
Source: Huisman et al. (2008)

A relevant aspect in WEEE generation is th@cpdure adopted bwserswhen
disposing of it.Even where there is formal systewailableto collect such equipment
separately from other kinds of waste, lack of information or educatmylead some

people tosend WEEE to other waste chaingither fornmal or informal This can
represent loss of valuable resources, overload of other waste streams, and increased

environmental risks due to hazardousness in WEEE. Such risks are expanded when

11



informality takes place in WEEE collection and rough treatrmf@mextracing valuable
material (see Sectien2.1.2 an®.1.3).In Figure 8, we observe the amount of WEEE
that is found mixedo household waste in the city of Rio de Janeiro, Brakital
amount of WEEE found amosthousehold was increased from thousandonnes a

year in 2009 to 3.7housandtonnes in 2012 (COMLURB, 2048 Regarding public
waste (from the streets), WEEE was not found into samples taken during 2013
(COMLURB, 2013b) what indicates the possibility of interceptiyom informal waste

pickers.

03

0,25

0,2
0,15
01
0,05 -+
0 -+ .
2009

2010 2011 2012 2013

Figure8. Percentage of WEEE found mixed to household waste in Rio de Janeiro
SourceCOMLURB (2013)

2.1.2 Compositionrmarket valuesand risks associated to WEEE

BesidesEEE market and WEEE gerationaspects, r@other characteristic of WEEE

that increases complexity its management isliversecomposition ofits materials.

Table 2presents an overview of the sort of materials that can be found in WEEE.
During EEE production, these materiale gfued, welded or assembled together, what
makes it difficult to separatdem at recycling processes. Many of these are hazardous,

so such difficulty in disassembly and separation can pose risks to environment and
human healthThe Brazilian Standard foWWEEE management (ABNT, 2013) has
identified 41 substances or groups of substances that pose hazardousness to diverse
WEEE. Figure 9 shows that some of the most hazardous components correspond both
to rare materials and to the mgwesent ones found in Information and Technology

appliances, the later due to thieigh volumes

12



Table 2. Some materials found in WEE&nd respective market prices per kg as in

Europe in 2007

Fe (in component§ Co( U20. 22|PC(02. 72) |Glass (white)

(uo0.22) (uo0.05)

Magnetic steefCr( 2. 11) [PE(HD)( 1. 0]Glass (LCD)

(uU3.96) (uo0.05)

Stainless ste¢Hg( 0 11. 31|PE(LD)( 4 1. 2] Other/inerts

(uU3.96)

Steel low alloyedqLi( 0. 66) |PET( U0. 66)|Felt

(uo0.22)

Cu( u4). 02 Mn(02. 63)PMMA( 0 2. 9 2 Paper

Ag( U326) Ni(a27.97]PP(U1. 30) |Wood

Au(uls, 72Pb(uUul1l. 25) PSHN( ul. 17 Flame retardants

Pd( 07, 990)Sb(03. 90) |PUR (polyurethane) PCB
(u3.50)

Al (general)( 0 2 ./Sn( 0 9. 34) |PVC( 1. 25)]Liquid crystals

Al cast( 2.06) Zn( Ul1l. 49) | Rubber Oil (fridges)
(EPDMY G 7. 2 ¢

Al wrought( 0 2 . | Plastics generg Ceramicq U 0 . 0| Cyclopentane

(uo. 40)

Mg( ul.58) |PlastcsFR a1 .|CRT rim (PbO)Br( u0. 55)
(uo0.40)

As(U10. 40)ABS( U1. 54 ) CRT-glass completq Cl
(uo0.30)

Be( U248 ABS/PC( U 2 . 8| CRT-glass coneg Isobutan( U 0. 1
(uo0.30)

Bi( Ul5. 40) Epoxy CRT-glass screel CFC11
(u0.35)

Cd(u2. 83) |Other plasticq Fluorescent powder] CFC12

(uo.30)

Source: Huisman et al. (2008)
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Separation of different kinds of material from WEEE can be of significant relevance not
just for environmental reasons, but also economicallyldhle 2 we can see market
prices for some materials found in WEEE, as in 2007 in Europe. Theapamation of

such materials with adequate techniques can result in environmental and health risks,
but also in the wastage of valuable resourtre®razil, informal waste pickers usually

sell WEEE as scrap, which is worth much less than the supricds of separate

components.

Certainly not all components in WEEE are worth some market value, but all of them
need to be managed and adequatelyddceand disposed dfigure 10 exhibitsthe total
operational costs of éormal WEEE management systenm this case the systems
running in Europe in 2005. These costs are broken down into the different stages of
WEEE managemenas for the five main WEEE collection categoiiie&urope: LHHA

(Large Household Appliances); C&F (Cooling and Freezing); SHA (Small Household
Appliances); CRT+FDP (Cathode Ray Tube and Flat Display Panels); and.\Al@ps

can see that costs per stage cary wonsiderably from one WEEE category to the other.
For LHHA, for example, larger costs correspond to transport, while for other categories
they correspond to pretreatment processes. Lamps recymowpke extra charges,

while for the other categoriesaycling is a source of reven(reegative costs)
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Figure10. Breakdown of technical costs for the 5 main collection categories in 2005

Source: Huisman et al. (2008)

Either if WEEE isnot recycled (increasing the use of raw maten EEE production),

if it is disposed of mixed to household waste if it is processedor extractionof

valuable materialsising improper techniqudsee Section 2.1.3)t can pose significant

risks to human health and the environmedsually, sgcialists on Life Cycle
Assessment of WEEE systems take into considerdtieimpact categories: global
warming, acidification, human toxicity, eutrophication, summer smog, and resource
depletion (SOUZA, 2014)Such impacts arise from the presence in WEEHBeavy

metals, persistent organic pollutantd?OP3, flame retardants and other hazardous
substances. There are three groups of substances that may be released during WEEE
recycling and material recovery, that are of concern: original constituentseof th
equipment (e.g. lead and mercury); substances that may be added during some recovery
processes, such as cyanide; and substances that may be formed by recycling processes,
such as dioxins (LUNDGREN, 2012).

Risks to human health can arise from elevatedcentrations of heavy metatd
particulate mattein the air, combined with exposure of workers and local residents
through inhalation, dust ingestion, dermal exposure and oral intake. There can also be
exposure to dioxins, lead, copper, cadmium, mgrand other metals and carcinogens.
Another risk regards to electrical shocks. All those risks may provoke human diseases

such as: breathing difficulties, respiratory irritation, coughing, choking, pneumonitis,
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tremors, neuropsychiatric problems, convuisio coma and deattOther potential
hazards are physical injuries and chronic ailments such as asthma, skin diseases, eye
irritations and stomach disease. Air contamination may lead to inflammatory response,
oxidative stress and DNA damagsl those risksare increased when WEEE flows by

the informal chainLUNDGREN, 2012).

2.13 Formal and informaWEEEflowsand theirmain stakeholders

As discussed above, proper WEEE management can contribute to economy, while it
avoids numerous risks to the envircgmh and human health. Main risks to human
health arise from emissions provoked by improper activities:

1 leachates from dumping activities;

1 particulate matter (coarse and fine particles) from dismantling activities;

71 fly and bottom ashes from burning acties;

T f umes from mercury amal gamat e icook

burning activities;

1 wastewater from dismantling and shredding facilities; and

7 effluents from cyanide leaching and other leaching activities

(LUNDGREN, 2012).

Usually such irregular actities are promoted by informal WEEE chains worldwidp.

to 80% of WEEE generated in developed countries that is sent for recycling is shipped
(often illegally) to developing countrig&igure 11), to be processed by thousands of
informal workers.Assuming that most(if not all) developing countries still lack
adequate WEEE recycling capacities, we can conclude that WEEE generated worldwide
is predominantly sent to informal chains, exposing thousands of people to the
aforementionedisks. This raises an equity issue of developing countries receiving a
disproportionate burden of a global problem, without having the technology to deal with
it. Figure 12 illustrates the WEEHlow within India, where just a smal part of
(internal) WEEE is taken to a formal chain, because of market prsogsething similar

to what happens to developed countries that Fesaglable adequate technology to
recycleWEEE (Lundgren, 2012)
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As explained by Lundgren (2012) the WEEE recycling sector in developing countries is
largely unregulated and the process of recoveringabdé materials takes place in small
workshops using simple recycling methods, of which the most delicate are the manual
disassembly and the recovery of valuable components from wires and cables, CRTs and
PCBs. Regarding manual disassembly, largest risks apon breakage of shell,
implosion of CRT due to vacuum inside, and inhalation hazard. Recovery of materials
from WEEE may involve processes such as: heating printed circuit boards to recover
solder and chips; acid extraction of metals from complex mestumelting and
extruding plastics; and burning plastics to isolate mefaisther inadequate procedure

is openair storaggLundgren, 2012).
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According to Lundgren (2012)an environmentally sound-waste recycling chain
contains the following steps:
{1 demanufacturing into subassemblies and comporietitss involves the
manual disassembly of a device or component to recover value;
1 depollutioni the removal and separation of certain materials to allow
them to be handled separately to minimize impactsudaty batteries,
fluorescent lamps and cathode ray tubes (CRTS);
1 materials separation manually separating and preparing material for
further processing
1 mechanical processing of similar materialghis involves processing
compatible plastic resins, métaor glass from CRTs to generate market
grade commodities;
1 mechanical processing of mixed materialghis involves processing
whole units followed by a series of separation technologies; and
1 metal refining/smeltingi after being sorted into components iato
shredded streams, metals are sent to refiners or smelters. At this stage,
thermal and chemical management processes are used to extract metals
(LUNDGREN, 2012).

Despite of the large dominance of informal WEEE chains worldwide, there is a
promising brmal market for WEEE recycling. The most compbaxd valueadding
activities regard to the recovery of Rare Earth Metals (REM) from Printed Circuit
Boards (PCBs)One of the most recognized companies capable of such activities is
UMICORE, whose main planis located in BelgiumThe industrial processes applied

by this company to recover valuable metggure 13) are based in two integrated
chains: thePrecious metals operations (PM@r refining REM,and theBase metals
operatons (BMO)for processing byroducts from PMOIn search to expand its
market in Brazil, UMICORE has settled a business unit in the State of Sao Paulo, which
acquires, collects and transpdBiszilian WEEE to the main industrial units in Belgium
and Swede. UMICORE Brazil plus UMICORE Belgium and Sweden is then an
example of a formal WEEE chainwith adequate environmental and working

conditions
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2.14 WEEE regulation

Due to associated risks and for economic reasons, WEEE flow needs to be regulated
and controlled worldwide. However, only few countries and the European Union have
specific legislation regarding WEEE managemestime of the countries that have
specific WEEE regulation are Brafiio be discussed furtherChina and IndiaEven

bigger and richcountries like the USAor Russiastill do not have a countrywide
legislation in this sensévlany other countries have ragfi multilateral conventions
regarding hazardous materials, like the Bamako Convention, Basel Convention, as
specifically the WEEE Directive in Europe. Despite of the existence of such laws and
conventions, enforcement of implementation is still a majorffga@/EEE management
(LUNDGREN, 2012).
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2.2. Life Cycle Management and Life Cycle Sustainability Assessment

As stakeholders and specialists concabout interconnected social, economic and
environmental issues of a systamu ¢ h  a s, wNdEi€heidgsoncerned aractually
sustainabilityimpacts either positive or negative, of thevcusedsystem This is why
sustainability assessment has developed to be an important approach to support
decisionmaking in waste management and other decision contexsfriann et al.

2010; Wagner 2011; Menikpura et al. 2012; Aparcana and Salhofer Ziiiiidemg
environmental, economic argbcial aspects related to WEEE briefly described in
Section 2.1leads to thadeathat sustainability assessment is of majopantance for
developing and implementing adequate collection and recycling systemanage

such waste.

2.2.1. Product Life Cycland Life Cycle Thinking

A key notionfor sustainability assessmeoit systemds the conceptof @ r oduct s or

s er wslifeccgcle Aproductl f e cycle is a chain of fAconse
of aproduct systemfrom raw material acquisition or generation from natural resources

to finalA ploditpsysteras] 60 n tur n, a AcollkBction ¢
elementary and product flows, performing one or more defined functions, and which
model s the | ife cycl eFigoré 14 dlustmtesotideusagevor ( | SO,
processes usuall y i nv oHigure tlh exemplifies aprodoadd uct 6 s
system and-igure 17 illustratesa set of unit processes within a product systéhe

WEEE life cyclehainis described ifrigure 16.
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As commented bgpecialists EC-JRC 2010),fito achieve more sustainable production

and consumption patterns, we must consider the environmental implications of the

whole supplychain of products, both goods and services, their use, and waste
management,e. t heir ent i craletoigrbvé® Seclstrdtegiccdnecemm 6

o f a product 6s Lifa Cyele Thigkmd(LET).iLET exparids thel

traditional focus on production site and manufacturing processesmprehendhe
environmental, sgal and economic impacts of a prodaad its respective flowalong

its life cycle. The main goals of LCT ar e: to reduc
emissions to the environment; and to improve its secamomic performance

throughout its life cycle. REMMEN et al, 2007).

A vision that is directly relatedto LCT is the principle of Extended Producer
Responsibility(EPR) by which producers neetb develop products with improved
sustainability performan¢egoing beyond cleaner productigjproduction phae only)
Another principle related to LCT is thpolluter-pays by which actors who provoke the
entrance of a new product into the mayketluding producers, retailers and consumers,

are responsible for the environmental burdens related Thig. prirciple isa basis for
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many environmentallaws worldwide, including Brazilian Law for Environmental
Crimes (BRASIL, 1998).

2.22. Life Cycle Management

To turn Life Cycle Thinking into practical resultss product life cycleneeds to be
managed by producgandinvolved stakeholderd.ife Cycle ManagemerftCM) ii s a
product management systeaiming to minimize environmental and socioeconomic
burdens associated with an organizationos
l'i fe cycl e dUN&EP, 2087). LGM pothlLT imtd practice, bringingst

principlesto the organisational environment and its processes.

LCM is transboundaryits effectiveness lie on a successful supply chain management,
developing implementing and controlling procesf all relevant actorssuppliers of

raw material and product componenpsoducers, transporters, retailers, consumers,
governments, waste managers and recyclers. The Rtppoly the first actors with
material and energy, closing the supply ch@s illustrated in Figure 13)Such an
integrated management system consists of reciprocal communication and collaboration

among actors.

LCM may involve different steps and tools,@esentedn Figure 18. It starts with the
formulation of a strategy, which is a business cagiéh longterm view for
sustainabity. This strategys a basis forthe developmenandimprovement of systems
and procedures along the chaibata, information and models for performance and
impacts assessmiemre used for systems controlling. Robust tools and techniques
support data analysis and assessmenprotessesleading to improvements of the
strategy and the whole systerlthough Figure 18 presents interesting tools for
deasion support in LCM, it still does not include recent improvements in Life Cycle
Assessment methods, such Sacial Life Cycle Assessment (SLCA) ahde Cycle
Sustainability Assesmen{LCSA), whicharediscusgdin Section2.2.3
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Business Case
for Sustainability

Corporate Environmental

Life Cycle Thinking and Social Responsibility.

Tools and

Techniques, - -
such as i | { } Systems and
= Life Cycle Assessment (LCA) Procedures, such as

= Life Cyde Costing (LCC) Life CYC|E = Communication

= Cost Benefit Analysis (CBA) = Stakeholder Engagementf Product Panel
« Material and Substance Flow Analysis (MFA/ SFA) Management « Eco-abelling
= Input-Output Analysis (I0A) = Cortification
= Material Input Per Unit of Service (MIPS) = Sustainable Procurement
= Cumulative Energy Requirements Analysis (CEPA) = (Product-Crented) Environmental Management
= Cleaner Production Assessment (CPA) Systems
= Rizk Assessment (RA) Data, Information and = Design for Sustainability
= Audits Models, such as = Dematerialisation
=¥ Databases = Erwironmental Impact Assess-
= Best Practice, e.g. =
- Benchmarks,
- Standards
- Woeighting Schemes
= Models, e.g.
- Dose-Respons=
- Fate and BExposure
- Scenario

Figurel18. Concepts and tools for Life Cycle Management
Source: UNEP (2007)

All departmens of an organization, as well as all actansolved in a supply chain
managementcan implement LCMFigure 19 shows that different functions within a
product system play significant roles for successful LCM implementdfius activiies
executed by each function describe a wider product system, not only the core,
production processes, but also development and marketing systems, all integrated to

accomplish with strategy objectives.

LCM may involve several interconnected operatiprdevelopment and marketing
management processes. A good way to represent such processes to be modelled is by
struct ur i nvglueahaipire.dhe systemdos processes that produces the value

for a product. This value can be economic, social,renwiental, or in general what

does the organisation strategically defuadue In Figure 20 we present a generic value

chain for reverse logistics systems. This value chain can be a useful reference to the
organisation of compagis ent ering the reverse chain mar
cooperatives, or existing production companies that are incorporating reverse logistics

within their chains of processes. By drawing their particular value chains or by finding

their strategicposition within the reference chain Figure 20 or other references,
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reverse logistics companies can play a significant role for Life Cycle Management of

products, adopting its principle of systems and models.

Coordination and
Capacity Building

1

CSR and ) )
Communication Sustainable Production
Sustainability and Distribution

\ and
Environment

Stakeh_older Production and
Relations Distribution

Life Cycle

Sales and Management Product

Marketi Development
Marketing of “ e s Design for
Sustainabl
ll;?o\:;:stse Sustainability

Economy
and Finance

/

Sustainable Strategy including
Procurement Prioritization of
Financial Resources

Figurel9. Functions within and organization playing their roles to L
Souce: UNEP (2007)

REVERSE LOGISTICS

Stakeholders

Management
Information
Management
Risks
Management
Strategy Operational Preparation Collection . Final
. S 8 -9 - — Processing 74 R
Formulation Planning and Storage and transport Destination
Development of
New Products/Services
Performance
Finances and Budget Assessment
Management
Infrastructure
Management

Figure20. The reverse logistics value chain
Source: Valle & Souza (2013)

2.23. Life Cycle Sustainability Assessment

As explained previously, sustainability assessmer modern anduseful tool for
LCM. Probably themost promising methodogly for sustainability assessmeint terms

of rubstnessis Life Cycle Sustainability Assessment (LCSA). It consists in evaluating
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and often comparing potential social, economic and environmental impacts that can be
provoked by alternative systems thae considered for implementatiowithin a

productchain The currently operating system is usually regarded as one of the options,

in order to assess iIimpacts of the system

LCSA, which can be expressed by: LCSA = LCA + LCCSHCA (Jorgensen et al
2013), aggregates evaluated impacts from three complementary methodological
streams
1 LCA (sometimes eLCA- environmental Life Cycle Assessment), the
environmentalstream whose methodological framework is well established,
being standardized in ISO 14040 14044 and richly developed ihet ILCD
Handbook (ECIJRC 2010) LCA is thebasisfor further development of LCC,
SLCA and LCSA
1 LCC (Life Cycle Costinglusually focuses on costs for different actors
along the chain; this is not yet standardized, but ssuggested methodological
guidelines do exist (Swarr et al. 2011); and
1 SLCA (Social Life Cycle Assessment), still under development due to its
higher levels of subjectivity but also provided with some suggested guidelines
(Benoit & Mazijn2009).

