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Abstract

Waste from electrical and electronic equipment (WEEE) constitutes one of the most complicated solid waste streams in terms of its
composition, and, as a result, it is difficult to be effectively managed. In view of the environmental problems derived from WEEE man-
agement, many countries have established national legislation to improve the reuse, recycling and other forms of recovery of this waste
stream so as to apply suitable management schemes. In this work, alternative systems are examined for the WEEE management in
Cyprus. These systems are evaluated by developing and applying the Multi-Criteria Decision Making (MCDM) method PROMETHEE.
In particular, through this MCDM method, 12 alternative management systems were compared and ranked according to their perfor-
mance and efficiency. The obtained results show that the management schemes/systems based on partial disassembly are the most suit-
able for implementation in Cyprus. More specifically, the optimum scenario/system that can be implemented in Cyprus is that of partial
disassembly and forwarding of recyclable materials to the native existing market and disposal of the residues at landfill sites.
� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

Multi-Criteria Decision Making (MCDM) is a branch
of a general class of operation research models dealing with
decision problems under the presence of a number of deci-
sion criteria. This class is further divided into multiple
objective decision making (MODM) and multi-attribute
decision making (MADM) (Climaco, 1997; Potvin et al.,
2004). There are several methods in each of the above cat-
egories. Priority based, outranking, distance based and
mixed methods are also applied to various problems. The
methods can also be classified as deterministic, stochastic
and fuzzy methods. There may be combinations of the
above methods. Depending on the number of Decision
Makers (DMs), the methods can be classified as single or
group decision making methods. Decision making under
uncertainty and decision support systems are also promi-
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nent decision making techniques (Goicoechea et al., 1982;
Potvin et al., 2004).

These methodologies share common characteristics of
conflict among criteria, incomparable units and difficulties
in the selection of alternatives. In MODM, the alternatives
are not predetermined, but instead a set of objective func-
tions subject to a set of constraints is optimized. The most
satisfactory and efficient solution is sought. In this identi-
fied efficient solution it is not possible to improve the per-
formance of any objective without degrading the
performance of at least another objective. In MADM, a
small number of alternatives are to be evaluated against
a set of attributes which are often hard to quantify. The
best alternative is usually selected by performing compari-
sons among alternatives with respect to each attribute (Pot-
vin et al., 2004).

Multi-criteria analysis methods are used, among others,
for solving environmental problems related mainly to waste
management. Indicatively, they were applied as a decision
supporting tool for: (i) the selection of the most appropri-
ate technology for cleaning polluting soil (Hokkanen and
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Salminen, 1997a); (ii) the assessment and selection of waste
treatment/management technologies (Hokkanen and
Salminen, 1997b; Kokot et al., 1998; Visual Decision
Inc., 2000); and (iii) the site allocation of waste manage-
ment plants and landfill sites (Calijuri et al., 2004; Dulmin
and Mininno, 2003; Keller et al., 1991; Lahdelma et al.,
2002; Pohekar and Ramachandran, 2004).

Moreover, recent applications of MCA methods are
used in combination with other techniques, e.g., geograph-
ical information systems, in the cases where the object is
waste management planning as well as locating waste man-
agement plants and final disposal sites (Chareonsuk et al.,
1997; Goumas and Lygerou, 2000; Hokkanen et al., 2000;
Lahdelma et al., 2002).

In the WEEE management problem there are a number
of finite management systems existing worldwide that have
to be ranked considering various different and conflicting
criteria. Accordingly, this problem is considered as a
MCDM problem.

There are two important applications of outranking
methods – ELECTRE (Araz et al., 2006; De Boer et al.,
1998) and PROMETHEE (Araz et al., 2006; Brans et al.,
1986) – in decision-making problems.

The ELECTRE method is capable of handling discrete
criteria of both a quantitative and a qualitative nature
and provides complete ordering of the alternatives. The
problem is to be formulated in such a way that it chooses
alternatives that are preferred among most of the criteria.
The selected alternatives must not cause an unacceptable
level of discontent for any of the criteria. The concordance,
discordance indices and threshold values are used in this
technique. Based on these indices, graphs for strong and
weak relationships are developed. These graphs are used
in an iterative procedure to obtain the ranking of alterna-
tives (Potvin et al., 2004; Starkl et al., 2005). This index
is defined in the range (0–1); it provides a judgment on
the degree of credibility of each outranking relation and
represents a test to verify the performance of each alterna-
tive. In addition, the ELECTRE method yields a whole sys-
tem of binary outranking relations between the
alternatives. Since the system is not necessarily complete,
the ELECTRE method is sometimes unable to identify
the preferred alternative. It only produces a core of leading
alternatives. This method provides a clearer view of alter-
natives by eliminating the less favourable ones. It is partic-
ularly convenient when encountering few criteria with a
large number of alternatives in a decision-making problem
(Gómez-Delgado and Tarantola, 2006; Potvin et al., 2004).

