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ABSTRACT

Electrical and Electronic Equipment (EEE) is dep#lg fast and spreading over every part of modern
life. EEE include different substances that mayseaserious damage to the environment and have
adverse effects on human health so it is essetatiahanage the waste (WEEE) resulting from EEE
properly. In the present study a systematic arateggic multi criteria method based on AHP and SWOT
Analysis is proposed in order to identify a dedisimaking model to improve the environmental
sustainability of WEEE. In detail, the aim of theposed model is to identify the critical factomsorder

to measure the “degree” of environmental sustalityaloif WEEE using a multicriteria model. The study
is based on the consideration that for the impramrof the management of WEEE is essential to ensur
the minimum efficiency levels. These levels canealuated from different points of view, but it is
essential to involve all actors and stakeholders.
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1. Introduction

Waste Electrical and Electronic Equipment (WEEEgearaste, is one of the fastest growing advanced
type of solid waste streams in the urban envirorimerlidwide (Nnorom et al., 2008). Guaranteeing

sustainable innovation - defined as the shift cftainable technologies, products and services do th
market - is forcing a new market creation conceyt @onsequently, innovative common methodological
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approaches have to be introduced. Thus, WEEE marageusually involves aomplex decision
process Complex decisions must be considered from diffemints of views by a common approach.
Defining the sustainability level of a process ssially a complex process as it involves econonaicias,
technological, environmental, ethical, and otherdki of controlling influences (De Felice and Pltyil
2012). There is no better way to approach a compteklem than to structure all the important key
influences affecting every important alternativaurse of action that we think of. Given a valid and
comprehensive structure, the accuracy of measuteiséme next critical requirement to ensure tiat t
best decision con be identified (Silvestri et 2D12). There is no universal and perfect approach f
strategic sustainable planning in the WEEE fieldust in this study the strengths, weaknesses,
opportunities, and threats based on SWOT appraogelgrated with AHP is used in order to assess the
effect of environmental, economic, and social fextelating to a WEEE management. We called the
new methodology S-AHP. Definitively, in the presgper, we attempt to propose a novel integrated
model to identify the critical factors in order tieeasure the “degree” of environmental sustaingtilit
WEEE using a multicriteria model based on S-AHPe Ttegrated model proposed by us would help to
strengthen the “processing” part of the functicelaments employed for proficient WEEE management.
The S-AHP approach allows to define proper decigioocess in a hierarchical structure of factors,
evaluate factors in pairs, and quantify the retatimportance of each factor to the adoption deeisio
(Ostrega, De Felice and Petrillo, 2011). The redearethodology used consists mainly of four section
In thefirst section the analysis of WEEE management is introducerefgrring to information collected
from literature review and regulations. In tBecond sectiorthe methodological approach and the
integrated model S-AHP is presented. In thied section a real case study based on S-AHP method
(strengths, weaknesses, opportunities and thrdaWEEE management) is performed based on the
research developed and through analyzing informatiotained from a series of focus group meetings.
Finally in thefourth sectionresults and conclusions are analyzed based opriheiple of “maximize
strengths and opportunities”, transforming weakegs$s strengths, and minimizing threats.

2. Preliminary analysis

In European Union (EU), total amount of e-wasteegation ranges from 5-7 million tons per annum or
about 14-15 kg per capita and is expected to gitavearate of 3-5% per year. Currently, e-wasttnés
fastest growing component of the municipal solidstgastream for several reasons: from the quick
diffusion of ICT tools to the rapid obsolescencetethnological products in developed countries as
people are upgrading their mobile phones, computelsvisions, audio equipment and printers more
frequently than ever before (UNEP, 2007; UNEP 2008E exponential growing of electronic products
in our society is mainly contributing to increasestwaste stream which is characterized by a high
environmental impacts mainly due to the presencbodh several hazardous substances and valuable
recoverable materials (i.e. rare earth materidlsg physical composition of e-waste is very diveard
contains over 1000 different substances, whicls fatider organic and inorganic fractions (cadmium,
chromium, mercury, arsenic, selenium and precioatal® like silver, gold, copper and platinum, etc.)
Overview indicates that manufacturing of mobile pé® and personal computers consumes 3% of gold
and silver mined worldwide each year; 13% of théagdaum and 15% of cobalt (Ba#t al, 2012).
Developing countries are also in the challengingsghas they are already facing the continuum of
hazardous e-waste mountains. In the last two decatere has been an increase in the number of
environmental policies and legislations focusingtba product development process with a view to
reducing the environmental impacts resulting fréva products; throughout their entire lifecycle-from
product design, manufacture, through to consumpiwheventual end-of-life (EoL) management.