Despite & particularities of each methodologicsiream representing specificities of

each sustainability dimension, it is assumed that sSLCA and LCC approaches must be

0 a

anchored to the fAroot o LBeroit& Mezima0ad).dn ( Swarr

other words,social and economic assessnseméedto be anadapion of the LCA

standardized methodolgpg

2.24. Life Cycle Assessme(itCA)

LCA standard methodology is illustratedkigure21. It consists of four major iterative
phasesThefirst phaseis to define the goal and scope of the LCA stuithe goal of an

LCA states:the intended application; the reasons for carrying out the study; the
intended audience; and whether the results are intended to be used in comparative
assertions inded to be disclosed to the pul§l8O, 2006a)
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/ Life cycle assessment framework \

N

Goal and scope
definition

Direct applications:
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and improvement
- Strategic plannin

I;‘:\:?;gg ™ Interpretation B Publicgpolﬁ;y mafing

- Marketing

- Other

Impact
assessment

\ /
Figure2l. Stages of an LCA

Source: ISO (2006a)

The scopeomprehends
1 the product system to be studied;
1 the functions(performance characteristicej the product system om
the case of comparative studies, the systems;
1 the functional unit(quantification of the function, as a reference to which
the inputs and outputs are relgted
1 the system boundarfunit processes to be included in the system)
1 allocation proceduregpartitioning of input or output flows of a process
or a product system between the product system under study and one or more
other product systenis
1 impact categorieselectedclasses representing environmental issues of
concern to whichresults oflife cycle inventory analysis may be assigneaid
methodology for impact assessmemith subsequent interpretation to be used;
1 data requirements; assumptions; limitations; initial data quality
requirements; type of critical review, if any; and type and &irof the report
required for the studftSO, 2006a)

Life Cycle Inventory Analysis (LCJ])the second phasés an iterative procesthat

involves data collection and calculation procedures to quantify relevant inputs and
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outputs of a product systeM/hile doing such quantification, it is possible to gain more
understanding of the system, data requirements and limitations, and also arising issues
that can provoke a review of goal and sc{f&O, 2006a) One issue in LCI regards
allocation of flows and re#ses.Data collection isalsoa critical task within LCI, as

there can be practical constraintegarding data availability. These constraints are
sometimes overcome by using LCI databases such as Ecqlmeah is a library of

unit and groupprocessewvith respective inventory flows, as measured by specialists
based in real cases (most from China, Europe and the United Siate®) of them can

be adapted to other contexts by adjusting parameters in the source khaidetlata
necessary in LCI are:

1 enegy inputs, raw material inputs, ancillary inputs, other physical inputs;
1 products, ceproducts and waste;

1 emissions to air, discharges to water and soil; and

1 other environmental aspects (ISO, 2006a).

The tird phaseof LCA is Impact assessment (LCIA), vaii evaluates the significance

of potential environmental impacts using the LCI resulSIA associatesnventory

data with specific environmental impact categories and category indicators, thereby
attempting to understand these impacts. LCIA can alsoogeoa redefinition of goal

and scope of the study, in search to align results with the objeclilese can be
subjectivity in the LCIA phase, especially regarding choice, modelling and evaluation
of impact categories. Selection of impact categorieskeyaissue under study in our
research, as detailed furth&@he elements of LCIA are illustrated kigure 22. Table3
presents the environmental impact categories suggested by a highly used LCIA method
called ReCiPeThese impactcategories correspond to environmental issues connected
in a causeeffect chain Endpointsrefer to the ultimate impacts of inventory flows to the
three Ar eas of Rumant dealth,i Ecosystdm&md ARé@soyrces
Midpoint impact categories arée intermediate effects from inventory flows that are
aggregated to characterize tle@dpoint categories. This causdfect structure of
inventory fl ows, environment al i mpact cat ec¢
describes an Environmental Mechamicalled theimpact pathway(Figure 23 and

Figure 24).
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Areas of protection depend on the decision context, and so are defined by the scope of
the study. Based on the impact pathway it is possiblel¢éotsen adequate set of impact
categories that are likely to affect each AoP. Impact categories can be defined by the
ultimate impacts on the AoP, i.e., at #medpointsof the impact pathway. But they can

also be defined amidpoint levels, direct consegmces of inventory emissions and
resource flows that converge and aggregate to configure the endpoint impacts.
Individually or combined, those midpoint impacts will provoke the effects described by
the endpoints. This is why an LCA study should not comleimdpoint and midpoint
categories together, as they would present redundancy on the impacts assessment.
Actually, mi dpoints are wusually preferred
number of impact categories is differentiated and the results are anoueate and
precise compared to the three Areas of Protection at endpoint level that are commonly
used for endpoi-JR€C20®.sessmentso (EC

/ Mandatory elements \

Selection of Impact categories, category indicators and characterization models

-

-

Calculation of category indicator results (characterization)

( Assignment of LCI results (classification) j

/
-
o

Category indicator results, LCIA results (LCIA profile)

=

Optlonal elements

Calculation of the magnitude of category indicator results
relative to reference information (normalization)

Grouping

Weighting

Figure22. Elements of the LCIA phase
Source: ISO (2006a)
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Table3. Environmental impact categories suggested by the ReCiPe method

Level Impact categories

Endpoint 1. damage to human health (HH); 2. damage to ecosystem diversity (ED); 3. damr
resource availability (RA)

Midpoint 1. climate change (CC); Zzone depletion (OD); 3. terrestrial acidification (TA);
freshwater eutrophication (FE); 5. marine eutrophication (ME); 6. human toxicity (H1
photochemical oxidant formation (POF); 8. particulate matter formation (PMF); 9. terre
ecotoxicity (TET); 10. freshwater ecotoxicity (FET); 11. marine ecotoxicity (MET);
ionising radiation (IR); 13. agricultural land occupation (ALO); 14. urban land occup
(ULO); 15. natural land transformation (NLT); 16. water depletion (WD); 17. min
resoure depletion (MRD); 18. fossil fuel depletion (FD)

Final phase of LCA is interpretation of results, in which the findings from the inventory
analysis and the impact assessment are considered together. It delivers results that are
consistent with thelefined goal and scop&heyreach conclusions, explain limitations

and provide recommendationBhe interpretation should reflect the fact that the LCIA
results are based on a relative approach, that they indicate potential environmental
effects, and thahey do not predict actual impacts on category endpoints, the exceeding
of thresholds or safety margins or risks (ISO, 2006a).

A full explanation on LCAwould be too extensive for the purposes of this work. We
recommend deeper study of the referencesationedin this Section We prefer to
present an overview of the framework, as well as methodological issues that can be
tackled in researchefocused in waste management systdismope of this study)
Particulaly interesting issues we would like taliscuss in this work are: critical
decisions in LCA modellingandcommon mistakefound in LCA applicationgn waste
managemen(Table 4). Some critical decisions, which are mostly taken in the Goal and
Scope phase, are:

i Clear initialgoal definition;

1 Precise and unambiguous definition of intended application;

1 Drivers, motivations and decisia@ontext of the study;

1 System: function, functional unit, reference flow, boundaries;

1 LCI modelling framework and method approach;

1 LCIA impact cdegories;

1

Data and comparison requiremerEC{JRC 2010)
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Source: ECJRC (2010)
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These decisions are usually taken in LCA by the analysts themselves, disregarding
stakehol der swhile tharrinvgiveneent iisvrecemmended in most of the
LCA decisions.In this researclwe are focusing stakeholder consultation for two of
these decisions: system definitions and selection of impact categories.

Table4. Common mistakes of LCA applications in waste management

Issue Description
Mapping of| - Developing countries:
studies 0 Lack of waste treatment LCAs
0 Lack of primary data
0 underrepresentation of the life cycle thinking concepts
Waste system] - Studies do not cover:
assessed 0 Open dumps in lovincome countries
0 Waste prevention systems
o] Specific waste streamdsConstruction & Demolition;
WEEE
Findings of LCA| - Apparent trends:
studies 0 Favour recycling over landfilling and thermal processes
0 Generalisation of LCA results
0 Disregard local conditions
LCA methodology| - Inconsistencies:
0 A frequent neglect of the goalfitgtion
0 A frequent lack of transparency and precision in
definition of the scope of the study
0 A truncated impact coverage
0 Difficulties in capturing influential local specificities suc
as representative wastmmpositions into the inventory
0 A frequen lack of essential sensitivity and uncertai
analyses

Source: Adapted from LAURENT et al (2013)

Table 4 presentcommon methodologicassuesusually found in LCA studies. Some

of themcan be directly associated the case b WEEE management in Brazil: the
overall lack of studies and primary data in developing countries like Brazil; the non
coverage of WEEE among the commonly assessed waste streams; and the inconsistent
goals, scopes, arldcal specificitiesIn Section2.2.5we presensomeLCA studiesof

WEEE systemsapplied worldwide and discuss their methodological approadoes

tacklesome of those issues.
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2.2.5. LCA studies in WEEE reverse logistics

Swiss researchers are among the pioneers of LCA studies, and spgafic’VEEE
systems. Hischier et al. (2005) combined LCA and Material Flow Analysis (MFA) to
compare two possible scenarios for WEEE managenin Switzerland: the first
involved WEEE takéback (or reverse logistics) and recycling systems, and the second
the baseline scenarinjas consisted iIWEEE incineration with energy recoverjhe
boundariesof this second scenario included the primary production of raw material as
compensatiorto the amount of WEEE that would be recycled in the first scenario,
whichincludessecondary production of material§he definition of these boundaries is

in line with the functional unit of the study, which corresponds to the total WEEE
accumulated in the year of 2004 in the counirge schemes of both scenarios and
some reglts of this research can be found in ANNEX Their results presented clear
environmental advantages of WEEE tdlexk and recycling instead of incineration
with primary production of raw material. This advantage remains even when
incineration is ignoredin the baseline scenario. However, they concluded it is

impossible to recycle WEEE without provoking any environmental impact.

Updated scenarios for WEEE management in Switzerland were analyS¥ddey et

al. (2011) based on the abovementioned sthgyHischier et al. (20050ne of them is

the WEEE recovery scenario for the year 2009, showrigare 25. The secondnd

third scenams adopt respectivelyncineration and landfilling, including primary
production.All scenarig included some additional energy production in order to have

the same amount of usable energy (heat/electricity). This was calchkged on the
Afaverage grid electricity production and a
and heating fuel, respet i v €hle yuactional unit defined to represent the main

outputs of the three scenarios is based onthead | ed-offpb @aslkiet so appr o
which makes the scenarios comparable by extending them to cover a common set of
products and/or services. tnhi s st udyfptribelubasketorrespond
total amount of resources recovered from 1 t of WEEE (in the Swiss WEEE recovery
scenario), plus all the energy produced in the case of complete incineration of the same
amount of WE EtEbaselifei scenatiodiAlk scdnariosscan be found in

ANNEX 1, as well as detailed results.
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Figure25. WEEE recovery scenario for Switzerland in 2009
Source: Wager et al. (2011)

In general, the WEEE recovery scenario presented once again higher environmental

performance than the two baseline scenarios, as depicteBigure 26. The

environmental impacts from each scenario were calculated in the frame of the Eco

l ndi cator 699, w

hich aggregates

the three

Human health; and Resources. As explained by the authors, theimpcts of the

recovery scenario come from the processes of metal treatment, followed by CRT

devices treatment and plastics treatment (incineration and recovery, respectively). The

contribution of collection and prerocessing is marginal. Regarding tbaseline

scenarios, main contribution is again related to metals: highest impact (with almost 90%

of the total) comes from the Freshwater Aquatic Ecotoxicity Potential (FAETP), a

midpoint impact category which is almost exclusively a consequence of tha dir

emi ssions

of co

pper and nickel

to wat

used is responsible for about 60% of the overall impactamong them, the

Eutrophicati on

Potenti al (EP) and the

i Tehonly exception, i.e. the only category not dominated by the metals treatment, is the

Human Toxicity Potential (HTP), where the main contribution comes from the plastics

treat ment ,

mor e

precisely from

t helni

comparison to the study of 2004 (Hischier et al., 2@0&)e was awoverallincrease of
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20% inthe total impacts, due to tlaailability of moredetailed models for a variety of
WEEE fractions (cables, CRTs etaQn the other hand, the recovery scenkbowered
its impacts in 14%, apparently due to improvements in the treatment of plasbics

recovery, less incineratioand metals.

1400

1050

700 —

EIP (Eco-Indicator'99 Points) / t treated WEEE devices

ry baseline MSWI baseline landfilling

=3 Ecosystem Quality emmHuman Health

mmEResources —+—Treatment WEEE

Figure 26. Environmental impacts of three scenarios for Swiss WEEE manager
2009
Source: Wager et al. (2011)

As instructed by ISO (2006b), LCA impact categories must be defined technically,
rather than based on stakeholde® per specti ves. Many ot her
reverse logistics systems have been carried out by LCA and WEEE specialists
worldwide (Hischier et al. 2005; Wager et al. 2011; Bigum et al. 2012; Traverso et al.
2012; Rocchetti et al. 2013). Those studibsw for the identification of standard set
of WEEELCA impact categories:

1 Endpoint impact categories: damage to human health; damage to

ecosystem diversity; resource scarcity;

1 Midpoint impact categories: global warming; acidification; human

toxicity; eutrophication; summer smog; resource depletion.
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2.26. Life Cycle CostingLCC)

Differently from LCA, LCC impact categorieceeedt o be based on st ak

perspectivesAs defined by Swarr et al. (2011)ife Cycle Costing (LCCi s u mmar i zes
all cods associated with the life cycle of a product that are directly covered by one or
more actors in the product life cycle (e.g. supplier, producer, user or consumef; end

life agent).LCC considers the termostsin a narrow meaning: they must relate ¢alr
money flows. A second requirement in LCC is costs are covered directly by actors in
the considered life cyclénternal costy. Costs usually disregarded in LCC are those
borne by other actors, such as society or corngrstexternal coss However ®me of

these externals can be included in LCC studies if they are expected to be internal in the
decisionrelevant future.The usual LCC boundary is illustrated kigure 27. In the

caseof WEEE LCC studks costs withresources rad final disposalcan be included

within the boundaryas these life cycle stages are usually regarded in WEEE LCA
studies (Section 2.2.5)

External External External External External
Costs Costs Costs Costs Costs

T T T

Costs Costs Costs Costs

Resources Component User/ End of Life || Final >
=15 RaD source Revenue| Manufacturer |Revenue Product Revenue| Consumer |Revenue Actor | Disposal

7 1] T] 1] I

Revenue Revenue Revenue Revenue Revenue

External External External External External

Revenues Revenues Revenues Revenues Revenues

L Jl Economic (LCC) Boundary D Social & Environmental Boundary

Figure27. Conceptual framework of LCC
Source: Swarr et al. (2011)

LCC impact categories are defined based on the perspective of actors along the chain.

They also vary dependingn the life cycle stage being concern@dble 5 presents a
reference saif LCC impact categories.

36



Table5. LCC categories

Perspective
Life stage Producer Consumer Society
Research anc Market research School taxes Public education buildings
development Test equipment salaries
Wages, salaries, benefits Investment subsidies
Subscription to technica
databases
Component  Materials Taxes Waste treatment
manufacture  Energy Health insurance Water treatment
Capital equipment Health impacts
Facility O&M Brownfield remediation
Logistics Infrastructure
Wages, salagis, benefits
Product (Same as componel (Same as componer (Same as  componer
manufacture  manufacture) manufacture) manufacture)
User Distribution & logistics Taxes Waste disposal
Warranty Transportation Pollution
Customer support services Consumables Health impacts
Energy Infrastructure
Maintenance and repair
End of life Takeback program Disposal fees Recovery and disposal
Recycling deposit Pollution and remediation
Landfill development,
closure

Health impacts

Source: Swatrr et al. (2011)

One issue to be developed in LCC is that it only refers to costs. Therefore it does not
cover richly the economic dimension of sustainability, which also iesludher aspects

like profits, economical benefits, and impacts on the market, regional, national and
international economies. As discussed in Section 4, these broader aspects can be highly
important for LCSA in WEEE systems.

2.27. Social Life Cycle Assssient(SLCA)

Social Life Cycle Assessment (SLCAIlso follows the LCA stages shownhkigure21,
where goal and scope definition are the basis for all other stages. Regarding impacts
assessment, SLCAIso requires stakeholdersgagementin the assessment of social
and socieeconomic impacts of products life cyqBenoit & Mazijn, 2009). Similarly
to LCIA in LCA, sLCIA (Social Life Cycle Impacts Assessment) phase consists of
three mandatory steps:

| Selection of impact categoriasd characterization methods and models;

1 Linkage of inventory data to particular sLCIA subcategories and impact

categories (classification);
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1 Determination and/or Calculation of subcategory indicator results

(characterization)Benoit & Mazijn 2009.

SLCA impact categories must relate to social issues of interest to stakeholders and
decision makers. As in LCA, their choice must be in accordance with the goal and scope
of the study. They also correspond to logical groupings of SLCA results, arranged in a
causeeffect hierarchy where Life Cycle Inventory data is aggregateticharacterized

in subcategories, and these into impact categoFiggie 28). But as commented by
Benoit & Mazin ( 2009) , Abot h i n envenr and meent a l
evaluating social and socgzonomic impacts, situations occur where such ceffset
relationships are not simple enough or not known with enough precision to allow
quantitative causeffectmo d e | [Thene gré indeed causal chains coringcsocial

impacts themselves, as well as others connecting social, environmental and economic

ones, these chains are fdat present usually

Impact categories

Aggregation/ characterization

Subcategories

Aggregation/ characterization

Inventory indicators

()

Life Gycle Inventory data

Figure28. Concept of SLCA subcategory
Source: Benoit & Mazijn (2009)

According to Norris (2013 Mi dpoi nt s and Endpomtsaldnga exi st
0soci al I mpact pat hwayo t hat begins with
levels of impacts. However in social assessment there are very few demonstrated cause

effect chain model so.

DiscussingSLCA, Finkbeiner et al. (2010) argu t hat t he HfAsel ecti on

and their quantification is stildl one of
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The choice of impact categories, subcategories and characterization models shall be

made in accordance with the goal and scope of the sRefgrence frameworks can

serve as a library of potential SLCA categortesbe considered in sLCIANorris

(2013) suggested a set of 31 methodological sheeésfar each impacsulrategory
definedby Benoit & Mazijn (2009 according tcstakeholder categorigdable 6). The

selection of subcategoriewas achieved by looking at international agreements,

standards and guidelines that have been developatilystakeholder groupss they

capture consensus of wide audiencdfiese sheets were designed to provide

measurement sources and background irdtion sources for SLCA baseline data, as

we |l | as

a

Ameasurement recipeo f (Noriseach

2013) Detailing of potential indicators and data sources dome of theseSLCA

subcategoriesanbe seerin ANNEX 2.

Table6. SLCA subcategories for each stakeholder category as suggested in literature

Stakeholdecategory

SLCA Subcategaes

Local community

Delocalization and migratign Community Engagement; Cultur
Heritage; Respect of Indigenous Right®cal Employment; Acces
to Immaterial ResourcesAccess to Material Resources; Safe ¢
Healthy Living Conditions; Secure Living Conditions

Value Chain Actors

Fair Competition; Respect of Intellectual Property Rights; Sup
Relationships; Promoting 8@l Responsibility; Health and Safet
Feedback Mechanism; Privacy; Transparency; -&rdfe
Responsibility

Worker

Freedom of Association and Collective Bargaining; Child Lab
Fair Salary; Hours of work; Forced Labour; Eq!
opportunities/Discriminadn; Health and safety; Social Benefit/Soc
Security

Society

Public Commitment to Sustainability Issuedrevention anc
Mitigation of Conflicts; Contribution to Economic Developme
Corruption; Technology Development

Source: Norris (2013)

Selection 6the functional uniin SLCA modelscan follow the guidelines defined for

LCA functional units, as suggested by Weideeataal (2004) apud Benoit & Mazijn

(2009).1t consists of fivaterative and possibly concurresteps:

1. Describe the product by its pegp t i es i ncl uding

utility;
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2. Determine the relevant market segment;

3. Determine the relevant product alternatives;

4, Define and quantify the functional unit, in terms of the obligatory
product properties required by the relevant market seggmen

5. Determine the reference flow for each of the product sys{evesdema

et al, 2004 apudBenoit & Mazijn, 2009)

In SLCA, the definition of the function (Step-Z3) needs to consider both the
technical uti ity of t hdlitypuichcandeé descnbed t he p
as fa range of soci al aspect sprseucthi gaes etticm
(Griesshammeet al., 2006apud Benoit & Mazijn, 2009).The overall properties of a
product may be related to:

- Functionality, referring to tle main function of the product;

- Technical qualitysuch as stability, durability, ease of maintenance;

- Additional servicesendered during use and disposal,

- Aestheticssuch as appearance and design;

- Image(of the product or the producer);

- Costsrelated tgourchase, use and disposal;

- Specific environmental and social propert{iBgnoit & Mazijn, 2009).