To solve the above-mentioned problems, the PROM-
ETHEE method (preference ranking organization method
for enrichment evaluation) has been proposed as an out-
ranking method (Albadvi et al., 2006; Brans et al., 1986).
It is well adapted to problems where a finite number of
alternatives are to be ranked considering several, some-
times conflicting, criteria. This method has some strengths
in comparison with the analytic hierarchy process (AHP)
method (Albadvi et al., 2006; Norese, 2006). Additionally,
sensitivity analysis on results is possible through the soft-
ware utilization (Albadvi et al., 2006; Diakoulaki, 2003).

The relatively large amount of gathered data makes it
difficult to compare the proposed management systems
using only univariate analysis. This problem is overcome
by employing multivariate approaches in order to explore
and understand relationships between the objects and the
variables (Duijm and Markert, 2002; Higgs, 2006). Differ-
ent types of software can be used to help this decision mak-
ing process. In this work, the PROMETHEE method is
used with the aid of Decision Lab software (Higgs, 2006;
Lahdelma et al., 2000).

A number of modelling options must be chosen before
PROMETHEE can be implemented on any raw data
matrix. These options include the choice of an appropriate
preference function and the weight given to each variable.
The preference function defines how one object is to be
ranked relative to another and translates the deviation
between the evaluations of two samples on a single param-
eter into a preference degree. The preference degree repre-
sents an increasing function of the deviation; hence smaller
deviations will contribute to weaker degrees of preference
and larger ones to stronger degrees of preference (Herngren
et al., 2006; Higgs, 2006; Lahdelma et al., 2000). Six prefer-
ence functions represented by specific shapes are available
in the PROMETHEE method for the binary comparison
of choices: (i) regular criterion (usual type), (ii) criterion
with threshold of indifference (U-type), (iii) criterion with
threshold of preference (B-type), iv)evel criterion (level
type), (v) linear criterion (linear type) and (vi) criterion
Gauss (Gauss type) (Khalil et al., 2004). Each shape is
dependent on two thresholds, Q and P. Q is an indifference
threshold representing the largest deviation that is consid-
ered negligible and the preference threshold P represents
the smallest deviation that is considered as decisive. P can-
not be smaller than Q. The Gaussian threshold S is a mid-
dle value that is only used with the Gaussian preference
function (Higgs, 2006; Visual Decision Inc., 2000).

Preference flows are used to compare the alternatives
with each other. The positive preference flow (U+)
expresses the degree to which the sample is preferred over
the other alternatives, while the negative flow (U�)
expresses the degree to which all the other samples are pre-
ferred to the specific alternative. The net flow (U), which is
the difference between the positive and negative flows, is
used to rank the alternative cases in such a way that the
larger the net flow of an alternative, the higher the rank
order of the alternative relative to the other ones. PROM-
ETHEE gives the user two options in displaying the results,
either the partial ranking (PROMETHEE I) or complete
ranking (PROMETHEE II) (Higgs, 2006). Further infor-
mation on how to use PROMETHEE as well as the algo-
rithms for these procedures has been documented
elsewhere (Khelifi et al., 2006; Visual Decision Inc., 2000).

Also, several versions of PROMETHEE have been pro-
posed over the years in order to cater to the needs of more
complicated decision-making problems such as versions III
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and V of PROMETHEE (Brans and Mareschal, 1992;
Macharis et al., 2004). Recently, an extension of PROM-
ETHEE, which is called ‘‘PROMSORT” has been pro-
posed for multi-criteria sorting problems (Araz and
Ozkarahan, 2005).

2. PROMETHEE implementation

The steps that were followed in this work are shown in
Fig. 1. In particular
Fig. 1. Methodology of work.
2.1. Classification and calibration of criteria

In order to proceed with the successful application of
multi-criteria analysis, it is essential on one hand to deter-
mine and examine an adequate number of criteria that will
give a representative and complete picture of alternative
scenarios that are investigated and on the other hand to
calibrate the criteria that will be examined according to
their characteristics.
2.1.1. Determination of criteria

The determination-selection of evaluation criteria took
place on the basis of the following parameters:

� Existing experience from other applications
� Achievement of sufficient coverage of all parameters

that enter the examination of each alternative script-
management system;
� Achievement of a representative picture for the charac-

teristics of each alternative script-management system;
� Rejection of coverings (each criterion concerns con-

crete characteristics which are not involved in other
criteria).

2.1.2. Description of criteria

Seventeen individual criteria were selected in total, cate-
gorized in four groups of criteria, as described below.
2.1.2.1. Social. K1: Harmonization with the existing insti-
tutional/legislative frame. The harmonization level of the
proposed WEEE management systems with the EC legisla-
tive framework as well as with the existing national envi-
ronmental policy for WEEE is examined.

K2: Application of priorities of legislation. The adop-
tion of priorities of the EC environmental policy, such as
the recuperation of materials for recycling and/or reuse
and the exploitation of waste for energy production, are
examined.

