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1 Introduction

The selection of an appropriate alternative manag¢rscheme for the management
of domestic solid waste concerns different usech sas authorities and residents.
These users have their own objectives and prieriied it is possible that a good
alternative for one user is not necessarily goodfmther user.

Each alternative management scheme has its ownegoasces from a social,
environmental, financial and technical point ofwid-urthermore, the criteria used to
determine these consequences are often contradiatml not equally important. A
Multiple Criteria Decision method to aid in selegfithe best compromise scheme for
the treatment of domestic solid waste is presemieldis work. The constitution of a
set of alternatives schemes, the selection oft aflisslevant criteria to evaluate these
alternative schemes and the selection of the apjptepnanagement systems are also
presented and analyzed. Then, a plan for the eféeatanagement of the domestic
solid waste generated in Morocco was developed.pdnticular, the type of
management systems as well as the number of theresponding
facilities/installations were set, taking into cwmiesation thei. ranking of all the
alternative management systems as obtained frorapplcation of the multi criteria
analysis,ii. quantities of domestic solid waste that is gendratelocal, regional and

national level in the countryij. Population density of each area of the country



2 Choice of an appropriate Multi-criteria Decision Analysis (MCDA) method

2.1 General Description

Several methodologies exist for multi-criteria ¢dgmn aiding. There are no better or
worse techniques, but techniques better suitedattcplar decision problems than

others.

It is essential to develop in detail all elememisted to the situation of MCDA before

carrying out the selection of an appropriate MCDAtnod in order to solve the

problem under study. The choice of a certain MCDéthnd cannot be decided at the
beginning of the process. This decision should waiil the analyst and the Decision
Makers (DMs) understand the problem, the feasilterratives, different outcomes,

conflicts between the criteria and the level ofentainty of the data.

It is generally believed that outranking methode arell suited for energy and
environmental planning issues. They provide desmint into the structuring of the
problem, they model realistically the DMs prefererstructure and they could treat
the uncertainty of the required information throygtobability distributions, fuzzy

sets, and threshold values inclusion. On the otmmnd, some of them (e.g.,
ELECTRE lll) are considered to be complicated ahérefore are not easily
understood by DMs.

In this study, the PROMETHEE method was selectedige of its simplicity and its
capacity to approximate the way human mind expeeasé synthesizes preferences
in front of multiple contradictory decision persprees. PROMETHEE method
belongs to the wider family of the outranking methoHere, the most important of

the underlying concepts are presented.

2.2 The PROMETHEE method

2.2.1 Principles

As all outranking methods, PROMETHEE proceeds faia of-wise comparison of
alternatives in each single criterion in order tetedmine partial binary relations
denoting the strength of preference of an altevea#i over alternativeb. The

evaluation table is the starting point of the PROMIEE method. In this table, the



alternatives are evaluated on the different caterfhese evaluations involve

essentially quantitative data.

The implementation of PROMETHEE requires two addidl types of information,
namely:
information on the relative importance (i.e. theigi#s) of the criteria
considered;
information on the decision-maker’s preference fiom; which he/she uses
when comparing the contribution of the alternatireserms of each separate

criterion.

2.2.2 The weights
The weights can be determined according to varioathods. In the present work,

weight factors reflecting the DMs previous expeceeand their insights are adopted.

2.2.3 The preference function

The preference functionP]) translates the difference between the evaluations
(i.e.,scores) obtained by two alternatives gnd b) in terms of a particular
criterion,into a preference degree ranging frora Q.tLet

Piab=Gilfj(@)-fi(b)]. (1)

0 Pan 1(2

be the preference function associated to the wmteh(i) whereG; is a nondecreasing
function of the observed deviation (d) betwéém) and fi(b).

In order to facilitate the selection of a specpieference function, six basic types
have been proposed, usual function, U-shape functibshape function, level

function, linear function and Gaussian functiore(3able 1).



Table 1 Preference functions of Promethee

Function Shape Thresheld

Usual No threshold

U-shape Q) threshold
W-shape i P threshold
Level l:l ) and P thresholds
Linear ,:_" ) and P thresholds
Gaussian i S threshold

2.2.4 Individual group analysis
PROMETHEE permits the computation of the followirguantities for each
alternativea andb:

k

@b)= P@bw,,

()= xa (xa),3)
()= xa (ax),
()= ") ()

For each alternativa, belonging to the set A of alternativeqa,b) is an overall
preference index df overb, taking into account all the criteria;( ) and (). ()
represents a value function, whereby a higher viadtlects a higher attractiveness of

alternativea and is called net flow.

The two main PROMETHEE tools can be used to andhsevaluation problem:
the PROMETHEE | partial ranking,
the PROMETHEE Il complete ranking.



The PROMETHEE | partial ranking provides a rankaiglternatives. In some cases,
this ranking may be incomplete. This means that es@tiernatives cannot be
compared and, therefore, cannot be included imaptate ranking. This occurs when
the first alternative obtains high scores on paldic criteria for which the second
alternative obtains low scores and the oppositeirsctor other criteria. The use of
PROMETHEE | then suggests that the decision-makeuld engage in additional
evaluation efforts. PROMETHEE 1l provides a comgleanking of the alternatives
from the best to the worst one. Here, the net fbused to rank the alternatives.

Additional tools such as the ‘walking weights’ che used to further analyse the

sensitivity of the results in function of weightasiges.

3 Evaluation criteria

An important step in a decision analysis is onewinich the DM structure the
hierarchy of the criteria. In this phase, a complgmoup criteria problem is
decomposed into sub-criteria (Figure 1). The daterhich are used in this research
fall into the following four categories: social, wronmental, financial and technical
criteria. Under these four categories totally 1f8edent evaluation criteria are defined.
These include both quantitative and qualitative suess. The criteria used for the
purposes of the project are described analytidcadlgw:

the groups of criteria (social-institutional, emnmental, economic and technical) as
well as the individual criteria were set specifigdior the purposes of the project,
since they focus on the examination of systems tfi@ management of waste
(adaptation of the multi-criteria method to thejsgbunder examination).