2.2.8. System modelling in LCA and SLCA

Benoit & Mazijn (2009) explain that a product life cycle is not a single, objective thing,
but an ideaor an abstracsystemthat can be defined differently by different people and
their worldviews. Decisions forthe modelling ofan SLCA product systemare
influencal by driverslike: (individual) world-view; (conception of the) overall goal of

the study;realities of air existing databases, software, and professional prastimb)
budget, goal & scope; data quality goadsd results of sensitivity analysisthese
subjective aspects constrain t hdefiningdae a | sys
system we actually ussndseek data to modéFigure 29). The datave actally use to
construct our modek thereforea simplification of the complex reality dhe system,
representing a particular framef a broader decision context consisting of
interconnected social, economic and environmental aspects, as well as cognitive

concepts andules
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(Conceptions of the) Realities of our existing
overall goal of the World-view databases, software, and
methodology professional practice

Study budget, goal &

Banks,_ Insuyance_ scope; data quality goals,
Companies, Financial results of sensitivity analysis
Analysts
The system we wish we The system we The data we
could model; the one we actually use/seek actually use to
have in mind as an ideal data to model construct our model!

Figure 29. Influences of drivers on the conceptugstem (incl. model ar
data) in a study area
Source:Benoit & Mazijn 009

Either in LCA and SLCA, the product system should be modelled in sweay that

only elementary flows cross the system boundaries, i.e. no produatermediate

product flows (economic flowsgnter or exits the systerystem boundariemust be

defined and refined iterativelguring modelling, applying sensitivity assessments

While explairing choices it is suggested to useLEA system boundary #eng and

building upon it for SLCA. This is because SLCA studies have usually adopted
attributional modelling,while care should be taken @nsequentiahssessmentsvhere

Al mportant consequences arise as .@Asesult
experience is acquired through increasingC3\ practice, the reasons whyL&A

system boundary may or may not differ frorALEA system boundary will become

Y

clearero (Benoit & Mazijn, 2009).

The choice ofattributional or consequentiaimodelling is oe of the most important in

the scope definition.Attributional modelling depicts the system as it can be
observed/measured, linking the single processes within the technosphere along the flow
of matter, energy, and services (i.e. the existing sugipdyn) The consequential Cl
modelling framework aims at identifying the consequences of a decision in the
fiforegrouna system on other processes and systems of the economy and builds the to

be-analysed system around these consequences.
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The analysed systermaf boundaries (dashed borderFigure 30), separating it from

the remainder of the technosphere and from the ecosphere. The system may be divided
into theforegroundsystem of processes that are specific to the analysed systewm
operations and fixed suppliers. The processes ibdbkgroundsystem are not specific

but purchased via a (theoretically fully homogenous) market. The system is the exact
sum of the background and the foreground systems. Quantitatively irrefeovesitcan

be excluded, i.e. cudff (dotted arrows) (EE€JRC, 2010).

Ecosphere

Technosphere

Legend:

|
i
1= I:l Process
1
1

—— Product or waste flow

———  Elementary flow

---» Excluded product or
waste flow

---------- *»  Excluded elementary flow

E v @  Allocation / Substitution

Figure30. Analysed system divided into foreground and background systems
Source: ECJRC (2010)

The foregroundsystem Figure 30) is defined by those processes that are regarding
their selection or mode of operation directly affected by decisions anaitytesl study.

In contrast, thdackgroundsystem comprises those processes that are operated as part
of the system but that are not under direct control or decisive influence of the producer
of the good (or operator of the service, or user of the goodprisequential modelling

the background system comprises everything except processes at the producer/operator
and t heosnee O0fitsiueprp | i e r sternwc¢omntractuak telatiors existoamd)
which hence cannot be changed {&#RC, 2010).

After modeling the actual system, it is relevant to ask the questions:
1. Where are the processes located in the World?
2. a) What is (or who are) the enterprise(s) or organization(s) involved in
each of the processes? b) Who are the other stakeholders (society, local
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commurty, workers, consumers, value chain actors) involved in each of the

processes? (Benoit & Mazijn, 2009)

2.2.9 LCC and sLCA studies in waste management

A good example of an SLCA application to waste management is the study by
Aparcana and Salhofer (2013dcused in the development of an SLCA methodology

for recycling systems in lowncome countriesBased on a literature revievine authors

have selected 26 semuantitative indicators related to impact categofiesble 7 and

ANNEX 3. Social impact categas$, subcategories and indicators for recycling systems

in low-income countrigsthat represensocial problems of informal recyclers. Two

alternative system models are described, one representipical tyaste management

system in lowincome countriesHigure 32), and the second describing a formalisation
approach based on cooper &igureBD. Oneirestiictiom e cy c | et
aboutthis approach is that no stakeholder was involved during the selection of impact

categories or the system modelling phases of SLCA.

Table7. SLCA impact categories and subcategories for recycling systems

Category Sub-category

Humanrights | Child Labour; Discrimination

Working Freedom of association and collective bargaining; Working hc
conditions Minimum income, fair income; Recognised employment relations

and fulfilment of legal social benefjt®hysical working condition:
(health, security, working equipment); Psychological work
conditions

Socic Education
economic
repercussions

Source: Aparcana and Salhofer (2013)
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Informal recyclers
colleeting recyclable )'
g waste from households .
§ Recycling
= Informal recyclers companies
= gy | collecting recyclable »
m waste from streets and
E‘ dumpsites
&
AR L e e e — e —  — . e —
=
—
(="
3
™y
% Municipal workers
| L R » collecting mixed - Landfill
waste (mo recycling)

Recyclable waste flow —)

(plastic. glass, metal, paper

and cardboard)

bixed waste flow A e T
(organic waste. non-recyclable and recyclable matesials)

Figure32 Typical waste management system in{ioaome countries

Source: Aparcana and Salhofer (2013)

. eS|/ Formalised recyeclers \—) Recycling
Citizens (waste collection, sorting < Company
and pre - treatment /

5 e i NGO |=..— Municipality

Workers of the
Recyclable waste flow %
municipal waste g
& : Residual waste flow sryromzseely
collection service for
> Money flow wawed
residual waste S
Organization/management — .. o

Figure31l Formalisation appra@é based on cooperation with recyclers' associati

Source: Aparcana and Salhofer (2013)

There are few but interesting LCC applications in waste management (Reich 2005; Kim
et al. 2011; Masarutto et al. 2011An interesting feature in some of them is that they
consider expanded system boundaries based on the usual LCA system boundaries, by
including processes of resources or energy supply to support allocation ofAdlosts.

them have ampared financial costs to environmental impacts or césgh (2005)
compared diverse scenarios for MSW management in Sweden. Their financial costs are

presented irFigure 33, detailed in terms of stages of theaste management system.

44



They have also calculated the costs for the external system, i.e. processes within the
extended boundaryF{gure 34). They have also calculated environmental costs using
three different metbds, one of which being EPS 2000, which is based in LCA results
(Figure35). Observing their results, it is clear that landfilling was the worst option both

in economic and environmental terms, while other solstlie incineration, anaerobic

digestion (AD) and recycling are balanced.

Financial Costs - Waste System

MnSEK/yr B Landfill
60 E Organic residue
spreading

50 EBiogas utilisation

40 - @Incineration

BEComposting

30 1 NPlastics recycling

20 | OCardboard recycling

Collection

M Transports

Figure33. Financial costs of alternative MSW systems in Swe
Source: Reich (2005)

Financial Costs - External System
MnSEK/yr

160 ¢

B Electricity
140 + -

BExternal nutrients N, P
120 +

B External heat
100 +

80 | | SExeternal vehicle fuel

60 - wed-— | OVirgin cardboard
& Virgin plastic

—  HEWaste System

Figure34. External costs of alterntive MSW systems in Swi
Source: Reich (2005)

45



EPS 2000
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Figure35. Environmental costs of MSW systemsSweden
Source: Reich (2005)

2.210. Principlesand challengefor an LCSA framework

As introduced in SectiorR2.23. Life Cycle Sustainability Assessmeritife Cycle
Sust@nability Assessment corresponds to the integrated application of LCA, SLCA and
LCC approaches. While LCA is standardized with richly developed methodd/G§

and SLCA frameworks are still in their early stages although some pathway has been
establishedn recent yearsThe establishment of a standard LCSA framework depends
on the consolidation of SLCA and LCC, whilst fallmg improvements on their root

reference (LCA standards).

It is possible to assume that the main challenges to LCSA are relatesitvs and
improvements in LCA; development of SLCA and LCC standards; and the integration
(or aggregation) of the three streams within an overall frameviRegarding the last
topic, some main references in LCSA suggest an approach based in the aggodgat
social, economic and environmental scores th&ocalculation of final sustainability

index (Figure36) or endpointcomposite indicats representing each dimensidfigure

37). Researchers selected the impact categoriegyure37 focusing ormunicipal solid
waste(MSW) management system®ne problem with aggregation of indicators is the
reduction of a complex realitytio a simple narrower representation of reality, based on
mathematical modelling assumptions, usually in models developed by specialists
disconnected to each particular problem situation. This is the case of the weighting
scheme of social, economic and iommental factors proposed kigure 36.
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Another issue with aggregation approaches is that they can hardly deal with qualitative
indicators. This issue has been dealt with by the use of dashboards or mwdticrit
methods (discussed in Section 2.3). The Life Cycle Sustainability Dashboard (LCSD)
suggested and applied by Traverso et al. (2012) and illustratEdyune 38, where
performance in each indicator is presented qualitativaetg, a sustainability index is
calculated based in the aggregation of indicators within each dimension. Although the
visual representation of dashboards can be useful for stakeholder consultation in
decisionsupport, if aggregation is still to be adoptedyrgmeters like weights and
tolerance thresholds need to be determined also with stakeholders, what can lead to
significant variations of suggested values. There are other methods like multicriteria
approaches that do not fall into a final overall index, dan provide a rank of best to

worst or a classification of assessed options.

Wec =100%
We
Ws

0%

0% Wec Weighting factor economic

Ws  Weighting factor social

We  Weighting factor environmental

Wec+ Ws +We = 100%

2YAVAVAVAVAVAVAVANS
0 LNINCNININCNININ  Noo
WAVAVAVAN

N NN NN\ oo
Wec = 00 100,00 80 70 60 50 40 30 20 10 0 Wec= 0%
We =100% - Wein% We = 0%
Ws = 0% Ws =100%

Figure36. Life Cycle Sustainability Triangle (LCST) graphical scheme
SourceFinkbeiner et al (2010)
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Broaden the scope of LCA
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Figure37. Framework for LCSA of MSW management systems
Source: Menikpu et al (2012)
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Figure38. Sample results on Germany for a use of the Dashboard of ! Sustarnabrlrty

Source: Traverso et al. (2012)

One problem with this and all aforementioned LCSA applications is that they did not
consider stakeholder perspectives in the selection and evaluation of impactiestegor
what is needed especially for LCC and SLCA, according to what was discussed about
their methodological guideline¥hese approaches need to be reviewed and adapted if
they are to be integrated within a formal LCSA framework that considers all

methodobgical recommendations.

Other issue to be developed within a formal LCSA framework is the definition of
foreground and background systems within a scope of the study, their respective
functions and flows with consequent reference flows and functioris. Despite the

need for considering stakeholder perspectives in determining these system models, there
is a trend in following the same usual structure adopted for LCA sysiembased on
material flows Figure 39). However,in SLCA and LCC there can be other flows like
actors, capital, information and other resources, which are integrated to the LCA

usuallymodelled systems, describing a broakfercycle chain ofproduct systemike

49



WEEEDS .All those flows are consideredh@ external inFigure 39, meaning that the

processes that produce them are occult within the simplified context of background
systemsRat her , they should be put in evidence
processes can inunce significantly the quantity or quality of these flows, what in turn
influences SLCA and LCC results.A potential methodology to support system

modelling in LCSA is SSM, as discussed in Section 2.3.
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Figure39. LCA framework of an intented MSW management system in Thailand
Saurce: Menikpura et al (2012)

2.3. Complex decision problems and potential decsion-support tools for

sustainability

Many researches have focused on decisigpport tools able to manage the complexity

of waste management systeriorrisey and Browne (2004), in their survey paper on

waste management models, found a variety of deemipport methods and todlsat

have been applied to waste managem&nth as risk assessment, environmental impact

assessment, cost benefit analysis (CBA), multicriteria deemimking andLife Cycle

AssessmenfThey identified thelsortcomings of edcof these methogasdescribed in

Table 8. Most models assume that all options and decision criteria have already been

identified, and that the most important stage is the evaluation of alternatives. The type

of tool selected ab depends both on the decision being made and on the profile of the
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decisionmakers who are the clients for such decisapport project (Morrisey and
Browne, 2004).

The authors concluded that:

None of the published models have considered the compiedee management
cycle, from prevention to disposal. Most are concerned, rather, with refining the
actual multicriteria technique or with comparing the environmental aspects of WM
options;

No model examined environmental, economic and social aspectedogad none
considered the intergenerational effects of the strategies;

The noninvolvement of all relevant stakeholders in the decision making process is a
major shortcoming;

Important steps in decision making for municipal solid waste managemerieare t
formulation of the problem and the involvement of stakeholders (Morrisey and
Browne, 2004).

Table8. Shortcomings of traditional methods for modeling in waste management

Method Shortcomings

Cost benefit - Environmental decisiommaking usually involves competing interest groups,
analysis conflicting objectives and different types of information and CBA is not suitable
(CBA) these decisions;

- CBA allows improvements in one dimension, to compensate for deterioration
anothe, which is not a strong sustainability approach.

Life cycle - LCA has not been subject to public involvement, being a specific and highly
assessment  technocratic tool. Because it is incapable of dealing with health effect predictior
(LCA) has partiarelevance to public deliberation;

- LCA cannot predict actual effects. It is a comparative tool that reduces data tc
loading based on simplifying assumptions and subjective judgements, and hen
can add independent effects into an overall hazewde;

- It cannot easily deal with localised environmental impacts which become a pu
priority, or with effects that cannot be quantified as outputs;

- Cannot deal with time dependant impacts;

- Models which consider the full life cycle are complex &ady detailed, and
potential users (decisiemakers) often lack the expertise and data, tending to loc
financial data.

Multicriteria - Allocation of weights in outranking methods (ex. ELECTRE), are not concerne
decision with the waycriteria or alternatives are selected;

analysis - The number of criteria/alternatives can be very large.

(MCDA)

Source: Adapted frorvlorrisey and Brown€2004)
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Those conclusions reinforce the necessity c
proper formulation b a decision problem regarding waste managemeongring
environmental, social and economic aspects. This is a potential contribution from

Problem Structuring Methods to waste management.

2.3.1. Complex decision problemusd Problem Structuring MethodsSR1)

Nowadays, decisiemaking, and its supporting activities of systems modeling and

problem solving are immersed in a context of unprecedent complexity and uncertainty.
Complexity refers to the densely interconnected networks and ramifications that canno

be ignored. Uncertainty relate to choices from other decisiakers and their

consequent influences, the dynamics of those turbulent networks, unexpected and
unpredictable events, and the fluidity of organisations and indiaddal mi s si ons. T
complexty of contemporary problems exposes the limitations of traditional deeision

support methods, usually based on mathematical modeling whistaim f i nd t he 06D
solution for rather shielded and predictable decision problems (Rosenhead and Mingers,

2001).

Various authors from different disciplines have observed a dichotomy of problem
structures (Rosenhead and Mingers, 2001). Their characteristics are ghade.

Table9. Tame versus Wicked decisiproblems

Tameproblems Wickedproblems
Individual components of complex system Complex systems of changing interacting
problems
May be solved Need to be managed
Can be specified in consensus, do not cha Alternative types and levetsf explanations
during analysis and phenomena of concern

Good and bad solutions, judged by interes

True or false solutions, judged by analys .
Judg y y parties themselves

Relatively unimportant to society at large Greatest human concern

Essentid vy i ndepende niews

and beliefs |l mportance of part

Source: Rosenhead and Mingers (2001)
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The dichotomy of problems presentedTiable 9 also suggests that a dichotomy of
methodological approaches for decisimaking supprt is appropriate Table 10).
Traditional methods, based on mathematical models for findinggtieum are more
applicable taameproblems, while Problem Structuring Methods (PSMs) are designed

to support decisiomaking inwickedproblems.

Tablel0. Traditional modeling methods versus Problem Structuring Methods

Traditional Modeling Methods Problem Structuring Methods

Problem formulation in terms of a single  Non-optimizing; seeks alternative solution:
objective and optimization. Multiple objéots acceptable on separate dimensions, withc

are subjected to trae#=f onto a common scal tradeoffs

Overwhelming data demands, with consequ Redwced data demands, achieved by grea
problems of distortion, data availability anc integration of hard and soft data with soci:

credibility judgements

Scientization and depolitization, assumec Simplicity and transparency, aimed at

consensus clarifying the terms of conflict

People are treated as passive object Conceptualize people as active subjects

Assumption of a single decision maker wit  Facilitates planning from the botteup
abstract objectives from which concrete
actions can be deduced for implementatic

through a hirearchical chain of command

Attempts to abolish future uncertainty, anc Accepts uncertainty, and aims to keep optit

pre-take future decisions open

Source: Rosenhead and Mingers (2001)

ObservingTable 8, Table 9 and Table 10, we can acknowledge that most waste
management analyses are based on the traditional modelling perspective associated with
Ot amed pr obl e msost LCANLCG and BLECA unddels, as discussed
previously. However, sustainaityl-relatedproblems are morwicked which suggests

the adoption of PSMs at some level of decisapport.

In PSMs, an important methodological step is usually to draw diagrams that can
visually represent stakehol der s &oprmeapscept i on

as diagrams to support reasoning is a feature in several areas of knowledge. Methods
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which are quite widely used are Concept Maps (Novak and Cafias 2008), Thinking
Maps (Hyerle 2008) and Mind Maps (Buzan, 1994). Mostly they are used to enhance
meni ngf ul l earning and <critical thinking,

unknownso.

2.3.2. Strategic Options Development and Analysis (SODA)

One of the most used PSM is Strategic Options Development and Analysis (SODA).
SODA is a tool to support dsion-making on messy problems. Its main features are:

A The construction and analysis of a model representing the interconnected issues,
problems, strategies and options which members of the team wish to address; and

A Facilitation for reaching workabland feasible agreements in group decision

making (Eden and AckermammRosenhead and Mingers, 2001).