In particular, the European Union has imposed sg¢important directivesn the past decade. One of the
most important directive in the field of waste mg@ment is theDirective on Waste Electronics and
Electronic EquipmenfWEEE). The WEEE directive introduces the conaggtroducer responsibility for
the recycling and disposal of products at the dritieuseful life. The implications of this direati have
enormous impact on the product life cycle and hovisidefined. They will encourage design for
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disassembly and alternatives to hazardous substaiceaddress the requirement of these Directives,
companies in Europe have made significant innomatto eliminate or move toward zero material waste
in the products’ life cycle (Kumar et al., 2005)EBE in general comprises wide categories of old or
used appliances from small equipment (e.g. mobiienps, printers, computers, etc.) to large houdehol
appliances (e.qg. refrigerators, freezers, mobilesps, etc.) which require a safety and effecting-B©f-

Life (EOL) management. In order to improve the ngement of WEEE we have developed a multi
criteria model based on AHP to define a corredsifecation of WEEE. The proposed approach is dsefu
to monitor their performance and to assess theigyriof possible interventions to be taken, in orte
increase the sustainability of the integrated syst€he idea is to develop a multi-criteria decision
making model to assess the degree of environmsumsghinability of WEEE.

3. Literature review and methodological approach: he integrated model “S-AHP”

SWOT is an acronym for strengths, weaknesses, apptes and threats. Every program, project,
development and management plan has its strengthsvaaknesses, opportunities and threats. In the
present work, SWOT analysis is applied to develdwa plans for successful implementation for WEEE
management. SWOT is a tool designed to be usdtbipreliminary stages of decision-making on the one
hand and as a precursor to strategic managememtipdpon the other (Srivastae al., 2005). In the
SWOT analysis, available resources and their piafeuntilization are studied from the viewpoints of
economic, ecological and social sustainability. ieaspect of the information must be sound so tit t
best alternatives can be selected. Thus, SWOTeis fas analyzing internal and external environmémts
order to attain a systematic approach and supppo# Hecisive situation. If used correctly, it gaovide

a good basis for successful strategy formulatiah(®Idt, Peterson, 2000). The use of this metheesgi
rise to some important advantages and disadvantdgesdvantagesfor instance, may include the idea
that this method is very simple and everybody ceitiwithout having advanced knowledge or external
technical support. Thdisadvantagesefer to a variety of shortcomings regarding thisthod such as its
simplistic, static and subjective character. Thae of the main limitations of this approach is ttiet
importance of each factor in decision-making carb@measured quantitatively. As such it is difficol
assess which factors influences the strategic idecisost (Pesonen et al., 2000). If used in contlaina
with Analytic Hierarchy Process, SWOT approach pesvide a quantitative measure of importance of
each factor on decision-making (Saaty and Varg@®8l2Ananda and Herath, 2008). literature other
authors proposed the use of AHP in the SWOT armlystamples in literature was proposed by Kuriaal.,
2000; Kajanut al.,2004; Shrestha et al. 2004; Shinno et al., 200@&kvdmasinghe and Takano, 2010; Osuna and
Aranda, 2007. In the previous works AHP was useth¢asure the relative importance weightings ofitkdevidual
SWOT factors. Unlike the previous approaches, inveark AHP is used not only to weight SWOT factbrg also

to quantify intangible factors. In particular with:

« SWOT analysis we identified the strengths, weakes®pportunities, and threats that an
organization faces. The strengths and weaknessesdantified by an internal environment
appraisal, while the opportunities and threatddestified by an external environment appraisal;

» AHP enables decision-makers to quantify intangiattors.