K3: Social acceptance. The degree of social acceptance
of the proposed solution is examined and this is dependent
on many factors, such as

� the existing management practices regarding the waste
stream under examination;
� the environmental repercussions that are caused by the

existing management practices;
� the prevention/reduction of environmental repercus-

sions that will be achieved via the adoption of new man-
agement practices;
� the awareness level of citizens on environmental

subjects;
� the level of environmental sensitization of citizens;
� the educational system;
� the potential tax that will be introduced by the adoption

of new management practices.
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K4: Potential for creation of new jobs. The potential of
the absorption of workforce according to the requirements
that will be created by the application of the proposed
management system is examined.
2.1.2.2. Environmental. P1: Level of potential environmen-
tal impacts. The potential consequences to the environment
caused by the installation and operation of such a manage-
ment unit in combination with the requirements for the
installation and use of antipollution systems for the preven-
tion and/or confrontation of such consequences, are
examined.

P2: Air emissions. The air emissions differ depending on
the management method and the particular technique that
is adopted. For this reason, they constitute a very sensitive
criterion for the evaluation of the alternative–proposed
management systems. Particular attention is paid to emis-
sions that cause adverse consequences to public health
and the environment.

P3: Generation of wastewater. The different manage-
ment systems are differentiated in this criterion as well. Par-
ticular attention must be given to the potential
unfavourable consequences to public health and the
environment.

P4: Production of solid waste – residues. Since the pro-
posed management systems will be suitable for the manage-
ment of different streams of solid waste, within this
criterion the production of secondary solid waste – residues
of each activity is examined. As in the other two categories
of waste (air and wastewater), special attention must be
paid to the harmful consequences to human health and
the environment.

P5: Noise pollution. The noise pollution that origi-
nates from the management plants is an important factor
that should be taken into consideration during the plan-
ning–application of the management systems. At the
same time, the noise pollution deriving from waste trans-
portation to the management plants should also be
considered.

P6: Aesthetic nuisance. The aesthetic consequences from
the installation–operation of the unit and the changes in
the natural landscape constitute an important factor, which
depends on the type of equipment that is used and the
requirements for the additional work of the infrastructure.
The value of this criterion is based on the first impression
that the citizen has for such a plant.
2.1.2.3. Economic. O1: Cost of investment. The investment
cost is considered as an essential factor for decision-mak-
ing. An important parameter related to the evaluation of
each proposed management system is how this can be
included in the budgetary constraints.

O2: Cost of operation and maintenance. It includes
expenses for maintenance of installations, personnel costs,
auxiliary supplies, antipollution technology, control and
follow-up of the system operation, transportation of waste,
etc. The operation cost of waste management determines
the viability of each system.

O3: Land demands. This criterion is of great importance
in cases where there are land constraints or the land price is
particularly high.

2.1.2.4. Technical. T1: Functionalism. The parameters
examined as far as the functionalism of the proposed man-
agement systems is concerned are the following:

� the potential of constant and smooth operation;
� the requirements in specialised personnel maintenance;
� the simplicity of operation;
� the resistance of equipment to time and natural

deteriorations;
� the expected lifetime of the installation;
� the safety of installation.

T2: Existing experience – reliability. The existing
experience from the application of similar technologies
and management systems plays an essential role in the eval-
uation of the proposed administrative plans-systems. More
specifically, if there is a need for the introduction of new
technologies, the evaluation of existing experience is very
important for the potential adoption of these technologies.

T3: Adaptability to local conditions. The effectiveness of
each system depends on the possibility of its unhindered
application based on the particular characteristics of the
region under review (e.g., available quantities of waste
for management, minimal required capacity for the system
to remain viable, etc.).

T4: Flexibility. In this criterion the ability of adaptation
of each management system to the potential changes of the
quantity of waste is examined.

2.1.3. Calibration of criteria

According to the steps of comparative evaluation of the
alternative management systems, the calibration of each
individual criterion is based on its characteristics. In
particular, all likely cases are covered and a scoring system
is applied, with a scale from 1 to 10. As shown in Table 1,
the most favourable cases are allocated a high mark, while
the least favourable cases are allocated a low mark.

The scoring system and the alternative scores that were
set for each individual criterion in relation to its character-
istics were developed and set in the framework of extensive
research developed by the authors through which various
applications of the multi-criteria analysis were carried
out. In particular, multi-criteria supporting methods were
applied for the determination of (i) the optimum system
for the management of municipal solid waste in several
areas of Greece, (ii) the optimum technology/method for
the management of specific waste streams such as hazard-
ous waste in Greece, (iii) the site allocation of municipal
landfill sites in Greece, and (iv) the optimum system for
the management of end-of-life-vehicles and construction
and demolition waste in Cyprus. During this research



Table 1
Calibration of the 17 criteria in the (1–10) scale

Criterion Description Score

K1 Complete harmonization 10
Partial harmonization 5
No harmonization 1

K2 Complete application of the priorities of legislation 10
Partial application 5
Application at low level 3
No application of legislative priorities 1

K3 Complete social acceptance after informing 10
Partial social acceptance 5
Social acceptance because of a lack of informing 3
No social acceptance because of a lack of informing 3
No social acceptance after informing 1