The main technique for building such models is cognitive mapognitive maps

structure individual decisieoma k er 6 s speech acsenhedyétemcept
connected by c au s-affect dracturdcawsal inaps with ends orc a u s e
goals towards the top and means or causes below(&igare 40). For group decision

making, individual maps are joined togethsramerged map

Goals

improve level

of service

Strategic directions
centralise service

open local offices

greater
delegation of
authority

Potential options

follow current
management
intiatves

Figure40. Common structure of cognitive maps
Source: Eden and Ackermann (1992)
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Cognitive maps are built based on the stake
either simultaneously to the interviews; by recording and transcribing them. The
stages for building a cognitive map are:
1. Separate sentences into distinct phases;
2. Build up the hierarchypotentialgoals at the top, supported by concepts
indicating strategic direction and further on with peigroptions;
3. Watch out for goals: the most superordinate concepts, regarded by the
stakeholder as good things per se;
4. Watch out for strategic directions, that have such characteristics: long
term implications, high cost, irreversible, need a portfoliactions to make
them happen, may require a change in culture. Potential options are concepts
that explain (and thus suggest potential solutions to) the key issues to which
they are I|linked. Links (arrows) betwee
leadt@ or fAmay i mpl yo;
5. Look for opposite poles. These clarify the meaning of concepts, and are
usually represented in) causal maps aft
6. Add meaning to concepts by placing them in the imperative form and
where possible including actors and acsiohhrough this action perspective
the model becomes more dynamic;
7. Retain ownership by not abbreviating but rather keeping the words and
phrases used by the problem owraertie interviewed stakeholder);
8. Identify the option and the outcome between eachgseconceptsand
build links (arrows) between them;
9. Ensure that a generic concept is superordinate to specific items that
contribute to it;
10.Code the first pole as that which the problem owner sees as the primary
idea (idea first started].he first poletends to stand out when reading a map.
A consequence of this is thait) leivhekns me
though it would be possible to transpose the two poles in order to keep links
positive;
11.Tide up in order to provide a better more completdeustanding to the
problem. Ensure to ask why isolated concepts are not linked in to the main
parts of the map. This is often an in

thinking about the issues involved;
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12.Start mapping about two thirds of the way up the papée middle and
try to keep concepts in small rectangles of text rather than as continuous
lines of text(Eden and Ackermann, 1992).

When organized i n caus arakingaigceursessand&kusddo | der ¢
to generate a meawesids structuréFigure 41, based on Keeney 1996; Ackermann et

al. 2004; Montibeller and Belton 2006). In this topology, decismmk er sd ends/ go
are positioned at the top of the maps, with means/options at the bottom (Montibeller and

Belton 2006), as inFigure 41 (The causal chain shown by the arrowsFigure 41

represents a segment of the merged map built in our case study, see Sedtion 4).
comparison withFigure 23, it is possible to realise that the structureFigure 41

resembles the LCA impact pathwdf/the impact pathway is analysed with a strategic
perspective (elements interpreted towards action), avoiding midpoint and endpoint

impact categories might be operational and strategic objectives, respectively.

Minimize

STRATEGIC OBJECTIVES 2
environmental

- GOALS / ENDS

4 |
-

Minimize air  Minimize water
g OPERATIONAL OBJECTIVES - emissions  contamination
M
w} \ ®
-
Bl  se=-upaass panases o b
& Avoid WEEE
& g[RCE'?TOgNS Recycle WEEE components landfilling
= Il I
3 regionally... export =
g e ‘\ MEANS
__-——_______—;\‘-:\:.———_i —————
"™ Install technically
POTENTIAL - adequate recycling
ALTERNATIVES Gather incentives and /,,/ plants
financial support from
U Government

Figure4l Structure of a causal map, case study Brazilian WEEE reverse logistics
Source: Souza et al. (2014)

One of the main contributions of causal maps is the support they provide for the
selection of decision criteria. In order to assess decision alternatives, broader strategic
objectives at the very top of the maps mus
ones (Franco and Montibeller 2009), or br ok
Such operational objectives are definectiateria to measure the degree of attaimne

of the concern expressed by broader objectives. As such, they can be translated into
performance indicators, and adopteddasision criteriato assess alternatives (Franco

and Montibeller 2009).
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Both the impact categories in the impact pathwagure 23), and fundamental and
operational objectives in causal mapsy(re 41), measure the levels of good or bad
effectsprovoked by lowetevel decision alternatives, or, in LCSA, alternative systems
with their respective inventory flows and emissions. The basic value of causal maps for
LCSA is then to identify desirable and undesirable effects reflecting implicit or explicit
iIssues of social and economic concern for the stakeholders.

Decision objectives ¢m be translated into decision criteria to assess options. An
adequate set of criteria needs to satisfy some desired properties, as pres€abdd in
11 This is also true for a set of LCA impact categories. Despite differerfces o
terminology, there is a high degree of convergence between decision science and LCA
main references, when it comes to the expected characteristics of a coherent set of

decision criteria or, in our case, the set of LCSA impact categories.

Table11l Comparison of expected properties of a set of decision objectives and of LCA

impact categories

Properties of decision objectives Properties of impact categories

Essential consider all essential objectives

the decision

Consider theessential objectives/goals

Understandable clear meaning for all th

members of the decision group

Comprehensive, internationally accepted

Operational it should be possible to meast
the performance of decision alternatiy

against each of the fundamtal objectives

Measurement indicators represe

aggregated endpoint impacts

Nonredundantthey should not measure t

same concern twice

Avoid double counting

Concise the smallest number of objectiv

required for the analysis

Only environmentally retvantcategories

Preferentially independent performance
measurement of decision alternatives on
objective disregarding all other objective
allowing for the use of an aggregati

function

Aggregation of impacts

Source: Souza et al. (2014)
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Becausec ogni ti ve maps and the merged map ar e
perspectives on a problem situation, they are usually adopted as tools to structure
decision problems in order to analyse its complexity towards accommodations and
decisionmaking. For his property, SODA is usually applied combined with otinend

or soft methods. A common combination is between SODA and Soft Systems
Methodology (SSM).

2.3.3. Soft Systems Methodology (SSM)

Anotherof the most widely used PSM Soft Systems MethodologysSM). Its main
feature is the development of alternative models to represent the system from a range of
different perspectives. Although dealing with the same problem situation, these SSM
models will each describe a different set of processes seen wmantefeom that
particular perspective, and consequently different inputs and outputs, resources, actors
and purposes. Traditional modesed waste management methods reflect only a few of
the possible perspectives on the system. SSM can provide analysteasion makers

with richer descriptions of the realorld system, allowing for a better understanding

and assessment.

SSM operates by developing a set of models to be compared to the real situation, in

order to stimulate debate about change. As ddfiny Checkland and Poulter (2006),

SSM is fAan organized, flexible process for
as probl emati cal ( é) an organized process
action to i mprovedo idapecessibdsedan a particular bodyd , f i |
of ideas, namely systems ideaso.

Figure 42 illustrates theseven stagesf an SSM applicationlt is in stage 2 (Rich

Picturing) that SODAs usually combinedto SSManmore det ai |l , SSMO6s ste
1 Graphical representation of the complexity of interests, values, conflicts
and issues in the problem situation (Rich Picturing);
1 Naming human activity systems which are hopefully relevant to

exploration of the problem situatioR@ot Definitions);

58



1 Building activity models (Conceptual Models) of those Root Definitions,
which serve as logical machines consisting of a set of the essential activities
required to pursue the purpose specified in the Root Definition;

1 Carrying out multileel analysis, by detailing specific activities within a
conceptual model as Root Definitions themselves, with their own subset of
activities;

1 Comparing activity models with the reabrld situation, identifying

critical differences and conducting debateowtb these possible changes

(Checklandn Rosenhead and Mingers, 2001).

Action kb

Improve Fhe

Problem

Sikvalida
7

Roblem sitvahion
Considered
problemaric

1
Problem sitvahon
expressed 2

Root definitions
of relevant

Changes :
Systemicall
desirable
cullurall,
feasible

Comparison of
models and
real world

Real World

S TG
Yalns ThinKiny

Werlel

Conceptual
Mmodels of He
Systems (Aolons)

pu(‘!_oteful
achviby nomed in e
Systems rook definihons

Figure42. The SMM seven stages
Source: Checkland (2000)

In summary, the main elementsS$Mare:

1 A problematical realvorld situation seen as calling faction to improve

it;

1 Models of purposeful activity relevant to this situation (not describing it);

1 A process of using the models as devices to explore the situation;

1 A structured debate about desirable and feasible change (Checkland and

Poulter, 2006).

In SSM, potential strategies for a problem situation are describ&badbty Definitions
(RD). SSM starts with the problem structuring intdRech Picture from which the
analysts are able to identify purposeful activities systems with potential implementatio

in the situation. In the Figure 1, we present a Rich Picture for the problem of reverse
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logistics implementation in Brazil. The next step is the systems thinking phase, which is
the description of RDs.

A Root Definitionis a purposeful actiorhflon), sructured asuman activity systems

which might transform the perceived situation expressed ifRitle Picturing(where

the problem in the real world is expressed). The core element of a RD, which allows for
the conceptual modeling, is Bransformation Pocess(T) which best describes the
purposeful transformation of amtity - the main input of T, not to be confused with the
resources necessary for its transformation. These relevant purposeful systems are
defined in the RDs, but modeled i€onceptual Mdels (CMs), where the

Transformation T is detailed in its elementary activities (Checkland & Tsouvalis, 1997).

There are two different kinds of ROPrimary taskRDs express a notional human
activity system whose system boundary might be expected to @®indih realworld
organizational boundaries, may these be the whole organization or some department or
section. The second kind of RDs @ssuebased so their boundaries do not in general

coincide with a real world manifestation (Checkland & TsouvaB87).

The most effective way to describe a RD is by the analysis PQR, what means to
describe the RD as fia system that PQRoes OP6O
ensures system thinking at three |®20oel s, p
its contri but i-snygs taecmsioviari efsh oavs? oi;suabnd a A wi
which comprehends t he sy heekiand 2600)Analysie | ev el
of SSM RDs igdetailed byCATWOE, which is an acronym faspects of each RD tha

must be analysed and describ&lients (who receives the outpuyt)rransformation,

World-view (what gives the RD a meaning to exi€yyner (who can make the system

no longer exist), Environment (surrounding conteRAATWOE can also be sometimes

be adaped to BATWOVE, were Beneficiaries (B) or Victims (V) of the system are

adopted instead of Clients (C).

The process ofnodeling RDs ito Concept Models (CMs) igresented irrigure 43. It
is done by using verbs to describe aiti®s, and by assembling a handful of such
activities structured in terms of logical dependency. The purpose of the conceptual

model is notionally to accomplish what has been defined in the Root Definition
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(Checkland & Tsouvalis, 1997). There must alwagsdativities of monitoring and

control of efficacy, effici.ency and effecti

In order to gain clarity on the relevant purposeful activity which is being modeled in

RDs and respective CMs it is stimulated to analyze the possihlions of T, and one

way to do this is throughmultilevel analysis(Checkland, 2000). This involves a
perception of a causal hierarchy through transformation processes and activities, in
which a determined system deesofsulbsysterasod what 06
activities describe O0howd this O6whatd must
down this hierarchy, we can reveal new possible RDs to be modeled, as much as we can
better contextualize the RDs actually being modeled.

Gien -

defmition of T, E12,3, CATWOE , Root Defintion (FRR)

(1) Using verbs in the (mpecative (‘obtain faw material X') write  down
e ——

activities necescary fo carry ove T (obran T, fransfors it
dis pose ef Ood-pvt)_ AN, Sor TE2 activities

(2) Select achuites which couvld be dene at opce (e ot

OO

(3> M on A ";"-, Hen these dependent on Fhese

F[l:‘t' ach;‘:hi‘ on o line befow 3 conbinve i Mis ,fus‘\.lbn

dependert on oi"ke.rs);

unbil all achivibies are occovnted for,

Trdicate he dependencies : a (DD
roeatz
(Y fxx D G
e D e

(=) Re deavs to aveid aw.rla.ppt;\g arrows uhaere peossible ond
nect

aptd mon;l’o(“l;tj and conlrol

—

Figure43. Modelling Root Definitions into Concept Mode
Source:Checkland (2000)
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A comnon problem in SSM may appear in the multilevel analysis or even before it: the

fact that different CMs may be modeled for the same RD. As explained by Mingers

(1990) apudCheckl and and Tsouvali i s (1997), it he
determined exparsn of and RDi any CM must involve some selection from valid
alternativeso. GpudhOhexidaadh&bTeauvagles (1997) xdlaids )this
occurs because whidaet iRDist ieexspbr,e s@MsO marce or e
abstract stored knowledge, whi can vary from one person to other. This way, we

cannot expect CMs to behave deterministically. According to Checkland and Tsouvalis
(1997), the o6érelevantd systems are selecte
allows for multiple possible interpiaions of the purposeful activity. Hence it is normal

to work with a number of models, not a single one.

If there can be CM variations, such that each of them receives the same main input and
produces the same main output, so there mighdalteenative CMs, what means that

they are alternatives for tWel samsdshaamns @ d
SSM). Woodburn (1995 pud Checkland and Tsouvalis (1997) suggests activities in a

model must be connected in such a way that the next activity teesgteive the output

produced by a former one. By multilevel analysis, each of these activities may be
modeled as new RDs, with their own set of activitiegltrnativeCMs may have very

different configurations, while producing the satrensformationof aninput into an

output.

SSM can be a useful tool to support system modelling in LCSA, and thus helping in the
definition of foreground and background systems, identification of their functions and
flows, as well as a richer description of the systdapgsCATWOE and other SSM
analysis A comparison of SSM CMs and LCA product systamslustrated inFigure

44,
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Figure44. Comparison of SSM CMs and LCA product systems

Source: Authors

2.34. Multimethodology: combining i Sof t 0 and

methods

ifiHar do

Operati

Some decades after showing upthe 1940 years, Operational Research (OR) avas

research areastill restricted to approaches that use mathematical mofils

performance assessment, simulations and projectiogwe scenariosHowever, in

the past decades a new OR area emergedhwalkes care of more subjective aspects

involved in the perception of complex decision contexts. The first, traditional OR area
can be calledHard OR while the second is calleSoft OR which includes PSM In

Figure45, Checkland (2000ijlustrated the difference d®R Hard and Softn the first,

the analystsees the world systemically, and identifies a system in which specialized

engineering will be appliedn Soft OR, the analyst sees complexity, but searfdres
systemic approach to explore such complexity.

Although in most researches these streams have been approached independently, lately

researchers have found meanscofmbining different Hard and Soft OR methods,

exploring their potentials in an integrated frame. Mingers (2010) explains that usually

problems related to situations in the real world are complex and have diverse

dimensiong technical, social and persondhus, projects normally go through diverse

stages, in which determined methods can be more appropriate than others. The author

also mentions that methods can be used in many ways, i.e. they can model situations in

different dimensions.
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Figure45. Hard OR versusSoftOR
Source: Checkland (2000)

Multimethodologycorresponds to the use of multiple methods to approach a complex
problem in the real worldt is a deliberate search to combine a diversity of methods,
possibly hard and soft, in search to equate the richness of the problem situation and
effectively dealwith the different stages of a projegdfingers 2010). Mingers (2010)
presents some arguments for the use of multimethodology
1 Each method reveals certain aspects of the situation, but is completely
blind to others. These aspects can be found in the iadatsocial or personal
world;
1 An OR Project is not a discrete event, but a process that has diferente
stages or different types of activities prevailing in different times. Particular
methodologies and techniques are more useful in some stages thagers) sh

a combination of approaches can be necessary to provide a reasonable result.

As mentioned, different methods can be more applicable each to a determined stage of a

project. According to Mingers (2010), the four stages of an OR project are:
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1 Percepion of the situation as experienced by involved actors and
expressed by participants in the situation. This involves an initial identification
of concerns to be approached; conceptualization and design of the study; and
generation of basic data using methosuch as observation, interviews,
experiments, surveys or qualitative approaches;

1 Analysis of the produced information allowing to comprehend and
explain why the situation is as it is. What are the fundamental structures and
constraints that shape theusition? This involves methods for analysis that are
appropriate to the objectives of the intervention and to the information produced
in the first stage;

1 Assessmenbf possible explanations and potential changes to the
situation. This involves generatiraternative arrangements or courses of action
and an evalauation of them being desirable and feasible;

1 Action to bring changes, if necessary or desirable, or to relate and

disseminate results if the project is merely reseg@viithgers, 2010)

According toHowick and Ackermann (2011), there are different ways to combine

OR techniques:

i Direct comparison of methods;

1 Improve a method by bringing elements of other method

1 Creation of a new method by integrating elements from different
methods

1 Combination of etire methodologies; and

1 Combination of partitioned methodologi€slowick and Ackermann
2011).

Howick and Ackermann (2011) identified a large number of combinations of a
complexity of OR methodologies, such as SODA, S&Mta Envelopment Anaysis
(DEA), MultiCriterial Decision Analysis (MCDA), Data Miningnd many others

Francoand Montibeller (2A.0) presented diversols (includingPSM) that can be
applied to different stages of an MCDA model. A summary of these activities and their

respective PSM agipable is shown inTable 12. In this research we do not emphasize
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MCDA methods and applications, but we consider sustainability as a multicriteria
decision problem, as it involves several social, environmentagée@obmic criteria that

lead to a decision.

Table12. Tasks and tools for structuring MCDA models

Phase 1: Problem Structuring

Activity Task Supporting tools

Capture the different understandings ab
Defining the| the muticriteria problem and facilitate a
Problem definition of the problem that is shared 4
the client (or client group).

Cognitive mapping; Dialog mapping; SSN
Strategic Choice Approach (SCA¥roup
model building; Decision framing

Powerinterest grid, star diagrams

stakeholder influence diagrams
stakeholdeissue interralation diagrarand
problemframestakeholder maps

Determine e type and level of
participation of different
stakeholders required for the interventio

Scoping
participation

Phase 2: Structurinthe MCDA Evaluation Model

Activity Task Supporting tools
Top-down or bottorrup approaches
. Organize the objectives to be Checklist and grouping of ideas; Mear
Structuring . . : o - )
considered in the evaluation ends objective networksCognitive maps;
Value Trees . R . ) !
as a hierarchy. Qualitative influence diagrams; Checklist
properties for a value tree
Keeneybs and Gregor
i Specify, for each bottom level selectmg.attnbu es and Par n
Defining AT ranking for selecti
. objective in the value tree, an e . N
Attributes : . classification of attributes and guidelines 1
associated attribute. ; ) . .
their development; Checklist of properti
for an attribute
Brainstorming; Ladderinglown in a
Identifying Define/identify/create decision cognitive map; Dialog maps; Focus on t
Decision alterndives to be assessed by objectives to be achieved; Ideatic
Alternatives the MCDA model. techniques; Strategy tables; Analysis

interconnected decision areas

Source Franco and Montibellgj2010)

In case of problems involving a group of decisimakers,Francoand Montibeller
(2010)argue it is not enough to abse best PSM techniques to integrate with MCDA.
It is necessary that the analyst have ability to facilitate processes in grougdimggiae
definition of the problem, once they are influenced by power and interests of
stakeholders. The authors also point out other challenges for this branch of
multimethodology:
1 Development of ProblesStructuring Methods. While the field of
problemstructuring methods (PSMs) is already weditablished in management
science, more research could be conducted on tools that could be tailored

specifically for MCDA interventions;
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1 Integrated Use of PSMs. The use of standard PSMs with MCDA requires
transitiors from a problenstructuring model to a multicriteria decision analysis
model, which may prove challenging. Consequently, a direction of research is
the development of methods that could provide a seamless transition. The
reasoning maps method and the usfe means objectives to assess the
performance of decision alternatives on fundamental objectives are examples of
research in this direction;

1 Tools for Supporting Structuring MCDA Tasks. The paper reviewed
some tools that could be employed for structurialye trees, defining attributes

and identifying decision alternatives. The development of new tools is, however,
still a potentially area of reseafttparticularly if it were based more on
psychological aspects [e.g., how to spark off creativity when oggati
alternatives; how to identify/display complex options to a group of decision
makers Franco and Montibeller, 2010)

2.3.5. Example of a multimethodology application combining SSM and DEA

A multimethodology application of particular interest to thigigtis the combination of

SSM with DEA (a fAhardo OR met hod) . Mi nger s
and detected there is good potential for combining these methods together. According to

the authors, SSM is relevant to determine, in a compreheast/eystemic approach,

indicators to be further evaluated by DERis study is particularly relevant also for

LCSA applications, as it shows how SSM can supfhatdefinition of system models,

inventory flowsand performance indicatqras illustrated ifrigure46.