In our opinion the integrated S-AHP approach idepred as the intensities of strengths, weaknesses,
opportunities, and threats can be quantified, dretefore can lead to a more realistic and effective
decision than stand-alone SWOT or AHP.

In Figure 1 research methodological approach isvaho
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Figure 1. Methodological Approach.

4. Case study description: Laptop

One of the crucial elements in measuring the éffecess of sustainability is to obtain consistesutts
according to common standards. In fact, the WEERagement depends on several factors. This implies
that it is critical to elicit information from reaech and extension service.

4.1 Organizing focus group meeting

For implementing the proposed S-ANP approach, vectal ten participants and categorized them in
two groups: Academic Expert (AE) and Governmentghdft (GE). Identification and classification of
critical decision factors was accomplished usitgrditure review and focus group discussions. Flom t
point of view we constructed our model considerthg EPEAT (Electronic Product Environmental
Assessment Tool) standard. EPEAT is an US nonpoad@nization which has defined a comprehensive
environmental rating that helps identify greenempaters and other electronic equipment. This is a
rating system that can be used to compare the camagntal performance of desktop and laptop
computers and monitor and other electronic equipmen

In Table 1 is shown the list of EPEAT Parameters.
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Table 1.EPEAT parameters.

Symbol | Classification Description

C.1 EPEAT Reduction/elimination of environmentally sensitivematerials

Cl.1 EPEAT Compliance with provisions of Europ&oHS Directive upon its effective date

Cl.2 EPEAT Reporting on amount of mercury usegght sources (mg)

Cl.3 EPEAT Elimination of intentionally added SC@#&me retardants and plasticizers in certain
applications

C.2 EPEAT Materials selection

c2.1 EPEAT Declaration of postconsumer recycledtpt content (%)

C2.2 EPEAT Declaration of renewable/bio-basedtjglasaterials content (%)

Cc2.3 EPEAT Declaration of product weight (Ibs)

C.3 EPEAT Design for end of life

C3.1 EPEAT Identification of materials with spddiandling needs

C3.2 EPEAT Elimination of paints or coatings the¢ not compatible with recycling or reuse

C3.3 EPEAT Easy disassembly of external enclosure

C3.4 EPEAT Marking of plastic components

C3.5 EPEAT Identification and removal of compomertintaining hazardous materials

C3.6 EPEAT Minimum 65 percent reusable/recyclable

C.4 EPEAT Product longevity/life cycle extension

C4.1 EPEAT Availability of additional three yeaawanty or service agreement

C4.2 EPEAT Upgradeable with common tools

C.5 EPEAT Energy conservation

C5.1 EPEAT ENERGY STAR®

C.6 EPEAT End of life management

C6.1 EPEAT Provision of product take-back service

C6.2 EPEAT Provision of rechargeable battery tas&ek service

C.7 EPEAT Corporate performance

C7.1 EPEAT Demonstration of corporate environmligmbéicy consistent with ISO 14001

C7.2 EPEAT Self-certified environmental managemsystem for design and manufacturing
organizations

C7.3 EPEAT Corporate report consistent with Penforce Track or GRI

C.8 EPEAT Packaging

C8.1 EPEAT Reduction/elimination of intentionadigided toxics in packaging

C8.2 EPEAT Separable packing materials

C8.3 EPEAT Declaration of recycled content in @agkg

4.2 Analyzing the strengths, weaknesses, opportui@s and treats

After preparing the preliminary list of decisiorctars, we defined 12 major strategy factors, adogrd
SWOT Analysis, reported in Table 2.

Table 2. SWOT factors.

Strengths Opportunities

S1. Supports national, European legislation O1. Strong support from citizens

S2. Widespread applicability 02. Creates the opportunity for green job creation
S2. Can have significant impact source reduction (directly and indirectly)

S3. Increases life-span of landfills

S4. No permits required

S5. Cost-benefit interest for stakeholders
S6. Benefit for citizens

Weaknesses Threats
W1. When implemented at large-scale local lgvel Tdw awareness of population (if not propef

y
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requires good planning to take all factors at hbakk| informed especially initially may not bad results)
level into account.