K4 Creation of new jobs to a great extent 9
Creation of new jobs to a limited extent 4
No creation of new jobs 1

P1 Environmental impacts to an insignificant extent 7
Environmental impacts to a limited extent 4
Environmental impacts to a great extent 1

P2 Significant air emissions and odors (controlled) 6
Limited air emissions and odors (controlled) 8
Insignificant (minimum) air emissions and odors
(controlled)

9

P3 Significant generation of wastewater (controlled) 6
Limited generation of wastewater (controlled) 8
Insignificant (minimum) generation of wastewater
(controlled)

9

P4 Significant production of solid waste/residues
(controlled)

6

Limited production of solid waste/residues
(controlled)

8

Insignificant (minimum) production of solid waste/
residues (controlled)

9

P5 Minimum noise pollution 9
Limited noise pollution 7
Relatively high noise pollution 4
Extreme noise pollution 1

P6 Pleasant aesthetic condition 9
Relatively pleasant aesthetic condition 7
Moderate aesthetic condition 4
Nasty aesthetic condition 1

O1 Low total investment cost 10
Moderate total investment cost 8
High total investment cost 5

O2 Low operation-maintenance cost 9
Moderate operation-maintenance cost 7
Relatively high operation-maintenance cost 4
High operation-maintenance cost 1

O3 High land demands 1
Relatively high land demands 3
Moderate land demands 7
Low land demands 9

T1 High functionality 9
Relatively high functionality 7
Moderate functionality 5
Low functionality 3
Very low functionality 1

Table 1 (continued)

Criterion Description Score

T2 High existing experience 10
Relatively high existing experience 7
Moderate existing experience 5
Low existing experience 3
Very low existing experience 1

T3 High adaptability to local conditions 10
Relatively high adaptability to local conditions 7
Moderate adaptability to local conditions 5
Low adaptability to local conditions 3
Very low adaptability to local conditions 1

T4 High flexibility 10
Relatively high flexibility 7
Moderate flexibility 5
Low flexibility 3
Very low flexibility 1
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and the applications of the multi-criteria analysis, the
scores that were set for each individual criterion in relation
to its characteristics were confirmed, adjusted and fixed,
after discussions with other scientists and researchers as
well as with actors involved in the field of each case.

2.2. Determination of weight coefficients

The weight coefficients for every group of criteria were
determined according to the degree of importance of each
one: social 15%, environmental 30%, economic 30% and
technical 25% (the sum equals to 100%). Then, the weight
coefficients for each criterion of each group of criteria are
determined, depending on the degree of importance that
each criterion has in the group (Table 2). The sum of the
weight coefficients of each team is equal to 100%. In Table
3 the individual weight coefficients for each criterion are
presented. These were calculated by multiplying the weight
coefficients of categories–groups by the corresponding
weight coefficients of criteria in each group. The sum of
weight coefficients of individual criteria equals 100%.

The determination of the criteria weight coefficients was
based on: (i) the experience in relative applications, (ii) the
specific characteristics of the country (i.e., capability to
establish installations of a high capacity, since the waste
quantities are quite low, a fact that affects the economic
and technical groups of criteria), (iii) the opinion/sugges-
tions of all Cypriot actors involved in the field, such as
Ministries, companies, Association of Recyclers, Local
Authorities etc. The authors visited the premises of all Cyp-
riot authorities/actors involved in the field, had discussions
with them and asked them to complete a form/question-
naire that was distributed together with appropriate infor-
mative material. After 1 month, the working group visited
again the premises of the Cypriot authorities and actors
and collected the completed questionnaires. In total, 110
representatives of the Cypriot actors and authorities were
provided with the material described above and 102 of
them filled in the questionnaire, which included:



Table 2
Weight coefficients for each criterion of each group of criteria

Weight coefficients
(%)

Social

Harmonization with the existing Institutional/
legislative frame

30

Application of priorities of legislation 30
Social acceptance 25
Potential of new jobs’ creation 15

Total 100

Environmental

Level of potential environmental impacts 25
Air emissions 20
Production of wastewater 20
Production of solid waste – residues 20
Noise pollution 10
Aesthetic nuisance 5

Total 100

Economic

Cost of investment 40
Cost of operation and maintenance 40
Requirements of land 20

Total 100

Technical

Functionality 25
Existing experience – reliability 30
Adaptability to local conditions 25
Flexibility 20

Total 100

Table 3
Individual weight coefficients for each criterion

Weight coefficients
(%)

Social

Harmonization with the existing Institutional/
legislative frame

4.5

Application of priorities of legislation 4.5
Social acceptance 3.75
Potential of new jobs’ creation 2.25

Environmental

Level of potential environmental impacts 7.5
Air emissions 6
Production of wastewater 6
Production of solid waste – residues 6
Noise pollution 3
Aesthetic nuisance 1.5

Economic

Cost of investment 12
Cost of operation and maintenance 12
Requirements of land 6

Technical

Functionality 6.25
Existing experience – reliability 7.5
Adaptability to local conditions 6.25
Flexibility 5

Total 100
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� 25 persons from all of the Departments of the Ministry
of Agriculture, Natural Resources and Environment of
Cyprus;
� 16 persons from the Recycling companies and the Asso-

ciation of the Recyclers of Cyprus;
� 16 persons from the University of Cyprus (academic

staff and researchers);
� 5 persons from the Cypriot Statistic Service;
� 17 persons from the Cypriot Municipalities and

Communities;
� 16 persons from private companies who deal with the

preparation of environmental studies and/or with the
construction of waste management facilities;
� 3 persons from the Trade and Industrial Chamber of

Cyprus;
� 4 persons from companies that deal with the import and

selling of electrical and electronic equipment.