Mingers et al (2009)state there are determined links between 3Bkl DEA that are
based in the perception miputstransformatioroutputs(system modellingand in the
three OEO (Efficacy, Efficiency and Ef fec
methodologyHowever, they inform there is still need for researche®t@ldp aspects
of this combination of methods (with particular interest to an $88A combination):
1 Develop SSM in terms of input/resources distinction and the \zalded

versus absolute outputs distinction;
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1 In combination with DEA, using several SSM netgleach representing
different viewpoints about the nature and purpose of the operational unit under
consideration, for example different views on the type of education a school
should provide;

| Developing better ways of moving from the specification ofide range

of possible performance indicators to the smaller subset to be used within the
DEA modelling;

1 Also within DEA, consider the difference between efficacy and
effectiveness. Should DEA consider two levels of efficiency, operational
efficiency in erms of the direct outputs of the process (efficacy/resources), and
strategic efficiency in terms of the achievements of the objectives of the wider

system (effectiveness/resources)? (Mingers et al, 2009).

RD1.1 A system to stimulate staff to search for potentially significant scientific discoveries
externally by providing the necessary resources and encouragement in order to get sufficient
information to perceive potential areas of discovery.

Needs to search outside Needs met

L4

»
>

I
Culture Resources:
Investment of hardware (information system)
Funding and time

E1: 1.1.1 satisfaction assessment of current information system, 1.1.2 funding to support
necessary activities, 1.1.2 facilities utilisation, 1.1.3 new academic organization position,
1.1.3 number of conference attending, 1.1.3 number of organized conferences, 1.1.3number
of academic visitors, 1.1.3 number of presentations, 1.1.5 reports or proposals list petential
significant scientific opportunities

E2: O/R

E3: Are potential areas discovered?

Figure46. SSM Root Definitions as a support to define performance indicators
Source: Mingers et al (2009)

2.3.6. Potential for multimethodology applications in g&isability problems

Sustainability and its related problems can be considered complex social problems.
Therefore, this is a challenging field for multimethodology approaches. Scoones et al
(2007) state that a critical point for the sustainability of dempynamic systems, such

as waste management, in the comprehension of their dynamic and interactive processes.
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The authors suggest a rigorous and systematic approach can support this
comprehension, and also provide a useful guide to action, indicatiegtipbtroutes for
reaching sustainability. According to these authors, a good sustainability quality,
defined by the longerm maintenance of the equity, wbking and environmental

quality functions, depends on four internal and external propertiesteinsy.

Durability under internal pressures;
Robustnesander external pressures;

Stabilityagainst internal shocks; and

=4 =2 =2 =2

Resilienceagainst external shocks (Scoones et al, 2007)

One of the stages for such rigorous and systematic approach as suggesiaohiey 8t

al (2007) consists indentifying how the systems respond to internal and external
changes what is rather similar to theonsequentialLCA approach. For this
identification, a previous stage is to establgieneral framework of the dynamisndan
socially built complexity This general framework can be characterized by a variety of
contexts of systermenvironment (Figuret7). This means that the complex reality is
represented by different contexts of interactions of the system within its envitgnme
according to different perspectives. These perspectives must reflect aspects such as:
expected results; impacts of changes; impacts of shocks and tensions; and tb#strade
between internal and external properties of systems (Scoones et al, 206f7). Su
representation of the complex reality of systems according to different perspectives is
one of the main features of PSM. Scoones et al (2007) recommend a last stage of
negotiating sustainabilitywhich consists in opening debates in governance systems,

a scientific analysis of contexts, systems and their propefliese again, this is a
decisionmaking process that can fecilitated by PSM, especially SODA individual

and merged maps.
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Figure47. Representation of the cqhex reality in different contexts of the system
within its environment

Source Scoonet al(2007)

Similarly to OR, Scoones et al (2007) argue that, as a response to the challenges of
dealing with complexity, there is in researches a transition of p@vos, from the
approximationofiequi | i bri umo (similar toyskkmg d OR m
of nonequi I i bri umo ( bThe authorsfamgue th&tottiese vi€ddRg are
mutually excluding but complementary and interactive. They introduce &@rijgos
change call ed nrefl exive turno, wher e a
comprehend the systems and their structures, properties and functions, focused in
political and normative perceptions of sustainabhilitgble 13presents a comparison of

these three approaches.
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Tablel13. Schema of approaches to understanding sustainability

A B C
. o |0 Neenq ui | i b The reflexiveturn:
OEquil i brij;
ocompl ex pathwaysto
approaches NSO
approaches sustainability
Non-linearity,
Linearity, complexity, . .
predictability, heterogeneity, Multl_ple possible .
Key features . . framings/constructions
homogeneity, uncertainty, .
o of the O0sy
simplification ambiguity,

ignorance, surprise

Single level, social Multiple scales,

System dimensions sepable | hierarchy, Multiple framings of
organisation |ic |l os ed, ¢&]interaction, system and contexts
systems integration
Open

experimentation,
Equilibrium models, | interactive

normal distribution modelling, Scenarios. multicriteria

Models and | based statistics, aglaptlve learning, mapping, pathways
methods controlled trialand-error, non .
: . analysis
experimentation, standard

valuation/audit/CBA | distributions and
statistics, open
ended appraisal

Fonte:Scoonegtal (2007)

2.3.7.Some OR applications in sustability-related problems

Some OR studies have been development in the environmentalVaemk (2010)
describes a study aimed at maximizing the water quality of a certain watershed. They
consulted specialists, and in a subjective analysis potentéégtc objetives were
identified and stratured in a hierarchy. These objectives were defined as decision

criteria, and an MCDA model was used to approach the problem.

Mingers andRosenhead2004 applied Strategic Choice Approach (SCA) combined
with Rabustness Analysis to support planning deciswinthe Venezuela Government,
after theoccurrence otatastrophidlooding and landslides in the state of Vargéke
authors also mention the use of multimethodology to manage natural red@8bks
nonequilibrium ecology); management of a lake (SSM + DSS); and rationalization of
energy (SSM + QQT).
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Specifically regarding waste management, Souza et al (2011) applied concept maps and
DEA to compare waste collection services of Brazilt#tres. Souza et g2013) and
Souza et al (20)4applied SODA and SSM combined with LCSA to the case of

Brazilian WEEE reverse logistics.

2.4. WEEE reverse logistics and the BraziliatNational Solid Waste Policy

Waste Electric and Electronic Equipment (WEEE) reverse logis¢ established as
mandatory by the BraziliaNational Solid Waste PolicPNRS) from 2010. In PNRS
(2010) , reverse |l ogi stics i s defined as
development characterized by a set of actions, procedures and meansl foouse
enabling the collection and delivery of solid waste to the business sector, for recycling,
in theirs or other production cycles, or fc
determines that responsibility for planning and implementing suchnsysteshared by
manufacturers, importers, distributors and retailers. Representatives of these
stakeholders groups are required to submit proposed models for the WEEE reverse
logistics systems, to be approved by the Ministry of Environment and selectad by
Commission. After approval, those stakeholders and the Federal Government must sign

a Sectoral Agreenent, a contract that specifigsrocedures and roles for Brazilian

WEEE managemenhkore restrictive sectoral agreements can be signed at the regional
level, led by Brazilian states governements.

PNRS also adopts the principles of pollepays and shared responsibility for the
product life cycle. This makes other actors such as consumers, waste pickers and their
cooperatives, private companies and mipailties legally responsible for their specific
roles within WEEE systems. Their organised representatives can also take part in

decisioamaking about the sectoral agreement.

This complexity of actors necessarily implies a complexity of interests, &xtipes
and concerns, which in turn will be reflected in a variety of expected goals and impacts
(and possibly conflicting interests). WEEE reverse logistics, then, can expect to face a

range of accommodations between social, economic and environmeBtah.cri
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2.4.1. A preliminary model for Brazilian WEEE reverse logistics

Before issuing a public call for sectoral agreements, the Brazilian Government
established a Thematic Task Group (GTT), with the aim of assessing the technical and
economic feasibilit of WEEE reverse logistics systems in Brazil. The GTT members
were the same representatives required for sectoral agreements. In order to achieve their
goal, the GTT had several meetings where they discussed their different perspectives on
the problem, sme critical issues and the interpretation of some benchmarking cases. In
the end, the GTT hired a consultancy company to develop a preliminary model for
feasibility assessment.

Although the methodology adopted by the consultants involved a seriesrofews of
stakeholders, it wasinclear how they structured and analysed those interviews to
generate inputs for the system modeling. However they emerged with a set of nine
decision variables, each with corresponding alternatiVablé 14). After discussing

and categorizing benchmarks according to the variables, the consultants proposed a final

model, represented by the selected alternatives from the optidabla14.

Based on ouprevious theoreticatliscussion we can sketch some critiques of this
suggested model, and the methodological steps through which it was derived. Firstly,
although carrying out a series of interviews, the decisiaking both for the modeling
method and for the model itself svaentered on the consultancy company. Stakeholders
behaved more as clients hiring for a ready solution, rather than as participants in a
decisionmaking process, and secondarily as sources of data rather than as sources of

knowledge on the problem situari.

Secondly, this is not a valid system model. The selected alternatives do not describe

specific processes needed to obtain each desired outcome. There is no specification on

Ahowo the system should be ¢ onSomegativityed i n
models( S S M6 s caB@,M@ kexample, specify the activities needed to adequately

accomplish Adefining recycling taTablet s o,
14.
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Finally, there is no clear description of thartsformations carried out by the suggested

model. What are the inputs and outputs for the system? What is being transformed, and
how? In general, the model does not make clear what are the main products or services
delivered by the system. The report mentis it ar get s o, but how
intended to be developed, without havitigrity onwhat is being processed (WEEE,

wor kforce, i nformation, financi al resource
to generating understanding of those resouroegsf and to developing indicators for

performance agssment (see Mingers et al, 209

Table 14. Decision variables and alternatives considered in the study hired by the
WEEE GTT

Variables Alternatives (* = Selected)

A. Sourcesf funding 1. Taxes;
2. Manufacturer/importer;
3*. Shared costs

B. Responsibilit 1*. Public administration;
2. Manufacturer/importer

C. Targets for recovery and recyclin 1. No targets;
2*. Recycling targets;
3. Recovery and recling targets

D. Level of responsibility of the 1. Legislator, regulator and supervisory;
public administration 2*. Active;
3. Operator
E. WEEE classification 1. Commodity;

2*. Non-hazardous waste;
3. Hazardous waste

F. Reuse within the system 1. Na stimulated,;
2. Estimulated via campaigns;
3*. Enabled by the system

G. WEEE segregation accordingto 1. With segregation per brands;

brands 2*. Monitoring and sampling;
3. Without segregation per brands
H. Proportional responsibility for 1. Individualized,
WEEE 2*. Proportional
I. Competition model 1. Monopoly;

2*. Competitive (diverse management entities)

Source: ABDI (2013)
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The official reverse logistics model to be implemented in Brazil is to be announced by
the Ministry of Environment by Agust 2014. In November 2013 the public call for
WEEE sectoral agreement received four proposals, which are to be evaluated by the

Ministry of Environment in order to define the final model.

2.4.2. WEEE targets in the Brazilian National Plan for Solid Waste

In 2011, the Ministry of Environment issued a preliminary version of the Brazilian
National Plan for Solid Waste, mandatory in PNRS, for public consultdtidoes not
define specific targets for WEEE reverse logistics, as in that time this depended on

going studiesSuch targets are to be defined by the Sectoral Agreement.

2.4.3. WEEE reverse logistics in the Rio de Janeiro State Plan for Solid Waste

By stimulus of the National Policy, the Rio de Janeiro State developed its Solid Waste
Management Ran, elaborated by a consultancy compahljis plan determines that
WEEE delivery stations are to beade available by municipalitie3.heir mandatory
selective collection systentan also be adopted for WEEE delivewEEE delivered

in these channels h&s be sorted by cooperatives at Sorting Stations, in order to gain
scale and get transformed into secondary raw material for further commercialization or
adequate treatmerfFigure 48). The Plan also defines the creation of reglestale
Sorting Stations, which will receive WEEE from the municipal ones gaining more scale.
They must be implemented under the responsibility of Public Consortiums joining
municipalities within same regions in the RJ State. The Plan also determinesoilat

of implementing recycling plants as an alternative for WEEE transportation to other
states must be defined based environmental assessment and environmental
accountingln terms of governance, the Plan determines the involvement of consumers
(infor mati on and transparency about productso
procedures for WEEE disposal), NGOs (identification of problems and solutions),
manufacturers, importers, distributors and retailers (recycling strategies and innovation).
There is no clear definition on the role of the State within this chain, and an excessive
transfer of responsibilities to municipalities, what is always a questionable strategy in
Brazil due to their lack of resources and inability to manage complex sysisnist

the system described in 2.4.1, it is not explained how the suggested model was defined,
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what are its performance criteria and how to implement it in practical t&imesplan
determined a target for 2013/2014 when all municipalities must have d&memed
program for WEEE reverse logistics. The target for WEEE collected by the system in
the same period is 40% of the total produced, planned to reach 100% in the medium
term period (2012024) and further.

Municipalities

oot L ””””” o

|
Delivery stations [ p lizati
| . ) ommercialization .
! Sorting stations [ —> Recycing

centres

Selective
collection

Figure48. Generic reverse logistics model defined in the RJ Solid Waste

Source: Based on Cobucci et al. (2013a)

The RJ Plan also defines indicators tonitar the WEEE targets. These are presented in
Table 15. As seen, this is a very poor set of indicators, which does not translate all
complex aspects regarding sustainability of WEEE systdims. authors of this Plan
have certaint not analysed deeply the involved sustainability aspects, rather focusing
on political concerns of WEEE reverse logistics implementation in all RJ

municipalities.

Table15. Targets and indicators for WEEE reverse logistics irRth@lan

Target Indicator
Implemented reverse logisti¢ No. of municipalities with implemented rever
systems logistics systems

WEEE takeback to responsibl¢ No. of municipalities covered by reverse logistics

Implementation of a prograf No. of municipalities with implemented WEE
for WEEE collecibn program

Source: Cobucci et al. (2013b)
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3. METHODOLOGY

The methodology for this research is illustrateéigure 49 and explained in sequence.

It consists offive phasesA. gatheringof background knowledgeB. (part of) SODA

C. (part of) SSMD. (part of) LCSA; anda fifth and constant phase Bf interpretation

and discussionThese phases describe a qualitative approach for analysing stakeholder
perspectives; whilst thissia systemic approach, it still requires a certain level of

subjectivity, what is minimized by iterative validation steps with stakeholders.

BACKGROUND (PART OF) SODA: (PART OF) LCSA:
KNOWLEDGE:
. 4. Build individual 5. Identify and
s:i-all(r:et:gllt;z\:/s «» maps and merged — evaluate potential ir:' E;ﬂ:aet:ciasri;e\s
1. Study map impact categories P ¢
theory [ ¥
10. Define systems,
! 1 boundaries,
functions, flows
2. Collect 6. Identify 7. Develop Root 8. Identify and 3
data relevant activity —»  Definitions and  —» evaluate potential 11 DeveI‘o LCSA
systems Conceptual Models LCSA systems mbdels ar?d LCA
(PART OF) SSM: applications

INTERPRETATION AND DISCUSSION

Figure49. Research methodology

Gathering background knowledgeonsised in: 1. the sudy of theory and 2. the
collection of data for thenethodologyapplication ina case study. Study of the theory
coveredreferencditerature, laws, standards and courssgardingthe main scientific
topics of this research: Brazilian WEEE reverse loggstLCSA, LCA, LCC and
SLCA,; Decision Science and PSM&e also collected data in visits to WEEE reverse
logistics unitsand consultation to specialists in Rio de Janeiro, Sao Rmdoin

Europe.

The case study for the application tbk methodology isthe development of WEEE
reverse logistics systems to be implemented in Brazil, with focus to the Metropolitan
Region of Rio de Janeiro (RMRJWe searched for an overview of the current chains
for WEEE generated in the RMRJafa collectionof the case sty covered specific
regulation; relevant actors; current flows and processesijable alternativesto be

implementedAdditional datavascollectedfrom databasesuch a€colnventfor LCA
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parametersand scientific literature for impact categories ammbdels of WEEE
managementin order to track the current WEEE chain in Rio de Janeim,also
investigated all identified environmental licences of companiéseirstatehat declared

their main activitiesto berelated to waste manageméaollection, teatment, transport,
recycling, commercialization)pr that received WEEE from big companies, as declared
to the State Secretary of Environméntheir Waste Inventorie®VWe also made several
visits to Government departments and WEEE facilities in the RERI in Europge
registeredn pictures and many times with guidance of specialized §th#.researcher

has also worked for a week as a WEEE dismantler in an Austrian social enterprise for
WEEE dismarling called Demontageund RecyclingZentrum(DRZ) in order to map
processes, make interviews and collect datee WEEE facilities in the RMRJ were

two units of a State government project calfabrica Verde in which young people

from favelas are selected and offered-m@ths training in computers refushment.
Anot her WEEE facility wa s t he uni t of a
COOPAMA, who acts in WEEE collection, dismantling and commercialization in the
RMRJ. They often receive WEEE other thamusable computer components from
Fabrica Verde, whdias been facing huge demand from large WEEE producers to
collect and give destination to all kinds of WEEE. COOPAMA has also received part of
the WEEE collected by a State campaign calldstmas of the Eletrorecycling.

We identified and interviewed (task 3) either personally, by email or Skype,
representatives of stakeholder groups directly related to the case study, and also
specialist in related theme$he choice of interviewees was based on the previous
theoretical review, and complemented witbrgpnal indications by stakeholders and
specialists. The group of interviewees should preferably comprehend representatives of

all pressure groups identified in the case stéddlypersonal and Skype interviews were

taped and typed, in order to allow farrther detailed analysis. Email consults were

recorded as digital filesQuestions to stakeholders should be formulated preferably
using Awhy?0 to identify effects, and Ahow-
concern (Keeney 1996). This faciliégt the construction and iterative analysis of

cognitive mapsin this research, interviews usually started with the questioni wh at ar e
key i ssues i n pl anning Bmnazinlwhaant WEEIH ds yds
sustainabl e Br az Theseallowed\WEei€&vees yo explaimzoadly a

range of different aspects that regards to the object of study. Key issues presented in
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responsedor these questionwer e t hen explored by questi ol
i mp o r tThimind®&keésdllowing answes to focus innaming and explainingelevant

Aftopo strategic issues, what are i mportant
Ahow do é\drelates do ussueBad? 0 in search to get det a
potential causeffect chains betweesach pair of relevant identified issuéadmaps

for some of the interviews carried out in this research are presented in Appendix 1.