W?2. There is a cost (although small)
W3. Requires very good public awareness and support
citizens

4.3 TOWS Matrix

A next step of analysis, was associated with tleatification of strategic alternatives. Thus, th&/GT
factors and EPEAT parameters were used to devélepr hreats-Opportunities-Weaknesses-Strengths
(TOWS) Matrix or the so called the Strategic Aleimes Matrix. TOWS matrix provides means to
develop strategies based on logical combinationgaofors relate to internal strengths (or
weaknesses) with factors related to external oppdies (or threats)in other words TOWS
Matrix, helps to think about the options that yoauld pursue. To do this you match external
opportunities and threats with your internal stteegand weaknesses, as illustrated in the mattowbe
reported in Table 3The primary advantage of this approach is thei@rfte of prioritized internal
and external factors embedded in alternative gfiedeuseful to express judgment in evaluating
pairwise comparison (parag. 4.5).

Table 3.Town Matrix.

Strengths Weaknesses
S1. Supports national, Europeavl. When implemented at
legislation large-scale local level requires
S2. Widespread applicability good planning to take all factors
S2. Can have significant impact sourcat household level into account.
reduction W2. There is a cost (although
S3. Increases life-span of landfills small)
S4. No permits required W3. Requires very good public
S5. Cost-benefit interest for stakeholdersawareness and support [to
S6. Benefit for citizens citizens

Opportunities S-O Strategy W-O Strategy

OL1. Strong support from citizens C1 Reduction/elimination 0 C2 Materials selection

02. Creates the opportunity for grepenvironmentally sensitive materials C3 Design for end of life

job creation (directly and indirectly) | C7 Corporate performance

Threats S-T Strategy W-T Strategy

T1. Low awareness of population (ifC4 Product longevity/life cycle extensig C5 Energy conservation

not properly informed especially C6 End of life management

initially may not bad results) C8 Packaging

4.4 Definition of the model

In this stage we defined our AHP model accordirgyhrameters described above. In details the doal o
our model is the identification ofA’ sustainable decision making model based on AHP SWOT
Analyss” in order to improve the management of WEEE. fils level of hierarchy consists in the four
criteria: Strengths, Weaknesses, OpportunitiesTdndats. The second level of the hierarchy congists
the 8 criteria established from EPEAT standard. fhivel level consists in the 23 subcriteria estdigd
from EPEAT standard. As alternatives we considénedtop five laptop in Italian market. In Tablest i
shown the most important features.

Table 4.The top 5 laptop.

N° Model Processor GB Battery Weight
1 AM i5 dual core 4 GB| 7 hours 1,10 k¢
2 LT Intel Pentium Dual Core 4 GB 6 hours 1,33 k¢
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3 DX i7 4GB | 7hours 1,33 k¢
4 HE i5 dual core 4 GB 7 hours 1,33 k¢
5 5% i7 4 GB | 8hours 1,50 k¢

In figure 2 is shown the hierarchical structurepgmsed in the study and an example of relationsduis
influences among the parameters. All relationshipsng the elements are shown in Table 5.

SUSTAINABLE DECISION-MAKING MODEL BASED
ON ANALYTICAL HIERARCHY PROCESS AND
SWOT ANALYSIS

‘Weaknesses

Oppurtunities

Threats

Level 1

Level 2

Al

&

A3

A4

Figure 2. AHP Model.

The group of experts identified the relationshipsl anfluences among the parameters. In detail, the
influences among criteria and sub-criteria werdt lgi based on the relationships shown in Town Matr

Table 5. Relationships among the elements.

S| O| W | T] A S| Ol W| T| A S| O|W| T| A
Ci1i |1 1 0 0| 1/C33]0] 1 1 0] 1|c62/ 0| 0] 1] 1] 1
Clz2 |1 1 0 0] 1] C34|0] 1 1 0| 1|c71]1 ] 1) 0] 0] 1
Cl3 |1 1 0 0] 1] c35|0] 1 1 0| 1|c72] 1] 1] 0] 0] 1
C21| 0 1 1 0| 1/C36] 0] 1 1 0O 1|]c7r3]1| 1] 0] 0] 1
c22| 0 1 1 0] 1] Cc41 1] 0 0 1] 1/Cc81/ 0] 0] 1| 1] 1
cC23| 0 1 1 0] 1] c42 1] 0 0 1] 1/Cc82/ 0] 0] 1| 1] 1
C31]| 0 1 1 0| 1/¢Cc51]0] O 1 1] 1/Cc83] 0] 0 1| 1] 1
c32| 0 1 1 0| 1{C61| 0| O 1 1] 1