The active, wide and representative participation of all
Cypriot actors involved in the field of the WEEE in combi-
nation with the experience of the working group in similar
applications led to the minimisation of bias during the
development of the survey.
2.3. Choice of alternative systems of WEEE management

All of the alternative management systems that were
examined are presented synoptically in Table 4. The 12
alternative systems were selected by carrying out extensive
research at the European and international levels (use of
internet resources, contacts with operators of relevant
installations, use of technical reports and editions, contacts
with representatives of competent authorities from several
countries, site visits to installations that are located in other
European countries, etc.).
2.4. Rating of alternative systems of WEEE management

Table 5 refers to the performance rating of each alterna-
tive scenario per criterion. This table is known as ‘‘Multi-
criteria Matrix of Values,” and it is essential for the use
of the Calculating Program Decision Lab (Method
PROMETHEE). For each alternative scenario, each crite-
rion was characterized according to its actual performance
and then it was compared with the corresponding crite-
rion’s calibration set (Table 1). For the characterization
and the comparison of the alternative management systems
per criterion, extensive analysis of the method and technol-
ogy that are included in each management system was car-
ried out, in order to obtain its exact performance. Again,
the rating of the alternative scenarios was confirmed,
adjusted and fixed (in order to assure the credibility of
the data), after discussions with other scientists and
researchers having great experience in the management of
solid waste as well as with actors involved in the field of
the management of WEEE in Cyprus and internationally.



Table 6
Empirical estimation of thresholds of indifference

K1 K2 K3 K4

Social

Q 0.1 0.2 0.3 0.5
P 0.3 0.6 0.9 1.5

P1 P2 P3 P4 P5 P6

Environmental

Q 0.3 0.3 0.2 0.2 0.3 0.3
P 0.9 0.9 0.6 0.6 0.9 0.9

O1 O2 O3

Economic

Q 0.4 0.3 0.4
P 1.2 0.9 1.2

T1 T2 T3 T4

Technical

Q 0.4 0.2 0.3 0.5
P 1.2 0.6 0.9 1.5

Table 4
List of all alternative management systems under examination

Management
system

Description

1 Complete disassembly and forwarding of recyclable
materials to the native existing market

2 Complete disassembly and forwarding of recyclable
materials to the native market (after developing the
appropriate infrastructures)

3 Complete disassembly and transfer of recyclable
materials abroad

4 Complete disassembly and forwarding of recyclable
materials to the native existing market and thermal
treatment of the residue according to the existing
situation

5 Complete disassembly and forwarding of recyclable
materials to the native market (after developing of the
appropriate infrastructures) and thermal treatment of
the residue

6 Complete disassembly and transfer of recyclable
materials abroad and thermal treatment of the residue

7 Partial disassembly and forwarding of recyclable
materials to the native existing market

8 Partial disassembly and forwarding of recyclable
materials to the native market (after developing of the
appropriate infrastructures)

9 Partial disassembly and transfer of recyclable materials
abroad

10 Partial disassembly and forwarding of recyclable
materials to the native existing market and thermal
treatment of the residue according to the existing
situation

11 Partial disassembly and forwarding of recyclable
materials to the native market (after developing of the
appropriate infrastructures) and thermal treatment of
the residue

12 Partial disassembly and transfer of recyclable materials
abroad and thermal treatment of the residue
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2.5. Determination of thresholds of indifference (Q) and

preference (P)

The use of thresholds of indifference and preference
facilitates the DM to express his preferences, without the
need for determination of value interrelations. The type
Table 5
Rating of the proposed–alternative systems of WEEE management

Alternative management systems Social Environment

(K1) (K2) (K3) (K4) (P1) (P2)

1 10 8 7 8 4 8
2 10 8 7 8 4 8
3 9 7 8 6 5 8
4 9 8 6 9 3 6
5 9 8 6 9 3 6
6 9 7 7 7 4 6
7 10 9 8 6 5 9
8 10 9 8 6 5 9
9 9 8 9 4 6 9
10 9 9 7 7 4 6
11 9 9 7 7 4 6
12 9 8 8 5 5 6
and the prices of thresholds depend on the nature of the
criterion, the dissemination of records of choices, the objec-
tive uncertainty and the subjective hesitations of the DM
on small differences of records. Usually, the threshold of
indifference is estimated not to exceed 5–15%, and the
threshold of preference is estimated not to exceed 10–30%
of this difference. In this particular case, the selected per-
centages are 10% and 30%, respectively. The results for
each group of criteria are given separately for each case
in Table 6a–d.