Second stagef the methodologys an appication of a part of SODA consisting on
analysing theseries of interviewsvith stakeholders and speciali$ts the development
of individual cognitive mapstask 4,only for stakeholdersand the final merged map
(task 5) This lastcombires the top (hierarchy level)issues of concern identified in
stakehol der s $themagntfied cansections With further explanations by
stakeholders and specialisidl maps were built by using the software Compendium,
which was developed by NASARy analysingthe causesffect hierarchy of these maps
it is possible toexecute tds 6 - identify potential strategic objective®n the top,
receiving arrows)which can beeinterpretedas potential LCSA impact categories. In
this sense we assume the hypothesis that the most complete is the group of interviewed
stakeholders and respet mapsand the most complex is the problettme more likely
is the merged map to express major concerns in all three sustainability Hreas.
potential impact categories are analysed and redefined in a round consultation to
stakeholders individually, iorder to obtain a final set of LCSA impact categories that
fits best to the following properties:
1 Essential: consider all essential objectives in the decision;
1 Understandableclear meaning for all the members of the decision group;
9 Operational it should be possible to measure the performance of decision
alternatives against each of the fundamental objectives;
1 Nonredundantthey should not measure the same concern twice;
Concise the smallest number of objectives required for the analysis;
1 Preferentiallyindependentperformance measurement of decision alternatives
on one objective disregarding all other objectives, allowing for the use of an

aggregation function (Franco and Montibeller 2009).
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SODA maps are alsased in substitution tthe rich picturingstage of SSM. In our
methodology we appd a part of SSMconsisting of the identification of potential
relevant activities from SODA mapsask 6) which were furtherdescribed as Root
Definitions and modelled by systems thinkiigsk 7) These systemsra analysed in
order to identify potential LCSA productystems (task 8) their possible scope,

functions, flows, functional units and reference flows.

Both the potential impact categories identified by the use of SODA and the product
systems modelled wit the support of SSMwere analysedand redefined with
stakeholder#n order to structure an initiAlCSA modelfor the case studylhis model,
comprehending the final impact categofiesk 9)and potential alternative systems for
comparison(tas 10) is interpreted and discussed, based on literature references and
other similar studies in the area. The LCSA moaat alsostructured as an MCDA
performance tablétask 11,Table 16§, followed by adiscusson onthe main features

and rules for the applicaticof multicriteria methodsh this LCSA study

Tablel6. Structureof a generidMCDA performance table applied LCSA studies

Alternative systems Impact Categories
Social Economic  Environmental

Current system

Alternativesysteml .

. Performances adach system in each
Alternativesystem?2 o AN
& gualitative/quantitative indicator

Alternative system n

The main expected products of this research are: a methodology to combine PSMs and
LCSA; LCSA impact categorieand alternatig system models for the case stualyd
an MCDA model to support decisionaking on defining the WEEE reverse logistics

system to be implemented in Brazil.
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4. RESULTS AND DISCUSSION

4.1.Background knowledge:current WEEE chainsin Rio de JaneiroMetropolitan

Region

In this Section we describe briefly the results from our investigation of current WEEE
flows in the RMRJ.lt is based on the interpretation of data collected from technical

reports, visits in site, interviews and environmental licenses.

4.1.1 Estimates of WEEE generation in Brazilian regions and in the RMRJ

There is no formal data quantifying WEEE generation in Brazil and its regions. In order
to calculate estimates for WEEE generation and have a better notion on the necessary
dimension of VEEE systems, we adopted the method based orcdhelation of
WEEE generation and GDP per capiiacussed in Section 2.We also adopted the
same regression equation calculated by Huissman et al (2005), based on the @nalysis
Europearcountries Figure 1 in Section 2.1)In Figure 50, we present results for these
estimates, comparing municipalities from the RMRJ and the largest cities of each
Brazilian region: Sao Paulo (Southeast); Brasilia (CeWest); Curitiba (South);
Manaus (North) and Salvador (Northeasiycording to these estimates, only Sao Paulo
generates more WEEE in Brazil than the RMR can see that the city of Rio de
Janeiro has significant contribution to the total WEEE generatd®/MRJ, while the
second city in terms of relevance for this region is Duque de Ca)iasn it comes to
WEEE generation per capitd&igure 51), we can see that Brasilia and Sao Paulo
account for the highest rates with Rio de danand Curitiba in third place, what is a
reflection of GDP per capita in these citigse Federal District and the two biggest
cities in the country)in Table 17 we present all data used for this calculationorder

to get P values in US$&s applicable to the regression equation, we obtained GDP
figures in Brazilian Reais (R$) and adopted #éiverage obfficial conversion rate to
US$in all years of2011 (same year as for GDP dat&ye considerthese estimates
reasonablefor two reasons: first, that the overall WEEE generation estimated for Brazil
(1.4 million tonnes in 2011y not far fromthe value calculated BSTEP (2013pased

on the Purchasing Power Parity of count(i®&86 million tonnes in 2012)Second, that

this overall estimate for Brazil adoptsmethod with lower uncertainthanthe Market
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Supply method (Section 2,1)ecause it is based on a direct correlation of two variables
of which one is knownWe consider better resultgould arise from the correlatn of
WEEE with PPRno data for Brazilian citiegather than GDP.

These estimates can serve as a reference for modelling WEEE systems for the RMRJ, as
well as providing a notion to support modelling of WEEE systems in a wider scale in
Brazil. Such infomation is crucial in determining the capacity of formal WEEE chains

to be implemented, and also grasping current flows along different available chains in
the RMRJ.

4.1.2. Current WEEE chains identified in the RMRJ

In our data collection, we identified @nge of alternative courses that have been
adopted to absorb WEEE generated in Rio de Janeiro. They are summafagaren
52.

As discussed in Section 2.1.3, a considerable share of WEEE generated in tlee Rio d
Janeiro Metropolitan Region (RMRJ) is being sent mixed to household waste, what
ends up in the metropolitan landfill, or being deviated by workers at waste transfer
stations and inserted within the informal seckogure53 represents a Sankey diagram

of this household waste system managed by COMLURB (Municipal Company for
Urban Sanitation). Most mixed waste goes through transfer stations (ETR) to a sanitary
landfill (AS) in Seropedica, while waste collected iR A goes to a controlled landfill

(AC) and a very small volume of compost in produced in ETR Caju for reforesting. An
LCA model of this chain is shown #ppendix 2
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Table 17. Estimates of WEEE generation in Brazil, RM&Jd biggest cities in each
Brazilian region based on GDP in 2011

City/Metropolitan GDP per  Total GDP GDP per  Total GDP WEEE Total WEEE % WEEE

Area (Brazilian capita (million R$) capita (million per capita (thousand Brazil
Region) (R$) (US$) US$) (kg/year) tonnes/year)
RMRJ (SE) - 295,22597 - 176,483.08 - 91.36 6.52%
Belford Roxo 10,434.44 4,925.14 6,237.60  2,944.20 3.26 1.580 0.11%
Duque de Caxias 30,921.86 26,628.61 18,484.77 15,918.31 9.53 8.214 0.59%
Guapimirim 9,749.12 512.04 5,827.92  306.09 3.06 0.232 0.02%
Itaborai 11,884.86 2,618.85 7,104.65 1,565.52 3.71 0.876 0.06%
Japeri 10,144.26 978.21 6,064.14 584.76 3.18 0.374 0.03%
Mage 10,184.64 2,332.00 6,088.27 1,394.04 3.19 0.788 0.06%
Mesquita 9,484.83  1,602.62 5,669.93  958.03 297 0.565 0.04%
Nilopolis 11,498.86 1,81349 6,873.90 1,084.08 3.59 0.629 0.04%
Niteroi 29,738.21 14,563.9 17,777.20 8,705.85 9.16 4.526 0.32%
Nova Iguacu 12,822.61 10,2459 7,665.23  6,124.88 3.99 3.207 0.23%
Queimados 13,509.37 1,88.34 8,075.76  1,124.05 4.20 0.650 0.05%
Rio de Janeiro 32,940.23 209,36643 19,691.33 125,157.12 10.14 64.066 4.57%
Sao Goncalo 11,488.34 11,58..00 6,867.61 6,923.00 3.59 3.615 0.26%
Sao Joao de Meriti  12,713.18 5,84Q17 7,599.81  3,491.19 3.96 1.860 0.13%
Tangua 10,865.72 33783 6,495.42  201.95 3.40 0.178 0.01%
Biggest cities of Brazilian regions (Region)
Sao Paulo (SE) 42,152.76 477,00560 25,198.49 285,149.09 12.96 145.867 10.41%
Brasilia (CE) 63,020.02 164,48213 37,672.73 98,25.74 19.34 50.347 3.59%
Curitiba (S) 32,916.44 58,08242 19,677.11 34,721.08 10.14 17.827 1.27%
Salvador (NE) 14,411.73 38,81952 8,615.19  23,205.91 4.48 11.940 0.85%
Manaus (N) 27,845.71 51,02515 16,645.88 30,502.31 8.59 15.670 1.12%
Brazil 21,252.00 4,143,013.00 12,704.23 2,476,651.00 6.92 1,401.860 100.00%
NOTES:

(1) RMRJ: Metropolitan Region of Rio de Janeiro.
(2) Figures in US$ calculated based aifie average exchange rate of 0.5978 US$/R$ in 2QThe World Bank 2014)

Sources: Bsed on IBGE (2014); The World Bank (2014); Huisman et al. (2008)
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In 2012 the average household waste generation was 833 g/day.person, so we can
estimate 36 thousand tonnes of WEEE were delivered mixed to household waste in
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2012 (COMLURB, 2013a).Figure 54 presents the composition of household waste
collected in the city of Rio de Janeiro in the last years, showing a slight decrease in
organic waste and slight increase in recyclables and WElftre 55 presents the
variation in household waste composition in terms of each Planning Areas (AP) of the
city of Rio de Janeiro. This variation has clear correlation with the purchasing power of
population from the poorest to the richest areas in the Eity example, AP 2.1
corresponds to the residential area of highest living costs, comprising 19 districts
including the ones with highest values in the real estate market (Leblon, Ipanema,
Lagoa). This AP presents lower volumes of organic waste and higi@mes of
recyclables and WEEE. The opposite occurs to AP 5.2, a suburban areainédave
households (including the district of Campo Grande and surroundings). The highest
concentration of WEEE mixed to household waste (0.61%) comes from AP 3.2, an
average to lowincome area comprising district like Penha and Ilha do Governador. In
this AP are located the Rio de Janeiro International Airport and the large campus of the
Federal University of Rio de Janeiro, as well as an intensive commercial zoneawhat
explain this highest average WEEE rate. Curiously, the WEEE average from AP 5.2
(0.41%) is higher than the value found for AP 2.1, the richest area (0.34%). A possible
reason is that WEEE are usually donated as selsand goods to poorest classes, and

that informal WEEE collectors are more likely to be living in these poorest areas.
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Little is known about the informal e®r in Brazilian WEEE system$fut making a

parallel with recyclables collection, we can assume they have huge importance in
absorbing WEEE generated in Brazlhdividual informal waste pickers in Brazil

usually work by collecting valuable material either from the streets or on dumpsites, and

selling them to scrap dealers who in turn negotiate this material with recycling
compates. When waste pickers are organized in cooperatives, they can collect
recyclables either from streets via donation and by selective collection programs that

may or not include the organized cooperativeiguyre 56). In our study we adopt this

scheme to describe the WEEE chabesed oowa st e pi ckerandoncooper a

informality as indicated ifrigure52.

A study carried out by Silva et al. (2013a), which defigdrmality by the lack of
formalized contractual job relation, found that most of Brazilian workers in waste
collection are informalKigure 57), out of a total of 387,910 workers in the country.
These workers are iaverage 39 yeasld, 69% men, 66% black or brown, 93% living

in urban areas, monthly income of R$ 571.56 (US$ 265.38 or 84% of the Brazilian
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Minimum Salary in 2013), 20% illiterate, 50% without access to basic sanitation, and

18% who own computers.

Waste generation
(EoL)
Selective collection Poratione Selective collection Regular MSW Collection on
without cooperatives with cooperatives collection streets

Collection on Open dumpsites or
streets landfills

Waste pickers’ Individual waste
cooperatives pickers

Trade of Trade of
recyclables recyclables

Dealers Dealers

Recycling
companies

Organizational environment:
municipalities, cooperatives,
NGOs, companies, traders
etc.

Institutional environment;
legislation, public policies,
cultural aspects etc.

Figure56. The recycling chain in Brazil
Source: Silva et a(2013a)
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Figure57. Formal and informal workers in Brazilian waste collectic
Source: Silva et al (2013a)

The southeastegion of Brazil concentrates 18,7 of these workers (41.6% of total),
of which 36238 live inthe State of Rio de Janeirm Rio de Janeiro, 72.7% of waste
collection workers are black or brown, 96.4% live in the urban esajng R$%653.15
(US$303.26)with incomeinequality (Gini) index of 0.37hjghest inequality =)1 10%
are illiterate In this State there are 130,316 people living with waste pickerspfand
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these household42.7% havelependenthildren 2.2% live in extreme p@rty, 68.5%
have no access to basic sanitation and 30.6% have com(sitesset al. 2013b)This

is the closest profile of WEEE informal pickers we could get in this research.

We also consider that most informal waste pickers who collect recyclableEsafing
are also collecting WEEE and selling it to scrap deal8v® had access to
documentation of all environmental licences of companies which main declared activity

relates to waste management (collection, treatment, commercialization) in thefState o

Rio de Janeiro. We found cases where environmental inspectors detected scrap dealers

not licenced to manage WEEE who were storing such material inadequatatg case
a scrap dealer was treating WEEE with acid leachate to recover valuable metals (as

described in Section 2.1).

Another regular WEEE chain in the city of Rio de Janeiro is a yearly campaign of the
Ri o de Janeiro State Government cal l ed
Electrorecycling), when they place special bins for WEEEectthn in underground
stations.According to the responsible manager at the State Secretary of Environment,
the total amount of WEEE collected by this campaign in 2010, when they had two
delivery stations, was of 1.5 toimcreasedo 12.23 ton in 2011 wimethey placed five
delivery stations.WEEE collected in these campaigns where forwarded to formal
WEEE collection companies and to a WEEBntantling cooperative in RMRJ. The
total amount collected by this campaign in 2011 is far less (0.3%) than theVtoEdt

found mixed with household wasteut considering the campaign lasted for just 10 days
a year, this value could be more expressive if WEEE delivery stations were fixed all
along the yearsAnother factor that could raise this amount would be an a&seren the
number of delivery stations, expanding to all underground stattortesl of 34)for
example A possible analysis to infer WEEE generation in the different regiaighe

city reached by the underground systeamd estimate WEEE generation per
capita/regionbasedon datameasured byatal da Eletrorreciclagem for each station,
andby COMLURB for each AP(Figure 55). Such estimatesan support dimensioning

of demandgor WEEE delivery stationif installed in all or mostinderground stations in

a regular basisStatistical analysis can be enriched by crossing this information with

data regarding GDP per capita or PPP in each RMRJ region, but this requires access to

and analysis of mrodata of Brazilian Census 2010, whzdn increase statistical
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variations in the results of the inferend#is is an interesting topic for further research.
Another intended step is to dismantle samples of WEEE collected in these projects
orderto analyse their compositions and feed LCAattlases with regionalised inventory

data from Brazil.

Fabrica Verde( i Gr e e n  F gjectfromy the State Secretary of Environment
focused in capacity building for young people from favela to work in assembly and
refurbishment of computers. Theaee currently five units, each in a different favela:
Alemao, Rocinha, Chacrinha, Manguinhos and Jacarezinho. Each training cycle lasts 3
months,12 hours/weekpf each 2monthsare for training and 1 for practice, with a
target of 2 assembled computens éach studentln each cycle there are usually 7
instructors and 120 students, of whom 6 are selected to act as instructors for further
training cycles. Each instructor receives R$ 68Do(t US$ 270 and each student
receives R$ 120 stipend per month.n@uters refurbished in Fabrica Verde are
donated to communities and NGOs, after an evaluation of available space, demand and
access to internet, mainly for the implementation of teleceiitdrs of them where

raised in favelas after donations from the ectjin January 2014 there was a demand

of 110 computers for 16 community associatiddsed computers are mainly donated

by large companies, such as PETROBRAS, who also acts as a partner and source of
funding, and governmental agencieBhe quality of corputers received varies
depending on the source: efficiency in producing usable computers out of used
computers from PETROBRAS is estimated in 80%, while when inputs are from a
governmental body this efficiency decreases to 10%. This is explained by ¢heflev
obsolescence and lack of components of computers donated by pdrtmeepsocess of
Fabrica Verde consists mainly of the processes illustratdeigre 58. A growing
problem in Fabrica Verde is the growidgmand from partners for giving their WEEE

(not just computers) a destination. Fabrica Verde has increasingly received all sorts of
WEEE from large companies, stored and donated them to cooperatives or companies
who manage this waste. This is a very iregdint process that should be remodelled for

that the system can work with feasibility.
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Figure58. The process of Fabrica Verde

Formal WEEE reverse logistics companies, who usually collect and process WEEE
obtained with scrap @ders, campaigns, cooperatives and Fabrica Verde, are usually
placed in the Southeast and South regions of Brazil, as s&gguire 59. As informed

by the Executive Manager of ABRER interview, Brazil has technology to recycle
every WEEE rather than the process of extracting valuable metal from PCBs, for which
WEEE is exportedHowever, most of the 92 companies representdéigare 59 are

just logistics companies, who buy, collect, sort, store and tis¢goWEEE tothe
adequately calledecyclersi those companies who process WEEE in order to extract
valuable material and dispose of refuse and hazardous. Wastee, according to our
interviewee, are mainly placed in the awfthe States oMinas Gereés (MG), Sao

Paulo (SP) and Parana (RRyhich can be clearly seen with a higher density of
Arecycl i ngo Figueengd aThis agt was rconfirmed in our search to
environmental licenses, where we observed that all recy@esving WEEEwhere

from these regions, and those who are based in Rio de Janeiro (RJ) are actually
logistical units of these companies just dealerslin this axisthere are also logistical
units from international companies like UMICORE, where WEEHisrnantled and
sorted in order to be exported to the main units in Europe. This is what happeansyto

of PCBs sorted along the previous proces&gker formal chains are reverse logistics
programs implemented by EEE producers to collect and proces&EW&s their own
products. This is the case Bhillips and HP for exampléstill according to the ABREE
manager, restrictions in implementing a PCB recycling plant in Brazil do not relate to
initial costs, but to the capacity of feeding the plant witeasible input of PCBs. This
issuecan certainly b@vercomewhen efficient reverse logistichiains are implemented

in Brazil, with high economic and environmental benefit.
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Figure59. Map of Brazilian WEEE logistics and recycling companies
Source: ABDI (2013)

Regarding waste management companies in the State of Rio de Janeiro, we $earched
database of INEA, the State Institute responsible for environmental licensing, for all
registered companies whose main declared activity was related to waste management. In
2012 we have identified 117 companies that fit this profile, whose maintiastiare
distributed as seen iRigure 60. We consulted each process for their environmental
licensing, in order to track WEEE flows and management processes applied within the
State.We can see that most companies act mainhhédollection of nofhazardous
waste and in wholesale of scrap, while few ones are mainly concerned with waste
treatment or recyclingVe observed that environmental licenses in Rio de Janeiro are
not a good source to track WEEE flows, as companies depeatfy in details the types

of waste they process, but just an overall classification into hazardotsirardous or
metals/plastics/othersBased in the proposals and inspections for licencing and
monitoring, we could just find some clues of companiexgssing specific types of
WEEE like batteries and lampand very few declaring to process electric or electronic
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A s c rAd fhese identified WEEE companies were dealBssception is for lamps and
batteries, which some companies in the State areg@béeycle by industrial processes.
There where cases of companies who were prohibited to process batteries (it was
located in an Environmental Protection AréaAPA), or who were notified by
inspectors because WEEE storage was inadeqexi@osure to weher, no floor
sealing)

30

25

m Collection of non-hazardous waste
® Wholesale of metal waste and scrap

20 — M Collection of hazardous waste

m Recovery of other materials not specified
m Treatment and disposal of non-hazardous waste
15

— Recovery of metals except Alumminum
= Wholesale of paper and cardboard waste

Treatment and disposal of hazardous waste

| i 1 Recovery of plastics
1 S M Decontamination and other waste management services
| | Recovery of Alumminum scrap

Figure60. Waste management companies licensed in RJ by their declared main activity

10

0

We have also searched INEA’s database for Waste Inventories, a mandatory declaration

of large waste producers. Inishdatabase there is not a specific class for WEEE; we

then searched fdflamp®, fAbatterie® and fiwaste with corrosives For lamps, there

were 15 identified companies, of which 11 are placed in Rio de Janeiro. From these last,

three declared their maicad i vity to be Atreat ment of h a z
they are recyclersf suchWEEE. For batteries there were 7 companies, 6 in Rio de
Janeiro, of which 2 are registerAidastt or At r e
management companies regied in INEA must declare a Waste Manifest, where they

inform the amounts of waste processed, their origins and destinalans. again, it

was not possible to track a WEEE class, but we could identify the main destinations for
lamps.One difficulty in masuring this flow is that companies declare amounts of waste

in different units: tonnes, kg or m3. For those who declared amounts of lamps in tonnes

and kg we could draw a profile of their applied treatmeb&sed on predefined

categorie®f the databageas shown ifrigure61.
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Figure 61. Destinations of waste lamps in the State of Rio de Janeiro according to

Detoxification

Waste Manifests

In general, we conclude that WEEE processing by waste management compRines in

de Janeiro consists of collection, sorting, storage and commercialization to recycling
companies in other states, with exceptions in the case of lamps and batteries recycling,
what can occur within the Statelowever, in the Brazilian legislation (PNIR2010)
reverse logistics systems must be developed for lamps, batteries and WEEE
independently, while in Europe the first two are classes of WEERIS.way, lamps and

batteries escape the scope of this study for LCSA modellidgassessment

4.1.3.ldenftfied actors related to current WEEE chains in the RMRJ

By analysing the WEEE chains mapped in RJ, it was possible to identify some

relevant actors for the case studylfle 18.