Criteria Hierarchy

[ Social | | Envionmental | | Financial | | Technical |

Figure 1: Criteria hierarchy for management schemes of gtime/aste in Morocco.




(S1) Harmonization with the existing legislative franmelw informing on the
degree each type of scheme is harmonized with iistirey legislative
framework of Morocco. The criterion is measuredao(l-10) scale which is

defined below:

Complete harmonization 10
Partial harmonization 5
No harmonization 1

(S2) Application of priorities of legislationthe adopting of priorities of
Morocco environmental policy is examined and mgrectically in the first
phase the recovery of materials for recycling at/eeuse and in second phase
the utilization of waste for energy production. Tdréerion is measured on a

(1-10) scale which is defined below:

Complete application 10
Partial application 5
Application in low level 3
Opposition with the guidelines 1

(S3) Social acceptancehe degree of the social acceptance of the proposed
management practice is examined. The criteriongasured on a (1-10) scale

which is defined below:

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

(Sy) Possibilities of creation of new jothe possibility for labor’s absorption
Is tested according to the demands which will dineen the application of the
proposed management scheme. The criterion is mexhsur a (1-10) scale

which is defined below:

Creation of new job positions to a great extent 10

Creation of new job positions to a significant exte 7




Creation of new job positions to a limited extent 4

No creation of new job positions 1

(E1) Level of possible environmental impacts-demandsapoti-pollution
systems assessing the degree of possiefevironmental impacts from the
alternative management system in combination withdemands and use of
anti-pollution systems for prevention or/and mirgation of these impacts.
The criterion is measured on a (1-10) scale whsdatefined below:

Environmental impacts to an insignificant extent 8
Environmental impacts to a limited extent 4
Environmental impacts to a great extent 1

(E2) Air emissionsair emissions vary in proportion the managementotet
and the specific technique which is followed. Rautar attention is given in
those which generate negative impacts to the emviemt and the public

health. The criterion is measured on a (1-10) sedieh is defined below:

Significant air emissions and odors (controlled) 3
Limited air emissions and odors (controlled) 6
Insignificant (minimum) air emissions and odorsr(icolled) 8

(E3) Generation of wastewaterManagement practices are diversified
according to this criterion. Furthermore, particuddtention is given to the
negative impacts to the environment and also thdighealth. The criterion
is measured on a (1-10) scale which is definedvinelo

Significant production of wastewater (controlled) 3
Limited production of wastewater (controlled) 6
Insignificant (minimum) production of wastewateoi(trolled) 9

(E4) Production of solid waste-residuegossible generation of solid waste
from the management techniques is examined. Therion is measured on a
(1-10) scale which is defined below:

Significant production of solid waste-residues (colhed) 1

Limited production of solid waste-residues (coriad) 5

Insignificant (minimum) production of solid wastesidues (controlled)9




(Es) Noise pollution is a factor which should be taken into accounthat t
design of management practices. Furthermore, npaiition which is
caused during the transport of the waste to theagement area should also
be taken into consideration. The criterion is meagwn a (1-10) scale which
Is defined below:

Minimum noise pollution

Limited noise pollution

9
7
Relatively high noise pollution 4
1

Extreme noise pollution

(Es) Visual nuisancedepends on the necessary mechanical equipment whic
is needed as well as from the requirements fortiadail infrastructure. The
criterion is measured on a (1-10) scale which fsdd below:

Low visual nuisance 9
Relatively low visual nuisance 7
Moderate visual nuisance 4
High visual nuisance 1

(F1) Total investment casis among the top factors as regards the viakolity
the management practise. This criterion acquiregiadal value if part of the

total investment cost is defrayed by the citiz&itee criterion is measured on
a (1-10) scale which is defined below:

Low total investment cost (covered by others) 10
Moderate total investment cost (covered by others) 6
High total investment cost (covered by others) 2

(F2) Operation and maintenance cosicludes expenses for the maintenance
of schemes, labor cost, auxiliary supplies, atgilitechnology, control and
surveillance of the scheme, waste transport ete.cFiterion is measured on a

(1-10) scale which is defined below:

Low operation-maintenance cost 9

Moderate operation-maintenance cost

Relatively high operation-maintenance cost 4




High operation-maintenance cost 1

(F3) Land requirement management practiseme diversified notably as
regards this criterion in proportion the requireckaais needed for the
installation of the mechanical equipment as well t#ee auxiliary

infrastructures. The criterion is measured on daQ)lscale which is defined

below:

High land cost

Relatively high land cost

Lack of land

Moderate land cost

Low land cost

©o| N P W

(F4) Production of useful secondary materiails a factor which should be
taken into account at the design of managementipeac Significant income
will be derived from the quantity as well as theaqgtity of the production of
secondary materials. Moreover, the absorption haditilization of these will
reduce at a great extent the need for the produdiovirgin materials. The

criterion is measured on a (1-10) scale which fsdd below:

Low production of useful secondary materials 1
Moderate production of useful secondary materials 4
Relatively high production of useful secondary mate

High production of useful secondary materials 10

(T1) Functionality. parameters such as the possibility of constaetaijmn,
requirements in expertise personnel, facility inimtenance, simplicity in
operation, endurance (durability) of mechanicaligapent both at time and at
wear etc. are examined in this criterion. The doteis measured on a (1-10)

scale which is defined below:

High functionality

Relatively high functionality

Moderate functionality

Low functionality




Very low functionality 1

(T2) Existing experience-reliabilityplays an important role especially when
the insertion of new technology is required. Theedon is measured on a (1-
10) scale which is defined below:

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

(T3) Adaptability in the local conditionghe effectiveness and the viability of
each scheme is depended swiftly from the geographand other
characteristics in issue area such as the availalalste quantities for
management and the minimum required capacity. Titerion is measured

on a (1-10) scale which is defined below:

High adaptability 10

Relatively high adaptability 7

Moderate adaptability

Low adaptability

Very low adaptability 1

(T4) Flexibility: the possibility of the alternative schemes to pmeential
variations in quantity and in composition of thesteais examined. The

criterion is measured on a (1-10) scale which fsdd below:

High flexibility 10

Relatively high flexibility

Moderate flexibility

Low flexibility

Pl ow| o] N

Very low flexibility

10



4 Criteria weights

The most important step in multi-criteria evaluatimethods is the assignment of
weights, since weights reflect the relative impoecea of the various impacts
considered. PROMETHEE does not provide specifidgluies for determining these
weights, but assumes that the decision-maker i® dbl weigh the criteria

appropriately, at least when the number of critesiaot too large. In this research,
firstly, weights are defined for each group of emih and secondarily weights are
defined for every criterion in the group. The finakights are arisen after the
multiplication of every criterion weight with theraup weight that it belongs. The
determination of the criteria weight coefficientaswbased on:

I. the experience of the working team of the NTUAefative applications.

il. The opinion/suggestions of all the Moroccan actowelved in the field
such as Ministries (Ministry of Regional PlanniWgater and Environment
of Morocco, Ministry of Higher Education, Executiv€raining and
Scientific Research, Ministry of Health-Delegatida la Province d’' El
Jadida, companies, the Association of self- empeywANNAMAE, the
National Association of Environment and of SusthladDevelopment, the
Regional Office of Agricultural Development of Ddwa and Local
Authorities).

Table 2 presents the weights of the criteria graine weights of every single

criterion in the group as well as the final weights

11



Table 2: Estimation of criteria final weights.

Criteria Group weights Criteria description Weight of every criterion Final weights
Social 15.00% Harmonization with the existing legislative framekv(s,) 30.00% 4.50%
Application of priorities of legislation b 30.00% 4.50%
Social acceptance {5 25.00% 3.75%
Possibilities of new job positionsgS 15.00% 2.25%
Subtotal 100.00% 15.00%
Environmental 30.00% Level of possible environmental impacts) (E 25.00% 7.50%
Air emissions (B 20.00% 6.00%
Production of wastewater ¢F 20.00% 6.00%
Production of solid waste (£ 20.00% 6.00%
Noise pollution (E) 10.00% 3.00%
Aesthetic harmful effect £ 5.00% 1.50%
Subtotal 100.00% 45.00%
Financial 30.00% Total investment cost (- 35.00% 10.50%
Operation and maintenance cosb)F 30.00% 9.00%
Landrequirement (k) 15.00% 4.50%
Production of secondary materials 20.00% 6.00%
Subtotal 100.00% 75.00%
Technical 25.00% Functionality (T) 25.00% 6.25%
Existing experience-reliability ¢J 30.00% 7.50%
Adaptability in the local conditions £ 25.00% 6.25%
Flexibility (Ty) 20.00% 5.00%
Subtotal 100.00% 100.00%
Total 100.00%

12




5 Schemes/ Scenarios Description
For the purposes of the project, the following &kgim alternative management

schemes/systems are examined.

1. Scenario/Scheme 1 (Landfill)
Scheme 1 regards the collection of waste and theposition to landfill. Under no
circumstances this scheme is suggested. It is asdmenchmark in order to evaluate
the performance of other alternative managemengérsel as well as because it is

used as management scheme in lot of countries.

2. Scenario/Scheme 2 (Collection in one bin of recyde materials)
Material Recovery Facility MRF (recovery of glass, paper- plastics, Fe and
non Fe metalsand in another the remaining waste Landfill)

In this scheme wastes, usually bagged, are plagedebants in two separate
containers: one for recyclable materials (papesglplastics and metals) and one for
the rest residual waste (consisting mainly of bgrddable organics). The recyclable
materials are transferred to a Material Recoversiliga (MRF) where recovery of
glass, ferrous and non-ferrous metals, paper astip$ is achieved while the residual

waste is conveyed to landfill. Scheme 2 is preskmé-igure 2.

13



| Source Separated Materials |

/\

Recyclable materials (Metals, Non-Recyclable materials
Plastics, Paper, Glass) (mainly biodegrable-organics)

v

Material Recovery Facility |

_.l Recovery of Paper |

—.l Recovery of Metals |

_.l Recovery of Glass |

—-l Recovery of Plastics |

A

Residues |

!

[ Landfil |

Figure 2: Schematically presentation of scheme 2.

3. Scenario/Scheme 3 (Collection in one bin of recydlee materials) MRF
(recovery of glass, paper- plastics, Fe and nomfétals)and in another bin
the biodegradable Composting and Residued.andfill)

The domestic waste is placed by tenants in tworagpaontainers: one for recyclable
materials (paper, glass, plastics and metals) an&dfor the rest waste (consisting
mainly of biodegradable organics), as in Schem@&l2 difference between Schemes
2 and 3 is that in Scheme 3 the biodegradable arg@sent for composting. During
the composting, the waste is turned to aid the atkgron process and it achieves
maximum temperatures. The off-gases from the cotmmpgrocess are piped to a
biofilter before being emitted to atmosphere. The-dtabilized output is passed
through a refining process to remove any residueglabs and other unwanted
impurities. These contaminants are sent to langfiile the undersized particles form

the ‘compost’ product.

14



Source Separated Materials

Recyclable materials (Metals, Non-Recyclable materials
Plastics, Paper, Glass) (mainly biodegrable-organics)
| Air & Water |
v y \ 4
Material Recovery Facility Composting

Recovery of Paper

Eﬁ gases |
Recovery of Metals L 2

| Biofilter |
Recovery of Glass Y

Compost Screening
» Recovery of Plastics |

Compost

A 4

Residues

|  Landiil |

Figure 3: Schematically presentation of scheme 3.