4.5 Evaluating Pairwise comparison

Pairwise comparisons of the elements in each Eneetonducted with respect to their relative imgroce
towards their control criterion. Saaty suggestescale of 1-9 when comparing two components. For
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example, number 9 represents extreme importanceamaher element. And number 8 represents it is
between ‘Yery strong importaritand “extreme importandeover another element. The result of the
comparison is the so-called dominance coefficignthat represents the relative importance of the
component on row (i) over the component on colugnn.€., § = wi/w;. The pairwise comparisons can be
represented in the form of a matrix. The score mdkesents equal importance of two component®and
represents extreme importance of the compoinew¢r the componemt After all pairwise comparison

is completed, the priority weight vectar)(is computed as the unique solution off & AnaW,
whereAmax IS the largest eigenvalue of matrix A. Saaty ()99@posed utilizing consistency
index (CI) to verify the consistency of the comparn matrix. The consistency index (Cl) of the
derived weights could then be calculated by: Chm— n)/ n—=1. In general, if Cl is less than
0.10, satisfaction of judgments may be derived.

4.6 Evaluating results

The data obtained were analyzed to derive facioripyrand overall priority scores. In Table 5 ateown
priorities for the first and second level. As wa e¢ete the most important factor is Strengths aidtore
of 0.454. While the most important criteria is ©7230).

Table 5.Priority. — Level 1 and Level 2

Strength Weaknesse
0.45¢ 0.18:
Opportunitie | S-O Strateg | W-O Strateg
0.21¢ C10.210 C20.110
C7 0.230 C30.100
Threat: S-T Strateg | W-T Strateg
0.14¢ C4 0.150 C50.070
C6 0.050
C8 0.080

The individual experts’ judgments obtained througiestionnaires were aggregated using the geometric
mean. The global results show (Figure 3) that aliogrto the experts best alternative with a pryorit
score of 0.267 is ALl. The second best alternative?i (0.242), followed by A4 (0.225) and A5 (0.144)
The last is A3 with a score of 0.115.

[3%)

e Global == Academic Expert Governmental Expert

Figure 3. Global Results.
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According to the best alternative Al, we would likenote that C1.1. - Compliance with provisions of
European RoHS Directive — is 0.432. The factor G1Reporting on amount of mercury used in light
sources (mg) — is 0.335. Finally C1.3 - Eliminatimhintentionally added SCCP — is 0.224. The other
scores were obtained similarly. According to thevjwus results we can affirm that the proposed
approach is useful to choose the best productrimstef environmental impacts, monitor the sustdmab
performance and to assess the priority of possitikrventions to be taken, in order to increase the
sustainability of the integrated system.

5. Conclusions

The present paper illustrates the development sfistainable decision making model based on the
SWOT and AHP technique with the aim of studyingithprovement of End-Of-Life of WEEE.

In particular in this study, we sought to demortstravith a case study, that it is possible to penfa
quantitative S-AHP analysis wherein the possiblgedeencies among SWOT factors are included. The
model has not been analyzed using past data, dtleetanavailability of past data for the particular
management case under study. However, there Ar& stimber of opportunities for expanding the gtud
and for validating the obtained results. The adages of AHP include its ability to make both qualite

and quantitative decision attributes commensuradohel its flexibility with regard to the setting of
objectives. AHP is easy to apply and understand tiams, the reformulation of the decision problerd a
repeating of comparisons can be profitable and atthral. The idea in utilizing AHP within a SWOT
framework is to systematically evaluate SWOT fastand commensurate their intensiti€ke hybrid
method of AHP and SWOT increases and improvesifioemation basis of strategic planning processes.
The reason for discussing the strategic environsnemtWEEE is to promote the achievements of R&D
and the technological innovation activities.
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