4.2. LCSA modelling(SODA, SSM and LCSA elements)
In this Section we presé the results for all SODA and SSM stages in the case study,

leading to the definition of LCSA impact categories and alternative systems for
potential implementation in Brazilian WEEE reverse logistics.
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Table18. Relevant actorglentified in the case study

WEEE chain Actors (roles)

WEEE informal collection Informal waste pickers; cooperatives; scrap dealers

WEEE mixed to household waste COMLURB (MSW collection company) and workers

WEEE to cooperatives FEBRACON; COOPAMA; WEEE mducers; SEA;
recycling companies (BR)

WEEE to Fabrica Verde SEA; communities of favelas; Instructors; WEL
producers; NGOs

WEEE to formal companies Collection/Treatment/Commercialization compani
INEA; WEEE producers; recycling companies (BR ¢
EV)

4.2.1. Interviews and individual cognitive maps

Based on thestudy of legislation and of the current situation of WEEE systems in
Brazil, focusing the state of Rio de Janeiro, we selected and contacted a range of
stakeholderslirectly or indirectly invéved in the problem and especially in the WEEE
Sectoral AgreementWe also consulted specialists in topics directly related to this
problem.Some of them allowed for one or more interviews with an average duration of
1.5 hour eachboth in the states of ®ide Janeiro and Sao Paulas well as
international specialists from Austria and UlOthers preferred to answer to a
guestionnaire sent by email, while some stakeholkiedly answered to questions via
phone or Skype callfAppendix 3presentsall consuted stakeholders and specialists,
detailing their relevance to the problem and their contribution to this resdarch.
summary, we have consulted representatives of:

1 Stakeholder groups: EEE manufacturers; EEE commerce; SEA; university
business incubatorfo wast e pickersdé cooperatives;
for WEEE dismantling and commercialisation; Fabrica Verde; environmental
regulation agency;

1 Specialists: on environmental legislation; on waste management; on WEEE; on

reverse logistics; on envirarental journalism.

We only developed individual cogasthéirsve map
are the relevant perspectives to be elicited in order to support deeiaking in the
case systenin Figure 62 we can se@ (mid-bottom)part of the cognitive map from a

representative of EEE manufacturers. We can see that his greatest concerns regard
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economic aspects likextendedcoststo producersand feasibility of WEEE reverse
logisticsimplementation. He had also seMazamplaints on the pressures from Federal
Government to accelerate systems implementatioo pp osi t e pol e t o
i mpl e ment &otial amd érvironmental aspects were also mentioned, as the
representative is aware efichissues related to WEEE stgms.In Appendix 4we

present individual maps of other stakeholders.
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WEEE and re
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- “embezzle
WEEE... Pseudo-recycling still fu
in a country nearby Recycle WEEE components (=), components

regionally... Recycler
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metals
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states and municipalities Develop a unified
technical federal
cadastre for WEEE

Brazil has huge territory

Re-register EEE sh

Figure62. Part of the cognitive map ahEEE manufacturers' representative

We usually started interviewing stakeholders asking them whatharmain issies
regardingWEEE reverse logistics in Brazil. We noticed that most of their concerns

related to aspects in the mdttom areas of the maps, meaning they are more
concerning with strategic directions and decision options than with overall goals of the

system. These bottorarea issues of the map are relevant for the identification of

potential SSM Root Definitions. However, for the first analysis of our methodology

(SODA to LCSA impact categories) we searched to their implicit objectives related to
themen i oned I ssues. This is done ,laydalsgfopuest i on
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Ahow does Y relate to Z?0. By this iterat.i
maps and the merged map.

By observing the cognitive magsentatieepweesent i r
notice that a critical issue in his opinion regards the pressure for an accelerated
implementation of reverse logistics, what is the opposite of a rational implementation

which should involve the development of recycling companies, dealemplysis of

current capacity and WEEE generation, and definition of feasible ta@misequences

of such accelerated implementation can be that people are not prepared to use the Law,

the concentration of WEEE recycling in the SE region with larg@r>qs PCBs, and

the stimulus of i nfor matrecyllionngsdo tihnatn emaaryb yl eca
(illegal reassembly of appliances extending producer responsibllitg)r top issues of

concern are: to reduce currently high costs to industrynabtb harm them with illegal

extended responsibility for products, and the maintenance and efficiency of the new

reverse chain to be implemented.

The discourse of the EEE retailersd repres
their costs, by avoidg burdens from inadequate WEEE delivery procedures, cascade

WEEE taxation, dedication of extra space and workforce by shops due to the allocation

of WEEE delivery stations, environmental licensing and penalization of retailers and
producers.Their main gal is to add value in WEEE recycling, enhancing quality and
sustainability value of product s, and the 1

avoiding the necessity of external input from industry.

The mainoperationalconcern of the State Goverent representative was to define
their role within WEEE reverse logistics and Sectoral Agreem@aihis. may involve

the articulation of partnerships, environmental licensing, exemption of taxes, creation of
public consortiums, and the institutional supptot Sectoral Agreements. Main
operational goals regardhe definition of targets and implementatioof reverse
logistics with opportunity to technology, job and income opportunities in all Brazilian
regions;the creation of recycling plants and the adéguallection, recycling and final
disposal system feasibility by costs minimization and value recovery from WEEE;
stimulus to the Brazilian EEE chaiHis main fundamental goaksre the minimization

of environmental impacts, and Brazilian Social and eoondevelopments

97



The perspective of the business incubator of cooperatives concentrates on the formal
inclusion of cooperatives within the system, providing them with adequate working
conditions and increasing their incomes. Operational goals are $odiagion and
enhancement of -estees.tMain goalsakeehe rhansemént of human
development and to dignify human life.

4.2.2. Merged map

The merged magsee Appendix 9 in our case study represents rgh hierarchical

issues of individal maps with further additios from new rounds of interviewand
specific explanations from specialists around some isdoemerging top areas of
individual maps into a single one, we could analyse issues and their causal connections

in search to ideify the overall goals for WEEE reverse logistics in Brazil.

It was possible tocheckthat all sustainability dimensions where comprehended in the
map,as expectedFigure 63). This means that there are overall and specific tlg=c
regarding each dimension, and critical decisions that may impact more than one
dimension. Fundamental objectives identified for each dimension were interpreted as
LCSA Areas or Protection; their closest objectives downstream were interpreted as
endpant categories and the remaining operational objectives as midpoint LCSA impact

categories.

Political Environmental Economic Social

Figure63. Sustainability dimensions + political represented in the merged
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Figure 64 presents a part of the merged map representing issues related to the overall
economic g o al Bfraalar ¢ c ofindoefyysoldimension is densely
connected to the social issuésgire 65), of which the ultimate goals (AoPs) are to

Adi gnify human | ifed and to fienhance human
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Figure64. Partof the merged map representing economic issues of concern

99



38. Dignify human life

4. Enhance waste pickers®

self esteem, sense of 39. Prevent people from 37. Enhance human
insertion within - — drugs and alcohol e development in all
society... Reproduce addiction regions... no development

stigma about waste  ~=—p,
/_ﬂ_." pickers’ being valueless
eople
40. Enhance human contact peog
and communication with
colleagues

or concentrated in more

42. Prevent people lrom devtloped regions

entering crime /
54, Increase tifs/'
expectancy:
Pt

13. Enhance social
inclusion

1. Stimulate the
rmation of Local
Jctive Arrangements

14. Change saocial
behaviour

46, Explore productive
0. Stimulate the potential of individuals
relopment of new

solutions

52. Allow for access 10

basic life quality with

health, education and
professional

10. Provide adequate — development... Expose

¥ - working conditions. workers and population to
'-‘ exposure to risks / risks
incomes opportunity in

‘.
all regions... regions
with more concentrated
7. Enable waste pickers 24, Develop capacity and

26. Develop society
capacity

43. Increase digital
inclusion.. exclusion

33. Enable waste pickers”
to exert their citizenship

S

12, Cenerate jobs and 25. Increase waste

P brbenny 32. Enhance waste
pickers’ income

pickers’ awareness on
their citizenship rights
and duties)

EEE use or not generate

20. Provide resources for
poor communilies...Lack of

to develop their engage specialized
professional careers cooperatives in some 29. Develop capacity and
stages of the system... engage social enterprises 34. Offer training and
N high not specialized or not education 1o waste pickers
Eerag involved

Figure65. Part of the merged map representing social issues of concern

Regarding the environmental issues of concern, It is possible to §égune 66 that

the highest concern is to Aminimize envi
by goal s such as: Airetard gl obal war mi
contaminationodo and davoid final diasposal
specific and technical as required for LCA impact categories, but LCA categories

commonly used to assess WEEE systems are directly related to them and to some social

issues identified (health, working conditions). This shows that our group of staksholde

has a good perspective about environmental problems related to WEEE, and that our

methodology can provide a cresshec k o f stakehol der sbo

situation from the environmental perspective.
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Figure66. Environmental issues of concern arising from the merge«
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We could also notice anotheimensionarising from the merged map: the political

(Figure 63),

me mber s 0. Soci al , environment al

whose fundament ealect gobejnmentalipfat®rmwras t o

and econon

impact categories becsel it was possible to interpret if reaching such objectives would

have a positive or negative impact in AoPs. In the case of political goals identified, it

was not clear if their impacts would be positive or negative, or if there were impacts at

all. In ou interviews we could not elicit from stakeholders what are the connections

between political aspects and the other dimensions on thHadmrchy level. For this

reason we decided to eliminate such issues from LCSA.

Analysing causal connections withihet merged map it is possible to identify the

critical issues, i.e. those with largest flowsimcoming and outgoing arrows. These

include: maximization of waste recovery and recycling; generation of economic

activities in the country; generation of jobsdancomes; working conditions; and social

inclusion. These issues represent the hierarchical region of operational objectives. As

such, they are considered as potential midpoint impact categories for our case study.

On the top level of the map, it is @ilsle to identify the fundamental objectives, which

describe potential Areas of Protection and endpoint categories:

to minimize
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environmental impacts; to develop Brazilian economy; and to dignify human life. These
are the issues that give reason for theérenmental, economic and social dimensions
respectively, as represented kigure 63. They are the final destination of causal
arrows, flowing from the bottom to the top, including all interconnected midpoint issues

that are intemediate goals for achieving those fundamental objectives on the top.

4.2.3. Definition of SLCA and LCC impact categories

By analysing connections and hierarchy of the issues of concern expressed in the
merged map, it was possible to identify potentiabmoint and midpoint impact

categories. We assumed that fundamental objectives in the map described the Areas of
Protection: environment, Brazilian economgignity of human life and human
developmentRight below these AoPs in the maps are the endpotegecaes, and

below them the potential midpoint categories. An interpretation of such hierarchy of

AoPs, endpoint and midpoint categories for SLCA and Li@@act pathways of the

case studyare presented respectively kgure 67 and Figure 68. In this study we

decided to consider AoPs at a different level than endpoint categories, but in most LCA

studies these are coincident, the last being the measurable version of the first. Here we
considered endpoints s component s t o reach the Apr ot
modifications inFigure 67 and Figure 68 could refer to the definition of thresholds

between AoPs, endpoints, midpoints and the rest of the mergpd For example, in
Figure67anot her interpretation would be to co
endpoint, because in the merged map this is
| i flssdes of concern in the mergedap found below the indicated midpoint

categories could also be considered as .s&ch r exampl e, Aifeed the
technol ogy with production r es ohkigure6d)s o0, whi ¢
could be interpreted as adpoint category concerned with the relation inputs/capacity.

I n this sense, we consider that many 1| ssue
l i ke fAendso, wh at i Frigure 6 aadsFiglsed®ddnean aldodeg oi nt s
interpreted as performance indicators for udpeel categories to which these issues

are direct causes or means. This approach is adopted in the definition of the final set of

categories, as discussed further in this Section.
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Figure67. Potential SLCA impact categories for the case study
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Figure68. Potential LCC impact categories for the case study

The next step is to evaluate and refine the potential set of social armireconidpoint

impact categories towards a final set, which can be considered adequate when,
according to the judgement of stakeholders, it satisfies the expected properties presented
Table 11 and Section 3. There are two levelsgdor the endpoint categories and the
other for all midpoint issues. It is the latter which are the focus of our research, for
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reasons explained in Section 2.R&definition of impact categories included merging
some potential categories into a singleeoand assuming lowdgvel categories as

indicators for directly related uppéavel ones.

The analysts undertook a first analysis of the initial midpoint set, by identifying and
eliminating dependent, redundant or raperational impact categories. Fexample,

we <considered that product Acompetitivene:
related, so that they are not preferentially independent. We also considered that both
Afecodesignod and Aquality and sustadnabilit
within fAinnovationo, so thi s -egsrtoeuepmoo fc ama the
considered to be a naperational category. In this way the analysts developed a

modified set of impact categories which overcame the identified inconsistencies.

Themodified set suggested by analysts needs to be iteratively redefined by stakeholders

until they agree that it satisfies all propertiesTable 11. This should preferably be

achieved through discussion in a faeiléed workshop format, but in this research

practical considerations dictated that we carry out sequential individual interviews with

a subset of the stakeholders. This subset included a representative of the State
Government; of the EEE manufacturers; anfi a WEEE di smantl ing w
cooperative. After all reviews, the final set of LCSA impact categories that satisfied all

desired properties, as defined with stakeholders, is showabie 19 and Table 20

Regarding LCA impact categories, we comsidthose midpoints presented in Section

2.2.5. as an adequate set that satisfies the desired properties and do not depend on

stakeholder perspectives.

4.2.4. Comparison with categories found in literature

Some of the potential impact categories identified are in line with reference frameworks
forLCCand SLCA. This is the case of dAworking
and i n digureed),dmentioned in some SLCA approach@&enoit & Mazijn

2009 Aparcana and Sal hofer 2md3i)ndiTrhects aanes f
Figure 68, which can be considered the core for LCC assessment in other established

frameworks (Swarr et al. 2011).
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Table19. Final set of SLCA impact categories for the case study

Social impact
categories Suggested indicators
Social inclusion - Number of WEEE workers and relatives provided with social

(socialising and socie
assistance for WEEI
theil

workers and

families)

psychological assistance
- Number of new WEEE workers that come frauch groups
women; informality; prison; slums; alcoholism; drugs addicti

crime; physical and mental disabilitids

(Formal and informal]
employment anc
generation of income
with opportunity to
professional

development

- Number of WEEE workers (formahd informal) per occupation;
- Average income of WEEE workers (formal and informal)

occupation;

- Number of workers that undertook professional training

refresher coursés

Risks and working

conditions

- Number of WEEE workers (formal and inforthavorking in
adequate conditions (equipment, protection, training);

- Occurrence of job accidents and diseases directly related to
of the WEEE chain

Access to healthcare
education,
environmental

education and digita

- Number of WEEE wdkers and their relatives provided with hea
insurance;
- Number of WEEE workers and their relatives per level

education;

inclusion - Number of individuals (workers and relatives, commun
benefited by the WEEE chain with digital inclusion &
environmental egcation

Notes:

& This indicator was modified to merge two potential impact categories that hadepndency.

P This indicator was included by stakeholders.

Source: Souza et al. (2014)
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Table20. Final set of LCC impact categes for the case study

Economic impact

categories Suggested indicators

System feasibility anc - Direct and indirect costs per actor and stage of the system (L
efficiency - Profit and avoided costs per actor and stage of the system (L
- WEEE per éstination/Total WEEE collected;
- Demand/capacity of the WEEE system

Awareness anc Number of citizens and companies delivering WEEE to for
adhesion to WEEE collection points

reverse logistic8

Innovation and - Number of recently created companies within the EEE

generation of new WEEE chain;

economic activities - Number of companies within the EEE and WEEE chains
innovation recognized by the Brazilian Ministry of Science .

Technology

Competitiveness of th - Increase rate of prices of formal products due to increased

formal EEE and WEEE by reverse logistics;

products’ - Amount of informal products collected by the WEEE system;
- Evolution of the EEE and WEEE informal market

Notes:

& This impact category and respective indicator wieduded in substitution to the former category

il mage of Brazilian companies and governmentso,
bThis category with respective indicators was
na i onal productsodo, suggested by the analysts i

Source: Souza et al. (2014)

106

SugH

i ncl t

t he



On the other hand, interesting new issues emerged in our case study &om th

i nterpretation of stakehol dersdé perspectiv

il lustrative ex amgigue6i), svhich can loeiatpasitive eéffactdf u s i 0 n ¢

good WEEE systems on the social AreeksoPr ot ecti on, especially

i n all Brazilian regionso. Il n the Brazi
digital inclusion can be facilitated both via the donation of refurbished or used

computers to NGOs and communities, and by tapacity development of waste

-

| ¢

pickersd cooperatives, providing them with
busi ness. Ot her innoeatieemocdtso®gomril ¢s awer &
of products (economic). Without the systematic mapmhg@ll aspects mentioned by

the various stakeholders, such innovative issues might be neglected.

The present methodology also revealed innovative impact categories in the economic
dimension Figure 68), for exampt t he HAcompetitiveness of n e

issue, expressed by representatives of manufacturing and commerce, concerns the
unavoidable price increase of national products as a result of the increased costs
provoked by their financial responsibilifpr WEEE reverse logistics. Facing higher

prices, consumers would be tempted to choose cheaper imported products rather than

purchasing national ones, even if they have entered the country illegally.