4. Scenario/Scheme 4 (Collection of mixed waste) Mechanical Sorting
(recovery of glass, paper- plastics, Fe and nomtetals)and the remaining
waste Landfill)

The first stage of Schemes 4 to 8 regards the méiasorting of mixed waste. For
this reason, it will be described analytically mst Scheme and it will be applied to all

these alternative management schemes.

The mechanical step includes the sorting and regaferecyclable materials as well
as the removal of contaminants and components wimgede the technological
process. The whole waste is fractionated into twomore fractions defined by
material qualities, which are then handled spealifyc

15



The incoming waste is visually inspected on a tiggdiloor to remove unwanted and
oversized items before it is shredded. It is thereened to remove oversized
materials from the process. In parallel, a fractbmlass is recovered. The oversized
fraction is further shredded. This shredded mdtergste is sent for air classification.
In air classification of shredded mixed MSW, thepgraand plastic materials tend to
be concentrated in the light fraction, while metatsl other materials are the principal
components of the heavy fraction. After the airasapon, the output is screened by
electromagnetic and eddy-current separators toezderrous and non-ferrous metals
respectively. The remained fraction as well asligitg fraction from air separation is

used as combustible materials.

The undersized fraction is moreover screened. Gosatly, a glass fraction is further
recovered. A second stage of air classificatioresaglace. Similarly, light fraction
(consists of paper and plastics) is also added h® ¢tombustible fraction.
Subsequently, the output is further screened bgtrelmagnetic and eddy-current
separators to recover ferrous and non-ferrous megapectively.

The last stage of this scheme regards the lamdfiliif the fine fraction (residues and

organics).

16



Waste Input

Mechanical Sorting

Manual removal of bulky items

A 4
Screening 1
(e.g. trommels)
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Figure 4: Schematically presentation of scheme 4.

5. Scenario/Scheme 5a (Collection of mixed waste) Mechanical Biological
Treatment): Mechanical sortingrecovery of glass, Fe and non Fe metals,
paper- plasticgo end user} Biological treatmentBiodegradable fraction

CompostingandResidues Landfill)

17



Mechanical Biological Treatment (MBT) technology ngarises mechanical and
biological process steps and their combinationse Thncept of Scheme 5a is
schematically presented in Figure 5. It can beiagphs a stand-alone system or
combined with other technologies, especially witkineration (Scheme 5b). MBT
becomes more and more an integral part of a mht#oi@ management system,
where all recyclable components of the mixed wasteseparated to such an extent,

which is economically suitable and environmentatyind.

In this scenario, the first phase concerns the Meidal Sorting of mixed waste. This
mechanical step is analytically described in thevigus scheme. The discrepancy of
this scenario from the previous one is that theatader fraction is further utilized.
More specifically, the fine fraction from the prespessing mechanical stage is
composted for a period of time. During the compugtihe waste is turned to aid the
degradation process and it achieves maximum ternysesa The off-gases from the
composting process are piped to a biofilter befuemg emitted to atmosphere. The
bio-stabilized output is passed through a refirontp remove glass, stones and other
unwanted oversized materials. These contaminamssant to landfill while the
undersized particles form the ‘compost’ productisTik stored (uncovered or partially
covered) before being used.

In this scenario, the combustible materials are¢ ®eend users.
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Figure 5: Schematically presentation of scheme 5a.
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6. Scenario/Scheme 5b (Collection of mixed waste) Mechanical Biological
Treatment): Mechanical Sortingrecovery of glass, Fe and non Fe metals,
paper- plastics (combustible materials Thermal treatmen), Biological
treatment Biodegradable fraction Composting andResidues Landfill)

This scenario resembles with the previous one (sehBa). More analytically, the
first stage (mechanical sorting) and the secondestéiological treatment via
composting) are the same. The main differenceasutilization of the combustible
materials for energy recovery through its therrmahtment. This conducted to the
differentiation of these two schemes (Schemes Babai) as they are evaluated with
dissimilar scores to the various criteria (sociahvironmental, financial and

technical).

7. Scenario/Scheme 6a (Collection of mixed waste Mechanical Biological
Treatment): Mechanical Sortindrecovery of glass, Fe and non Fe metals,
paper- plastics to end users)Biological treatmentBiodegradable fraction

Anaerobic Digestion and residuesandfill)
The first stage of this scenario, referring to itiechanical sorting of the mixed waste,
is the same as in Schemes 4, 5a and 5b. The difielis observed in the application

of the biological stage (anaerobic digestion).

In this Scheme, the finer materials are sent fath&r screening which separates the
residues and fine organics from the coarse orgahlos coarse organics are shredded
and sent directly to the digestion plant. The nesgdand fine organics are passed
through a hydrocyclone, which separates them. &hd & sent to landfill while the
fine organics are sent to the digestion plant.him digestion plant, the organics are
mixed with hot water before entering the digesidére produced biogas is sent to gas
engine while the digestate is dewatered before geint to landfill. The concept of
scheme 6a is schematically given in Figure 6.

In this scenario, the overall combustible fracti®isent to end users.
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8. Scenario/Scheme 6b (Collection of mixed waste) Mechanical Biological
Treatment): Mechanical Sortingrecovery of glass, Fe and non Fe metals,
paper- plastics (combustible materials Thermal treatment) Biological
treatment Biodegradable fraction Anaerobic Digestion and
Residues Landfill)

Schemes 6a and 6b are almost alike. More spetyfidhle first stage (mechanical
sorting) and the second stage (biological treatnvemtanaerobic digestion) are the
same. The difference is the utilization of the costlble materials that are recovered
for energy recovery via their thermal treatment.meantioned above, this conducted
to the differentiation of these two schemes (schémand 6b) as they are estimated
with other scores to the various criteria (sociahvironmental, financial and

technical).