2.6. Use of the decision making program

In order to implement PROMETHEE, DECISION
LAB software has been applied, which supports PROM-
ETHEE I and II. PROMETHEE has been applied in differ-
ent areas, such as Information Technology (IT) design
(Albadvi, 2004; Albadvi et al., 2006; Gal and Hanne,
1999; Roy, 1985). It has also Weight Coefficients and Sta-
bility Intervals tools for sensitivity analysis on evaluation
results (Albadvi et al., 2006; Diakoulaki, 2003).
al Economic Technical

(P3) (P4) (P5) (P6) (O1) (O2) (O3) (T1) (T2) (T3) (T4)

8 8 5 5 6 5 5 6 4 5 5
8 8 5 5 5 5 5 6 4 6 6
8 8 5 6 5 4 4 7 4 6 7
9 9 4 4 5 4 4 5 3 5 4
9 9 4 4 4 4 4 5 3 6 5
9 9 4 5 4 3 3 6 3 6 6
7 7 7 6 8 6 6 8 5 7 7
7 7 7 6 7 6 6 8 5 8 8
7 7 7 7 7 5 5 9 5 8 9
8 8 6 5 7 5 5 7 4 7 6
8 8 6 5 6 5 5 7 4 8 7
8 8 6 6 6 4 4 8 4 8 8
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3. Results

3.1. Implementation of program with use of the linear

criterion

The implementation of the program with the use of the
linear criterion led to the results that are presented and
commented analytically below.

3.1.1. Partial ranking of proposed management systems

(PROMETHEE I)

As it appears in Fig. 2, there is no comparability
between the scripts–proposed management systems 7 and
8. Regarding the remaining scripts, this is not the case. Sys-
tems 2, 6, 4 and 5 follow only for aesthetic reasons of the
figure. Therefore, the final ranking (classification) of sys-
tems with the method PROMETHEE gives as the optimum
solution scripts 7 and 8. At the second level of preference,
the remaining systems are found with the ranking pre-
sented in Fig. 3. In order to overcome this problem of
incomparability, the method of PROMETHEE II is used,
the results of which are presented in Fig. 3.

3.1.2. Complete ranking of proposed management systems

(PROMETHEE I)

In Fig. 3 the complete ranking of systems according to
the method PROMETHEE II is illustrated. As it appears,
there is no incomparability among the management sys-
tems. As the optimum solution, a unique solution is given
Fig. 2. Partial ranking of proposed management syste

Fig. 3. Complete ranking of proposed management syst
this time, that of management system 7. System 8 is given
as the second best solution, while system 9 is given as the
third best one.

On the basis of the results from the partial and complete
classification of choices, it is indicated that the optimum
alternative management system is 7: ‘‘Partial disassembly
and forwarding of recyclable materials to the native exist-
ing market”.

3.1.3. Effect of all of criteria in the systems

The program provides the ability to observe the impact
of all used criteria in every proposed–examined system.
The results are shown in Figs. 4 and 5. On the basis of
Fig. 4, management system 1 is influenced positively by cri-
teria K1, K4, P2, O1 and O2. On the contrary, it is not
influenced positively by the remaining criteria. System 2
is influenced positively by criteria K1, K4, P2 and O2. Sys-
tem 3 is influenced positively by more criteria in compari-
son to the previous systems. The criteria that influence
positively this system are K3, P1, P2, P6, O3, T1 and T4.
Finally, system 4 is influenced positively only by K4, P3
and P4. Criterion K1, which has a numerically higher net
flow than the others, influences mostly systems 1 and 2.
Criteria K2 and K3, that have a numerically lower net flow
than the others, influence systems 3 and 4, respectively,
more unfavourably than the remaining criteria. Besides, it
is observed that the degree of influence of criterion in each
script differs from script to script because of the interaction
with the other criteria.
ms (PROMETHEE I, use of the linear criterion).

ems (PROMETHEE II, use of the linear criterion).



Fig. 4. Impact of all applied criteria in the examined systems 1–6.
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System 7 is positively influenced by the majority of cri-
teria, while it is influenced negatively only by K4, P3 and
P4. This is why this system occupies the first position in
the complete ranking. Finally, system 8 is influenced posi-
tively by the majority of the criteria with the exception of
K4, P3 and P4 (Fig. 5). System 8 yields the second position
in the complete ranking of the examined systems.

3.2. Implementation of program with use of the level criterion

The implementation of the program with the use of the
linear criterion led to the results that are presented and
commented analytically below.