Another consequence of this enhanced perspectivédaits issues that are usually
regarded as endpoints in literature references can now be viewed alternatively as
midpoints for broader concerns. For example: ratherwaking conditionsdeing seen

as an SLCA endpoint category (UNEETAC 2009), we can nowsee it, in a wider
context, as a means for achieving improliésl expectancyandhuman development in
Brazilian regions Similarly, in the economic dimensiodirect and indirect costsan

be viewed as bottodevel midpoints that affect other midpointschuas system
feasibility, with consequences for the endpoiatsintry wealthand development of all

regions

4.2.5. Identification ofpotentialrelevantsystemso be modelled

Based onindividual maps and the merged map, there can be an extensive list of

potential relevant systems to be modelled in Brazilian WEEE reverse logistics. For
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example, by analysing the map from the State Government represenistiveuld
identifypotentials y st ems | i ke O(AiA system thaté
- Defines progressive targets to BraziM/EEE reverse logistics in all regions;

- Structures regionalized WEEE management systems;

- Obtains resources for financing public and private WEEE systems;

- Provides environmental licensing to WEEE systems;

- Feeds the implanted technology with production ueses;

- Collects, dismantles and refurbishes WEEE;

- Controls WEEE flows.

Other identified potential systems to be modelledide (s y st em t hat é
- Charges taxes and tributes from the WEErs

- Provides fiscal incentives and financial support;

- Manages WEE chain contracts and delivery stations;

- Defines classification of WEEBshazardous or nehazardous waste;

- Develops a fiscal police for WEEE transportation;

- Generates a cadaster to control EEE and WEEE flows;

- Informs and educates citizens on WEEE manaygm

- Develop dealings for handling, transporting and storingadrde products;

- Disciplines technical assistances;

- Defines regional technologies and scales for WEEE recycling.

In Appendix 5there is an extensive list of identified potential systenisetanodelled.
Modelling all these systems would be a laborious task for the purposes of this study.
There can even be many other potential systems either in the maps or in the perspectives
of actorsstill to be elicitedIn this studywe selected some ofdke potential systems to

be analysed in search to define few but robust Root Definitions with potential to be

modelled and implemented in Brazil or Rio de Janeiro.

4.2.6. Root Definitions, Conceptual Models, Multilevel Analysis

Based on the identified panttial relevant systems, the next step was to analyse some of
them and to define some suggested Root Definitidppendix 5presents a full seif

Root Definitions defined in this studyhe first step in defining Root Definitions is to
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descr i bechBystbradoas arel drom this what is the transformation (entity as
inputA same entity transformed as outputihother basic analysis for defining RDs is
to look to its upper and lower levels (multilevel analysis), what is synthesized by the

PQR analysis.

One of the most relevant RDs defined in this study is RD ENV.01, describiebia

21 It is based on a potential relevant system identified in the merged map and
individual maps. This system corresponds to dperational part of reverse logistics
itself. It considers the same processes as those usually modelled within the boundaries
of a WEEE LCA study. For this reason we considered this RD belongs mostly to the
environmental (ENV) dimensio®QR elements wermntirely based on the hierarchy of
causal maps. Another essential part of a RD is the CATWOE/BATWOVE analysis. For
RD ENV.01, this analysis is presented Table 22. There can coexist different
definitions for T inthis RD, because they also describe th@imducts produced along

the process: air and water emissions, waste generation, jobs generatiorhest.
coexisting Ts for a same RD can be a reference for structuring LCSA inventory flows.
They are also relent because they put light in interesting reference flows for analysis
in LCSA.

In Table 22 it is possible to notice that the Clients, Beneficiaries or Victims of the
system described in RD BNO1 are the same described as Areas of Protection in LCA
(environmental). The Transformation T describes a flow and transformation of materials
(WEEE), what explains that its impacts are on human health or the environment, this
being the Worleview (Table 22) and the R in PQRT@ble 2). In Table 21, second
column (Q in PQR) it is possible to have an idea of the activities oisygibms
involved in producing the transfortien T: WEEE collection, WEEE dismantling,
WEEE recycling, WEEE disposal. These are the core processes modelled in the
Conceptual Model for RD ENV.01. IRigure 69 there is a proposal a CM for such T,
based on thassumption that WEEE is to be delivered by consumers at delivery stations
(shops and/or public policies). This CM also describes surrounding processes (sub
systems) necessary for the proper execution of the core systems (those within traditional
WEEE LCA boundaries). However, as explained in the theory review, this CM is just
an alternative or scenario describing a stakeholder or specialist perspective. There can

be other alternative system configuration with their different sets of processes that,
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working together, can produce the same transformation described in T. For example,
alternative system would include both WEEE delivery at stations and WEEE collection
at doors by the municipal system (COMLURB) and selective collection (COMLURB
and cooperatives)This also provokes a variation of actors involved in all processes,
what may be relevant to consider in LCSA studies. These possible variations regarding
t he pr ocess Fglre6d areilastraged mRFigure71 iISBM is able support

the identification of variations that can describe alternative LCSA models. Multilevel
analysis is an approach in SSM which can support the systematic analysis of RDs to
identify alternative system configurations for a same T. By looking to eaclsysibm
describing the process Figure 69 and zooming the system thinking analysis to their
levels, each process in the CM of RD ENV.01 can bdethed as a RD itself, with their
ownsetsofspr ocesses. An example of multilevel
i n ENV.0106s CHMigureg0. presented in

In Appendix 6we present the CATWOE/BAWOVE analysis for three potential LCSA
alternative scenarios for the process of WEEE transport. These abastiaeor the

current system; a WEEE collection chain based on WEEE deliv&fatshopsand a

hybrid system that involves dodo-door colletion by COMLURB, cooperatives or
private companies, WEEE delivery at EEE shops, Fabrica Verde units and metro
stations. These three scenarios are based on the real situation and the perspectives of
stakeholders with support of the maps. There can everafigions within each of

these alternative systems, by analysing their subsystems with support of SSM.

So far we have discussed RD ENV.01 by analysing its subsystem or its lower level of
processes (Q in PQR). But it is also important to analyse ther lgels of a RD (R in

PQR) in order to comprehend the broader context within which each RD is just a
subsystem in a network of procesdesSSM this is usually defined as the level of the

Owner (O in CATWOE).For example, we have defined that RD ENVi6lowned

mainly by the Sectoral Agreements, because there are the agents who can make the
system exist or nofTherefore the upper level of RD ENV.@dould bea system that

describes all processes carried out by the Sectoral Agreemératsare responsibler

planning and implementing WEEE reverse logistics in Brdiils way, an uppelevel

RD containing RD ENV.O01 would be fna syste

| ogi st i c sThis wouldBoe arzimtdresting system to be modelled as RD with
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PQR,CATWOE and multilevel analysi©ther of its subsystems can be found amongst
the RDs defined ik\ppendix 5

Table21. Root Definition ENV.01

A SYSTEM THATEé
IN
ORDER TRANSFORMATI

DOESé ( BYyeée (Q) TOé ( R)JON

Minimizes Adequately
water collecting, Minimize WEEE generatel
contamination, ail dismantling and environmental A WEEE recycled ol
emissions ath raw | recycling WEEE ang impacts adequately disposed o
material depletion | disposing of residues

Table22. CATWOE/BATWOVE analysis foRoot Definition ENV.01

Clients/

Beneficiaries/ Population; Ecosystems

Victims

Actors Waste management companies; cooperatives; informal wot

EEEcommerce anthdustry municipalities

WEEE generated, WEEE recycled/adequately dispos#d

Transformation . : .
Environmental burdens from current chaids Environmental

burdens reduced and controlled

WEEE can produce several negative impacts to human healt

World-view the environment if not treated properly

Owner Sectoral Agreement

Legislation; environmental and public policies; natural and ur

Environment . . . .
environment; society needs and expectations

An inter esti ng exampl ea systeem fRdcrea®® {ObsOahd incdme
opportunities with adequate working conditiorisy organizing, capadaiting and
engaging cooperatives and young workforce in some stages of the system, generating
more economic activities and establishing a balanced model in terms of techmology,
order toenhance social inclusiohis RD is characterized by the transfotioa:
unemployed or informal workek formal workerwithin the WEEE chain This way,

RD SOC.01 is directly connected to RD ENV.01 because it provides the WEEE chain
with workers, who are key actors in ENV.
pi c k er gafivescyoung workforce from favelas (Fabrica Verde) and formal

workers at WEEE companieRegarding the formation of WEEE cooperatives, a CM is
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suggested inAppendix 7 This CM is based on the methodology applied by our
interviewed representative of bosss incubators for cooperatives. There can be
significant variations in this model, depending on the appesmatiopted to select,

organize, formalize and capacitate cooperatives to work within the WEEE chain.

2. Establish
categories in which
WEEE is to be
collected

&. Establish location?
for delivery points
d system facilitie

Define system
capadty and
technologies

@ate

pollution

5. Obtain and
enable necessary
resources

Define criteria for

._/fd-;i'tor
operational Take control action
activities

Figure69. CM for Root Definition ENV.01
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ROOT SUB-

ACTIVITY
DEFINITION CTIVIT ACTIVITY LOCATION TECHNOLOGY ACTORS
H to EEE
ome To Private car Consumer
shops

Take WEEE to
delivery stations  ~~__ Home to public — Private car Consumer

delivery station
¥ T Small truck Cooperative

Delivery stations to i
— Cooperative

ional sorti d Small truck
Transport WEEE to _~ Tegional sorting c.ln mall tru ~_ i
Transport . pretreatment stations
ENV.O1 s sorting and company
pretreatment facilities Delivery stations to :
\ Small truck + Private
local storage + [ e
al u a
transport to SE region 8% s
.. to recycling .
- % Large truck + Private
/ i e Ship + Truck compan
Transport pretreated export PCB to Europe P pany
material to treatment
i ... to regional
units \ ! 2 eglona‘ Small truck + Private
recycling companies +
Large truck company

PCB to SE region

.o e e ooe

Figure71. Alternativesystemdor WEEE transport considering three variable

. Transpa
refuse to final

1. Consumers take
\WEEE to delivery
points

pretrested material
0 treatment uni

material to
clients

10. Vehicles
generate air
emissions

Figure70. CM for thesubsystemMWEEE transport"

A reference system model both for WEEE disiling (a subsystem in RD ENV.01)
and for enabling specialized workforce in WEEE dismantling (an alternative for RD
SOC.01) is an Austrian social enterprise called Demontage und Recycling Zentrum
(DR2Z). It receives approximately 25% of all WEEE produced/ienna, while 75% is

processed by private companies. Unemployed or socially excluded people, like ex
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prisoners, receive a training, a fixed salary and social assistance for a working period of
6 months. During this time they work in WEEE collection, dasting, refurbishment,

and development of new products from WEEE. Products from dismantling are
commercialized to WEEE recyclers (e.g. UMICORE) while new products and
refurbished appliances can be bought by the populdtigare72 presents an overview

of the processes carried out by DRZ aAppendix 8illustrated the components
separated itheir WEEE dismantlingpf specific appliancedt is important to highlight

that WEEE dismantling in DRZ is more specific than the procesgmtly carried out

by WEEE dismantling cooperatives in RMBhme components are separated similarly

by both systemdike PCBwhichis separated into three quality (Q) categori€3l, Q2

and Q3. On the other hand, some components like motors founthterp are not
separated by the RMRJ cooperative as they are at DRZ, what provokes waste of
resources, as these can be sold separately but are currently being sold as mixed scrap in
RMRJ.Table23 presents market prices for maMEEE fractions and costs for disposal

as due for DRZ in 2013.

In comparison to the full SSM steps, the part of SSM suggested in our methodology
does not comprehend the rich mapping phase (substituted by S@bd\)the
comparison of systems with realitydetermine desirable and feasible chanyés.also

ddnot det ai l the 3 E6s for all RDs, what

define performance measures for selected systems for implementation.

4.2.7. Definition of LCSA systems and boundaf@she casestudy

After analysing the most relevant Root Definitions for the case study, the next step is to
analysewhat are potential alternative models to be assessed amghoed in LCSA. As
discussed previously, RD ENV.01 can be interpreted as a description of WEEE systems
as traditionally modelled in LCA. There are complementary systems that can be
relevant to LCSA, because they process inputs and outputs with dire@ng#luo

social and economic impacts. Examples of these systems are RDs SOC.01 and ECN.O1.
These complementary systems are connected to RD ENV.01 by the flows of resources
other than materialslike workforce information and money. These systems are
normaly considered as part of the homogeneous LCA background system, while in

LCSA they can beincluded within the expanded foreground bounglaiThese
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interconnected systent&in present alternative models with different potential impacts
to society and the ecomy.

p WEEE
F WEEE transport Storage of )
to DRZ mixed WEEE Separation by
appliances
WEEE colledion at

delivery stations (all)
or household (large)

Feasible
 —— | refurbishment?
WEEE he
dismantling

-DRZ

Storage of
WEEE S >

components Meeded for Yes
Development

refurbishment?
Mo
of concept for  ——J<

new product Compaonent Yes
e needed for

WEEE
refurbishment

H

Production of
new product

WEEE di.

Commercialization Commercialization
Jdisposal of WEEE of WEEE-based
components products

Figure72. Resumed DR&ystem model

In this work we have identified and described several potential systems to be modelled
(Appendix 5, and most of them will be interconnected within a complex chain of
processes which goes far beyond traditional LCA mo&askecting the most relentof

them for modelling would require additional workshop sessions stakeholders. For

the purposef demonstrating the methodology, we selected some of them to describe a
broader LCSA system boundafyigure73). From thesewe present imTable 24, Table

25 and Table 26 some potentialsubsystems (activities) witlalternative possible
configurations, which can be considered independently or combihegde alternatives

vary from the curremhy existing systems to the possibilities discussed by stakeholders.
As eachRD subsystem has its own inpwstputsflows, by which they are connected to
other subsystems, there can be alternative ways to transbomainputs intosame
outputs(with more or less efficiency/efficacy/effectivenesSpmbining alternatives for

each subsystemwith an overall WEEE system can produceange of potential LCSA
scenarios for the case study, when it comes to the overall presanted irFigure 73.

This emphasizes the need of decissmpport tools like MCDA or DEA to compare
severalalternative against the sustainability criter@CSA impact categoriesOnly
considering alternatives ihable 24 it is possible to define several alternative models

for ENV.0O1. In this work we illustrate and discuss just some of them: the baseline
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model (current system) already presentedrigure 52, a system baseth WEEE

delivery at EEE shopsFigure 74); and a hybrid system considering the partnership
with the underground transg system and the MSW compa@®PMLURB (Figure75).

Table23. Market prices and costs of disposal of main WEEE fractions as for DRZ in

2013

WEEE fractions as separated at DRZ

Price/ton (+) or cost/ton)in EUR

Processors 45,000
PWB, Q1 6,000
Mobile phones withoubatteries 6,000
Bronze/brass 5,000
Copper 4,500
Neodym magnet 4,000
PWB, Q2 2,000
Cable without plugs 1,900
Cable with plugs 1,700
HDD with PWB 1,300
Printer cartridges 1,000
Aluminium 900
HDD without PWB 900
Motors/inductors/transformers 700
Stainless steel 500
PWB, Q3 500
Batteries 500
Drives 450
Power supply 300
Mixed scrap 150
Iron/steel 120
Plastics 0
Wood 0
Glass 0
CRT glass -150
Residual waste -200
Capacitators -500
LCD displays -500
Deflection coil N/A
Getterpitelectrogun N/A
Fluorescent tubes N/A
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Table24. Considered alternatives for subsystems of RD ENV.01

Transformation:. WEEE produced Y WEEE adequately collected, processed
RD subsystems | Activities Actors Locations Technologies Costs

é 0L WEEE| é 01. Take WEEKE é 01 Consumers é 01 Home to EEE Private car + publi¢ Fuel; transport fee
delivery and| to delivery place shops transport

collection é 02 Home to stree Walk Collection fee

bin

é 03. Home to tube
stations

Walk + Public transport

Transport fee

é 02
WEEE

Collect

é 01. EEE shops

Shops

WEEE bins; compute
with internet

Workers; Lost space;
Maintenance taxes;
licensing

€ 02 Cooperatives

é 01 Street bins

WEEE bins; Trucks

Fuel; Workers; Fleet -

€ 02 Tube stations WEEE bins; Trucks| Maintenance; taxes
é 03. Private PPE licensing
companies
€ 04. MSW company
€ 05. Informal worker| Streets Humanpowered cart | Food; cart
€ 02 WEEE pre | ..01L Sort WEEE| € 01. Cooperatives |¢é 0L Cooperativey Large bags; PPE Workers; fuel; energy
treatment by appliances A units water; taxes; licensing

Store

€ 02 Dismantling unit

Large pallets; forklifts;

é 02 Private| € 01 Regional unit PPE

companies € 02 Sao Paulo

é 03. MSW company | ETRs

€ 04. Scrap dealers | RMRJ Scrap yard; large bags
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(Cont.)

€ 02 WEEE pre | é 02 Dismantle| € 01. Cooperatives | é 0L Cooperaties| Workbench; simplg Workers; energy; wate
treatment (cont.) | WEEE + Store units (current) toolkit; PPE taxes; licensing
components € 02 Dismantling unit Workbench; advance
(DRZ model) toolkit; PPE
é 02 Private| € 01 Regional unit
companies € 02 Sao Paulo
é 03. Test| € 01 Fabrica Verde | Fabrica Verde units Workbench; IT  + Workers; training;
appliances 4 & 02 IT + electronicg é 01. Brazilian units| electronics + electricg energy; water; taxes
components companies (SP) toolkit
€ 02. USA + Europe +
China + Japan
é 03. WEEE| é 01 WEEE| é 01 Specialized RMRJ
refurbishment refurbish + resell | associations (forme

F. Verde students)

€ 02 Cooperatives

é 03 Informal
technicians

South America

Workers; energy; water

é 04. WEEE
processing

é 02
Remanufacture
EEE

EEE industry

€ 01 Brazil (SP)

€ 02. USA + Europe +
China + Japan

EEE Industrial plants

é 03. Recover rare
earth metals (REM
from WEEE

WEEE industry

€ 01 Brazil (RMRJ)

€ 02 Europe + Japan

UMICORE-based
technology

Workers; training;
energy; water
production resourceg
equipment; taxes
licensing risks;

obligations; penalties

Informal actors

€ 03. RMRJ + China 4
India (informal)

Acid leaching; burning
melting

Workers; training;
energy; water; chemicé
substances; equipment
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(Cont.)

é 04. WEEE
processingdont.)

é 04
Large
Appliances
(freezers,
refrigerators;
conditioners)

Recyc

le

Househol(

air

WEEE industry

Brazil (SP)

Industrial technology

Workers; training;
energy; water
equipment; taxes

licensing risks; disposg
of residues; obligations
penalties

é 05. Waste  managemel Brazil (RJ + SP)
Decontaminate companies
hazardous waste
€ 06. Develop new Product designery RMRJ communities Computer with| Workers; training;
products from trained workforce; graphical software| energy; water; taxeg
WEEE DRZ workstation; equipment
workbench; advance
toolkit; welder; glass
printer; metals shaper
€ 06. Disposal off Landfill residues | Waste = managemel Brazil (RJ + SP) Industrial landfill Workers; training;
residues companies energy; water
equipment; taxes
licensing risks;
obligations; penalties
é 07. Deliver| & 01 Donate| Fabrica Verde RMRJ Workstation; compute|l Fuel; energy, water
products to refurbished with internet; mobile taxes and fees
clients computers phone; trucks + privat
é 02 € 01 Cooperatives cars

Commercialize
WEEE
components

+

e 02
companies

Private

€ 03. Scrap dealers

e 08. Transport

(seeFigure 71 andFigure 70)
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