9. Scenario/Scheme 7a (Collection of mixed waste Mechanical Biological
Treatment): Mechanical Sortingrecovery of glass, Fe and non Fe metals,
paper- plastics (combustible materials to end useg) Biological treatment
Biodegradable fraction Combination of Anaerobic Digestion and
Composting with Green waste and Residukandfill)

This Scheme differentiates from Scheme 6a to ttietifiat the biodegradable organics
are subjected to biological treatment (combinatwin anaerobic digestion and
composting) with green waste. This practice redualimore efficient treatment of the
waste as well as in reduced residues which areséspto landfill. Also, the time for
the development of the composting and maturatioegss is decreased significantly.
Moreover, the quality of the end product is higbniplete destruction of the pathogen

microorganisms). The concept of Scheme 7a is predem Figure 7.

In this scenario, the overall RDF fraction is sienénd users.
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10. Scenario/Scheme 7b (Collection of mixed waste) Mechanical Biological
Treatment): Mechanical Sortingrecovery of glass, Fe and non Fe metals,
paper- plastics (combustible materials Thermal treatment) Biological
treatment Biodegradable fraction Combination of Anaerobic Digestion
and Composting with Green waste and Residueandfill)

This scenario resembles with the previous one (8eh&a). The first stage
(mechanical sorting) and the second stage (biahbgtceatment via anaerobic
digestion and composting with green waste) areséime. The main difference is the
utilization of the recovered combustible materiédds energy recovery via the
application of thermal treatment. This conductedh® differentiation of these two
schemes (Schemes 7a and 7b) as they are evaludtedigsimilar scores to the

various criteria (social, environmental, finan@ald technical).

11.Scenario/Scheme 8a (Collection of mixed wasteBiodrying, Mechanical

sorting(recovery of Fe and non Fe metals), Solid RecovEred (SRF) to

end users
As a special scheme, the biological drying techgpl@-igure 8) has to be mentioned.
The main objective of the biological drying techogy is the production of a
combustible material called “dry-stabilate” (alssferred as Solid Recovered Fuel -
SRF). For this purpose, both windrow and box systane applied. In box systems,
the waste is treated aerobically for only one wdmeK,with high aeration rates. The
result is a dried material with a slightly redua@danic content. Only the most easily
degradable compounds are metabolised, so thab#iseof caloric value is low. The
dry-stabilate can be fractionated very easily, bheeaadhesive substances were
eliminated in the bio-process. Ferrous and noreteyrmetals, as well as glass and
minerals are separated for material recovery. Emeaming material has a calorific

value of 15-18 MJ/kg, mainly due to the high contdrplastics, wood, and paper.

In this scenario, the overall SRF fraction is gdergnd users.
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Figure 8: Schematically presentation of scheme 8a.

12.Scenario/Scheme 8b (Collection of mixed wasteBiodrying, Mechanical
sorting(recovery of Fe and non Fe metalSRF Thermal treatment)
The difference between Schemes 8a and 8b is thieirsecond one, the produced
SRF fraction is utilized for energy recovery thrbughermal treatment. This
conducted to the differentiation of these two ScherfScheme 8a and 8b) as they are
estimated with dissimilar scores to the variouseda (social, environmental,

financial and technical).

13.Scenario/Scheme 9 (Collection of mixed wasteMass Burn Incineration
with energy recovery
Scheme 9 includes the mass burn incineration otevasichis the simplest, the
oldest and commercially proven way of convertingstgato energy. By this
technology, only a minimum preprocessing such a&s rgmoval of large items,
hazardous waste and metals, is applied (mainly dmeventing jamming and
equipment damage). Therefore waste fuel consistscarhbustible and non-

combustible materials in varying proportions. Daghe variety of components in the
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waste fuel, a heating value of mass burning cager@etween 6,500 kJ/kg and 12,000
kJ/Kkg.

14.Scenario/Scheme 10 (Collection of mixed waste Mechanical Sorting

(recovery of Fe and non Fe metalsemaining (residual) waste

Incineration)
The first stage of Schemes 10-12 regards to a pyimeechanical sorting of the
mixed waste (sorting and recovery of ferrous and-feorous metals). More
analytically, the incoming waste is visually insfget on a tipping floor to remove
unwanted and oversized items (via manual sepajatieiore its shredding. Then, the
shredded waste is subjected to magnetic sepanatiere recovery of ferrous metals
Is achieved. Subsequently, the output is furthezested by eddy current separators to

recover non-ferrous metals.

The last stage of this scheme regards the theremthtent of the remained (residual)
fraction of waste via incineration. In this way,ntplete destruction of the organic
constituents to form harmless gases is achieveag mMain advantages of the
incineration process are: reduction of waste voluméo 90% and waste weight up to
75%, no methane gas generation and energy gemerdioreover, harmful items

including flammable, infectious and toxic items, igéh could cause contamination
when buried in the landfill, can be treated in theineration. On the other hand,
disadvantages of the waste incineration are: higbet than other waste treatment
technologies, low level of recovering of recyclablaterials, air emissions’ problems
and generation of secondary waste such as bottdmiyaash that require appropriate

management. The concept of Scheme 10 is schenhatioan in Figure 9.

26



Waste Input

A . .
Manual removal of bulky items Mechanical Sorting

— ———— SR

I
I
! Shredding :
I
I
, T |
I Magnetic »| Recovery of Ferrous metals | i
: separation :
I
| \ 4 I
I
: Eddy current »| Recovery of non-Ferrous !
: separation metals :
I
I

Remaining/residual
Waste

y

Incineration

Figure 9: Schematically presentation of scheme 10.