3.2.1. Partial ranking of proposed management systems

(PROMETHEE I)

As it appears in Fig. 6, among scripts 7 and 8, there is no
comparability. This is not the case for the remaining
scripts. systems 2, 6, 4 and 5 exist in the line below the
other systems only for aesthetic reasons of the figure.
Therefore, the final ranking (classification) of systems with
the method PROMETHEE gives as optimal solution script
7 or 8. At the second level of preference, the remaining sys-
tems are found with the order of ranking that appears in
Fig. 6. In order to overcome the problem of incomparabil-
ity, the method PROMETHEE II is used.

3.2.2. Complete ranking of proposed management systems

(PROMETHEE II)

In Fig. 7 the complete classification of the scripts with
the use of the method PROMETHEE II is presented. As
it appears, there is comparability between the systems. A
unique script (system 7) is the optimum one. As second
desirable solution, system 8 is selected, and as third, system
9.

3.3. Implementation of program with use of the Gauss

criterion

The implementation of the program with the use of the
Gauss criterion led to the results that are presented and
commented analytically below.



Fig. 5. Impact of all applied criteria in the examined systems 7–12.

Fig. 6. Partial ranking of proposed management systems (PROMETHEE I, use of the level criterion).
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Fig. 7. Complete ranking of proposed management systems (PROMETHEE II, use of the level criterion).
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3.3.1. Partial ranking of proposed management systems

(PROMETHEE I)

As it appears in Fig. 8, there is incomparability among
systems 9, 7 and 8, while there is comparability for systems
12, 10 and 11. The same phenomenon appears for systems
3 and 1.

3.3.2. Complete ranking of proposed management systems

(PROMETHEE II)

In Fig. 9, the complete classification of scripts via
PROMETHEE II is given. It is clear that there is no
incomparability between the systems. System 9 is selected
as the optimum solution. System 7 is selected as the second
desirable solution and system 8 as the third one. The weight
Fig. 8. Partial ranking of proposed management syste
coefficients and the stability intervals of the level criterion
and the criterion Gauss are presented in Table 7.

3.4. Final classification – ranking of alternative systems of
WEEE management

The systems that yield the three first places, in other
words the best and most feasible systems for the manage-
ment of WEEE in Cyprus, are the following:

Optimum solution: Management System 7. Partial disas-
sembly and forwarding of recyclable materials to the native
existing market.

Second best solution: Management System 8. Partial dis-
assembly and forwarding of recyclable materials to the
ms (PROMETHEE I, use of the Gauss criterion).



Fig. 9. Complete ranking of proposed management systems (PROMETHEE II, use of the Gauss criterion).

Table 7
Weight coefficients and stability intervals of their values

Level criterion Criterion Gauss

Weight Interval % Weight % Interval Weight Interval % Weight % Interval

Min Max Min Max Min Max Min Max

K1 0.0450 0.0298 0.0623 4.50 3.03 6.12 0.0450 0.0000 0.0619 4.50 0.00 6.09
K2 0.0450 0.0222 0.0709 4.50 2.27 6.91 0.0450 0.0000 0.0609 4.50 0.00 5.99
K3 0.0375 0.0144 0.0578 3.75 1.48 5.66 0.0375 0.0124 0.1784 3.75 2.17 15.64
K4 0.0225 0.0033 0.0443 2.25 0.34 4.34 0.0225 0.0000 0.0318 2.25 0.00 3.15
P1 0.0750 0.0519 0.0953 7.50 5.32 9.34 0.0750 0.0589 0.2159 7.50 5.99 18.92
P2 0.0600 0.0000 0.1768 6.00 0.00 15.83 0.0600 0.0000 0.1330 6.00 0.00 12.39
P3 0.0600 0.0000 0.4108 6.00 0.00 30.41 0.0600 0.0000 0.5290 6.00 0.00 36.01
P4 0.0600 0.0000 0.04108 6.00 0.00 30.41 0.0600 0.0000 0.5290 6.00 0.00 36.01
P5 0.0300 0.0000 Infinity 3.00 0.00 100.00 0.0300 0.0000 Infinity 3.00 0.00 100.00
P6 0.0150 0.0000 0.0353 1.50 0.00 3.46 0.0150 0.0000 0.1559 1.50 0.00 13.66
O1 0.1200 0.0868 0.1838 12.0 8.98 17.27 0.1200 0.0593 0.1365 12.0 6.32 13.43
O2 0.1200 0.0997 0.1431 12.0 10.18 13.98 0.1200 0.0000 0.1361 12.0 0.00 13.40
O3 0.0600 0.0411 0.0932 6.00 4.19 9.02 0.0600 0.0432 0.1333 6.00 4.40 12.42
T1 0.0625 0.0248 0.0957 6.25 2.57 9.26 0.0625 0.0460 Infinity 6.25 4.68 100.00
T2 0.0750 0.0000 Infinity 7.50 0.00 100.00 0.0750 0.0000 Infinity 7.50 0.00 100.00
T3 0.0625 0.0094 0.0875 6.25 0.99 8.54 0.0625 0.0415 0.1082 6.25 4.24 10.34
T4 0.0500 0.0164 0.0692 5.00 1.70 6.79 0.0500 0.0407 0.0999 5.00 4.11 9.52
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native market (after development of the appropriate
infrastructures).