15.Scenario/Scheme 11 (Collection of mixed waste Mechanical Sorting
(recovery of Fe and non Fe metal®maining (residual) waste Pyrolysi9
In this scheme, the first phase concerns the pyimmchanical sorting of the mixed
waste. This mechanical step is analytically desctiin the previous scheme. The
difference of this scenario from the previous oné¢hiat the waste fraction remaining
after the primary mechanical sorting is subjectedat different type of thermal

treatment, pyrolysis.

Pyrolysis is the degassing of wastes in the absehorygen, during which pyrolysis

gas and a solid coke are formed. In general, timpéeature of the pyrolysis stage is
between 400 °C and 700 °C. The possibility of recmg the material value of the
organic fraction e.g. as methanol as well as thssipdity of increased electrical

generation using gas engines or gas turbines foergéon are some of the potential
advantages of pyrolysis. The concept of Schemes Behematically given in Figure
10.
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16.Scenario/Scheme 12 (Collection of mixed waste Mechanical Sorting
(recovery of Fe and non Fe metalemaining (residual) waste
Gasification)
In this scheme, the first stage regards the prinmaeghanical sorting of the mixed
waste. This comprises the application of the pread=scribed in Scheme 10. The
difference of this Scheme from the Schemes 10 ahdslthe utilization of the

remaining waste after primary mechanical sortih@rinal treatment via gasification).

Gasification is a thermochemical process that geasra gaseous, fuel rich product
reacted with steam or combusted with air or pungger. Gasification with air results
in a nitrogen-rich, low quality fuel gas. Gasifiet with pure oxygen results in a
higher quality mixture of carbon monoxide and hypnoe and virtually no nitrogen.
Gasification with steam is more commonly calledfdrening” and results in a
hydrogen and carbon dioxide rich “synthetic’ gagn{ms). Figure 11 presents

schematically Scheme 12.
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17. Scenario/Scheme 13 (Autoclave/ Mechanical Procasg)
Scheme 13 refers to a relatively new technologyis Trocess is significantly
different from the others that are described alanekit involves several steps.

More specifically, after minimal pre-processinge tvastes are shredded and ferrous
metals are removed by magnets. The pre-processiogldwinvolve removing
materials that are too bulky or otherwise unsuédbl the shredder. These partially
processed wastes are then fed to an autoclavdl tanki pathogens. The autoclave
subjects the wastes to high temperature under gnggsure for a sufficient length of

time to kill all the bacteria and pathogens thagimhibe in the waste.

Non-ferrous metals are then removed after the wasi@ve the autoclave and the
waste stream passes through a grinder to producendnproduct (called “fluff”)
which, as the name implies, is a light, dry downgtenial. The fluff is relatively
homogeneous and has a high organics content, ghhib@lso contains all the glass
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and plastics (and other non-organic materials aotoved by the ferrous and non-
ferrous metal separators) that were in the origimaste streaniThese materials are

apparently ground so fine that they are not visd#yectable in the end product. Fluff
can be successfully used to improve the fertilitparren soils, and is experimenting
with its use as a raw material for extruded contpasinber. The concept of Scheme

13 is schematically given in Figure 12.
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Figure 12: Schematically presentation of Scheme 13.

18. Scenario/Scheme 14 (Ethanol Fermentation)
Scheme 14 regards ethanol fermentation. Ethanoleietation is a biological process
in which organic material is converted by microangans to simpler organic

compounds of a low molecular weight.

The first stage of the process regards to the nrméchlasorting (to remove recyclables

and contaminants) of the mixed waste. More analliic the incoming waste is
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visually inspected on a tipping floor to remove @amied and oversized items (via
manual separation) before shredding. The shredaddrial waste is subjected to air
classification. In air classification of shreddedxed MSW, paper and plastic
materials are concentrated in the light fractiohjlevmetals and other materials are
the principal components of the heavy fraction.eAthe air separation, the output is
screened by electromagnetic and eddy-current depsit@ recover ferrous and non-

ferrous metals respectively. The output is fursteredded in order to reduce its side.

Then, the material is processed through vessehg wsirious systems for the purpose
of hydrolysis (breaking down of organics to simptempounds). Depending on the
technology, this may achieved through high tempeeatonditions, acid treatment
and/or high pressure. Then, the hydrolysed orgaamessubjected to fermentation by
yeast to produce ethanol and carbon dioxide. Thanet is then purified through

distillation and/or filtration to produce the desirfuel-grade quality ethanol. The
produced solid materials can be sent to landfillican be thermally treated. The
concept of scheme 14 is schematically providedgure 13.
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6 Performance of alternative management schemes

In this section the performance of alternative nganaent schemes is presented. This
performance is an extremely difficult and strenutask as a wrong estimation will
result in false results as well as in disorientatifstom the best compromise
management option. Each criterion was quantifiezbating to its performance for
each alternative scenario and in specific, itsagberformance was compared to the
criterion’s calibration set, scale form 1 (the mastfavorable) to 10 (the most
favorable cases). The quantification of the crtewas finalized by the working
groups of the beneficiary and the partner, aftecuisions which had the beneficiary
with the Moroccan actors involved in the field (th&me actors that had contribution

in the weighing of criteria).

6.1 Performance of alternative management schemas $ocial Criteria

Harmonization with the existing legislative framekw(5,)

Schemes 2 and 9 are partially harmonized with xingtirg legislative framework. For
this reason, these schemes are evaluated with Scérerthermore, schemes 8a, 13
and 14 approaches the above (2, and 9), but dlisved that they are ‘slightly better’
harmonized with the existing legislative framewdnkn those and that is the reason
why they are scored with 6. Moreover, scheme 4eiss Iharmonized than the
aforementioned schemes and as a result it is @stimaith score 4. On the other
hand, scheme 3 approaches complete harmonizatitn the existing legislative
framework. Consequently, is estimated with scoré&@thermore, schemes 5b, 6b,
7b, 10, 11 and 12 are appraised with score 8 bedhey abstain much longer from
the complete harmonization than scheme 3. Scheme&a5 7a and 8b are evaluated
with score 7 because they abstain much longer thencomplete harmonization than
5b, 6b, 7b, 10, 11, 12 and certainly scheme 3. llginacenario 1 provides no
harmonization and as a result is estimated withreséh Table 3 presents the
performance of alternative management schemeseircikerion which regards the

harmonization with the existing legislative frametuo
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Table 3 Performances of alternative management schemeseincriterion that

regards the harmonization with the existing legigéaframework.

Alternative Management Social Criteria
Schemes Harmonization with the existing legislative
framework (9
Scheme 1 .
Scheme 2 .
Scheme 3 5
Scheme 4 .
Scheme 5a .
Scheme 5b .
Scheme 6a =
Scheme 6b .
Scheme 7a -
Scheme 7b .
Scheme 8a .
Scheme 8b -
Scheme 9 -
Scheme 10 .
Scheme 11 .
Scheme 12 .
Scheme 13 .
Scheme 14 .

Application of priorities of leqgislation 6p

In accordance with the provisions of the principtésthe European environmental
policy on waste, priority must be given to the agdion of the three R management
practices (Recovery, Reuse, Recycling). Schemewd37h provide almost complete
application of legislation and for this reason tleg estimated with score 9 while
schemes 5b, 6b, 7a and 8b approach complete appiicand as a result they are
evaluated with score 8. Schemes 5a, 6a, 8a andteldppraised with score 7 because
they abstain much longer from the complete appboathan the aforementioned

schemes. As mentioned above, priority is givenhe tecovery of materials for
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recycling or/and reuse and in second phase the&aiidn of waste for energy

production. Consequently, schemes 10, 11, 12 arappdoximate partial application

and as result are appraised with score 6 whilerseee2 and 9 are evaluated with
score 5.

Moreover, the performance of scheme 4 is betwedrapapplication and application

in low level (because recyclable materials candmmvered but on the other hand a
significant portion of waste ends to landfill) aasl a result is estimated with score 4.
Lastly, scheme 1 is entirely opposite with the glies. Hence, the performance of
scheme 1 is set to 1. Table 4 presents the perfmenaf alternative management

schemes in the criterion which regards the appdinadf priorities of legislation.

Table 4 Performances of alternative management schemeseincriterion that

regards the application of priorities of legislatio

Alternative Management Social Criteria

Schemes Application of priorities of legislation ¢p

Scheme 1 1

Scheme 2

Scheme 3

Scheme 4

Scheme 5a

Scheme 5b

Scheme 6a

Scheme 6b

Scheme 7a

Scheme 7b

Scheme 8a

Scheme 8b

Scheme 9

Scheme 10

Scheme 11

Scheme 12

Scheme 13

| N O O O U1l 00| N| ©| 0O O N| 00| N| &~ ©| O

Scheme 14
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Social acceptance {5

Social acceptance depends on many factors sudfeasitrent management practice
of waste, the sensitivity as well as the compreioentevel of the problems that
pertain to waste, the education system, the fimhmtfference among the candidate
management practices, the environmental impacts @scally, the problem of
acceptance is observed in occasions where new dieghes are to be applied.
Schemes 13 and 14 receive no social acceptancadaeotlack of informing. Hence
they are evaluated with score 3 and 2 respectiv@tythe other hand, schemes that
regard the landfill of significant portion of was{scheme 4) and the mass burn
incineration (scheme 9) receive performance betwsstial social acceptance and
social acceptance because of a lack of informirgyaAesult they are evaluated with
score 4.

The significant financial difference of scheme Thoag the other schemes as well as
the lack of informing has led to the ‘poor’ perfante of this scheme with score 5.
Scheme 2 is also estimated with score 5 becawos$keis partial social acceptance.

Financial as well as lack of informing are the mresthat schemes 6b, 7a and 8b are
estimated with relatively ‘poor’ performance (sc@ein this criterion. Furthermore,
citizens are familiar enough to the utilizationtleé remainder fraction of mixed waste
(after the recovery of ferrous and non-ferrous tegia an incineration plant but they

are not accordant to that. Consequently, schenme dl6o estimated with score 6.

On the other hand schemes 6a (recovery of glassnér@on Fe metals, paper-plastics
to end users, Biodegradable fraction Anaerobic Digestion and
residues Landfill), 8a (Biodrying, recovery of Fe and non fetals and SRF to
end users), 11 (recovery of ferrous and non ferroatals and thermal treatment of
the remained fraction via pyrolysis) and 12 (recgvef ferrous and non ferrous
metals and thermal treatment of the remained fractia gasification) seem more
favorable than the previous ones. For this reabeset schemes are evaluated with

score 7.

Schemes 5b and 5a approach complete social accepad as a result are estimated

with score 8 and 9 respectively. Scheme 3 enjogtivilege of social acceptance.
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Consequently, its performance is set to 10. Finalheme 1 receives no social
acceptance after informing and for this reasonvaluated with score 1. Table 5
presents the performance of alternative managesam@mes in the criterion which
regards the social acceptance.

Table 5 Performances of alternative management schemeseincriterion that

regards social acceptance.

Alternative Management Social Criteria
Schemes Social acceptance {5
Scheme 1 1
Scheme 2 5
Scheme 3 10
Scheme 4 4
Scheme 5a 9
Scheme 5b 8
Scheme 6a 7
Scheme 6b 6
Scheme 7a 6
Scheme 7b 5
Scheme 8a 7
Scheme 8b 6
Scheme 9 4
Scheme 10 6
Scheme 11 7
Scheme 12 7
Scheme 13 3
Scheme 14 2

Possibilities of new job positions§S
The possibility for labor’s absorption is tested¢@cling to the demands which will

arise from the application of the proposed managerseheme. For example, the
personnel that is required for the fulfillment @hemes 5a, 6a, 8b, 10, 11 and 12 is
significantly higher than the personnel requiredtfe fulfillment of scheme 2. As a
result, schemes 5a, 6a, 8b, 10, 11 and 12 areatedlwith score 8 while scheme 2
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with score 4. Schemes 5b, 6b and 7a obviously requore personnel than schemes
5a, 6a, 8b, 10, 11 and 12. Consequently, the pedioce of schemes 5b, 6b and 7a to
this criterion is estimated with score 9. The dmatof new job positions for the

operation of scheme 7b will be to a great extemt fam this reason this scheme is

estimated with score 10.