Third best solution: Management System 9. Partial disas-
sembly and transfer of recyclable materials abroad.

3.5. Sensitivity analysis

Sensitivity analysis is valuable as it shows how much the
results and especially the final ranking of the proposed
management systems are influenced by fluctuations in the
weight coefficients of the criteria. Through the use of stabil-
ity intervals, a range for each criterion’s weight is identified
for which the results of the ranking will not change. The
results are only those for the linear criterion. It was
observed that the results of the other two types of criteria
(level and Gaussian) were similar to those of the linear
criterion.
3.5.1. Social criteria

The changes that were imposed to the weight coefficients
of the social criteria led to the conclusion that criteria K1
and K4 do not alter the final ranking of the proposed man-
agement systems. The unique change that was noticed was
in the values of net flows. Criteria K2 and K3 influence the
final ranking. The final ranking of the alternative manage-
ment systems after having modified the weight coefficient
of the K2 criterion from 4.5% to 1% is as follows:

7! 9! 8! 12! 10! 11! 3! 1! 2! 6! 4! 5

In addition, it was noted that the change in the final rank-
ing of the alternative scenarios is also taking place in the
case that the weight coefficient of the K2 receives a value
that is higher than the maximum allowable limit.

3.5.2. Environmental criteria

The changes that were imposed in the weight coefficients
of the environmental criteria led to the conclusion that the
criteria which influence the final ranking of the proposed
management systems are P1, P3, P4 and P6. For the
remaining criteria, changes in weight coefficients resulted
in a change in the values of net flows. Indicatively, the
ranking of systems is presented after having changed the



Table 8
Criteria that influence the final ranking

Criteria Criteria that influence the final ranking

Social K2–K3
Final ranking (changing the weight coefficient of K2) 7 ? 9 ? 8 ? 12 ? 10 ? 11? 3 ? 1 ? 2 ? 6 ? 4 ? 5

Environmental P1, P3, P4 and P6
Final ranking (changing the weight coefficient of P3) 7 ? 12 ? 8 ? 10 ? 9 ? 11? 6 ? 1 ? 3 ? 4 ? 2 ? 5

Economic O1–O2–O3
Final ranking (changing the weight coefficient of O1) 8 ? 7 ? 9 ? 12 ? 10 ? 11 ? 3 ? 1 ? 2 ? 6 ? 5 ? 4

Technical T1–T3–T4
Final ranking (changing the weight coefficient of T1) 9 ? 7 ? 8 ? 12 ? 10 ? 11 ? 3 ? 1 ? 2 ? 6 ? 4 ? 5
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weight coefficient of criterion P3 out of the area of stability
intervals. The weight coefficient of criterion P3 was chan-
ged from 6% to 35%. This change resulted in the differenti-
ation of the final ranking. This change is obvious noting
the complete ranking of PROMETHEE II that is presented
below:

7! 12! 8! 10! 9! 11! 6! 1! 3! 4! 2! 5
3.5.3. Economic criteria

Concerning the economic criteria, it was observed that
all of them influence the final ranking of the proposed man-
agement systems by changing their weight coefficients. This
influence should be expected due to the nature and the
importance of this group of criteria. Indicatively, the rank-
ing of the systems is presented after having changed the
weight coefficient of criterion O1 out of the area of stability
intervals. The weight coefficient of criterion O1 was chan-
ged from 12% to 5%. This change resulted in the differenti-
ation of the final ranking. This change is obvious and is
summarized by the new complete ranking of PROM-
ETHEE II that is presented below:

8! 7! 9! 12! 10! 11! 3! 1! 2! 6! 5! 4
3.5.4. Technical criteria

Finally, as far as the technical criteria are concerned, the
only criterion that does not alter the final ranking is criterion
T2. Indicatively, the ranking of the systems is presented after
having changed the weight coefficient of criterion T1 out of
the area of stability intervals. The weight coefficient of crite-
rion T1 was modified from 7.5% to 22%. This change
resulted in the differentiation of the final ranking. This
change is obvious by observing the new complete ranking
of PROMETHEE II presented below:

9! 7! 8! 12! 10! 11! 3! 1! 2! 6! 4! 5

In Table 8, the criteria that influence the final ranking and
the changes are presented.

The overall results of the application of the MCDM
method show that the optimum scenario/system for the
management of WEEE in Cyprus includes partial disas-
sembly by establishing appropriate installations, forward-
ing of recovered materials to the native market and
disposal of the residues to landfill sites.
4. Conclusions

In this work, the PROMETHEE decision-making
method has been applied in order to examine alternative
scenarios/systems for WEEE management in Cyprus.

The obtained results, including the sensitivity analysis
(i.e., modifications of the weight coefficients of the applied
criteria), show that management schemes/systems based on
partial disassembly are the most suitable for implementation
in Cyprus. More specifically, the optimum scenario/system
that can be implemented in Cyprus is that of partial disas-
sembly and forwarding of recyclable materials to the native
existing market and disposal of the residues at landfill sites.
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