Schemes 3 and 8a require more personnel than sehednéd3 and 14. Consequently,
the performance of schemes 3 and 8a to this arteis estimated with score 7

whereas the performance of schemes 4, 9, 13 arsdel4luated with score 6.

Lastly, scheme 1 approaches no creation of nevpgaitions. Hence it is scored with
2. Table 6 presents the performance of alternathnamagement schemes in the

criterion which regards the possibilities of neWw aositions.

Table 6 Performances of alternative management schemeseincriterion that
regards the possibilities of new job positions.

Alternative Management Social Criteria
Schemes Possibilities of new job positionsg§S

Scheme 1 2

Scheme 2

Scheme 3

Scheme 4

Scheme 5a

Scheme 5b

Scheme 6a

Scheme 6b

O ©| 0| ©| O oo N| &

Scheme 7a

Scheme 7b

[EEN
o

Scheme 8a

Scheme 8b

Scheme 9

Scheme 10

| | O 00| N

Scheme 11
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Scheme 12

Scheme 13

Scheme 14

Table 7 summarizes the performances of alternativelidate management schemes

as regards social criteria.
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Table 7: Performances of alternative candidate managesofigmes in social criteria.

: Social Criteria
Alternative Management

Schemes Harmonization with the existing Application of priorities of| Social acceptance | Possibilities of new job
legislative framework ¢$ legislation (%) (S) positions (9

Scheme 1 1 1 2

=

ol

Scheme 2

[EY
o

Scheme 3

Scheme 4

Scheme 5a

Scheme 5b

Scheme 6a

Scheme 6b

©| ©| 0| ©| | O | &

Scheme 7a

[ERN
o

Scheme 7b

Scheme 8a

Scheme 8b

Scheme 9

Scheme 10

Scheme 11

Scheme 12

Scheme 13

O O 0O OO O UI| N| O O] N| 00| N| 00| N| | ©| O
O N O O O U1| 00| N| ©| O 00| N| 00| N | © O1
Nl W N N[O A O N| U] OO O N| 0] © >

| O O O 0| O O N

Scheme 14
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6.2 Performance of alternative management schemaskEnvironmental Criteria

Level of possible environmental impacts) (E

The scheme 1 provokes significant environmentakictgy Consequently, scheme 1 is
evaluated with score 2. On the other hand schemdsad 9 cause environmental
impacts to a limited extent. As a result they a@ared with 4. Moreover, schemes 5b,
6b and 8b approach the above (2, 4, 9), but theyshghtly better’ (which means that

they cause ‘lower’ environmental impacts) than ¢éaasd that is the reason why they
are scored with 5. Schemes 7b, 10 and 14 havetes®nmental effects, so they are
scored with 6. Furthermore, schemes 3, 5a, 6al84d,2 and 13 compared to others,
approach to the scheme that has insignificant enmental impacts. Thus, they
receive score 7. finally, the scheme which has renmental impacts to an

insignificant extent, is 7a and for that reasoris iscored with 8. Table 8 presents the
performance of alternative management schemeseircititerion which regards the

level of possible environmental impacts.

Table 8 Performances of alternative management schemeseincriterion that

regards the level of possible environmental impacts

_ Environmental Criteria
Alternative Management

Level of possible environmental
Schemes
Impacts (k)

Scheme 1

N

Scheme 2

Scheme 3

Scheme 4

Scheme 5a

Scheme 5b

Scheme 6a

Scheme 6b

Scheme 7a

Scheme 7b

Scheme 8a

Scheme 8b

Ao |IN|O|O O N|O N[N P>

Scheme 9
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Scheme 10 6
Scheme 11 7
Scheme 12 7
Scheme 13 7
Scheme 14 6

Air emissions (B

In this criterion the possibly impact of the pragzes air is examined. Emissions to air
from thermal waste treatment plants are regulatedccordance with the European
Waste Incineration Directive (EU-WID). This mearfsatt the processes are not
permitted to release more than the regulated amooinemissions to atmosphere.
Moreover, all technologies that treat waste wilbguce Green House Gases (GHG)
either via the waste treatment itself or as a tefuhe management of the raw waste
and/or process residues. The greenhouse gasesectldé@m a process can be
determined from the actual quantities of emissibrtarbon dioxide (C¢), nitrous
oxide (NO) and methane (CH

To determine the net GHG burden as a result abim a particular technology, one
would have to consider, on the one hand, the GHéases associated with the waste
treatment process itself, any fossil fuel usedha process, as well as the GHG
emissions that are associated with waste preparatid residue management. On the
other hand, one would have to assess the GHG saasgpciated with the recycling
of recovered materials such as paper, glass, matdisompost (which avoids the use
of processes to produce the virgin material thauldogenerate GHG) and the
recovery of energy from the waste (which avoidsildsel use). Generally, MBT and
BMT technologies (schemes 5a, 5b, 6a, 6b, 7a, @ar® 8b) recover various
recyclables materials from the waste. The levelenlycling associated with these
types of processes is typically higher than thaoeiated with the thermal waste
treatment technologies. Therefore, the avoidanc&kG emissions associated with
the production of virgin materials is usually highéor these technologies. For this
reason, these schemes are evaluated with highexss€an the other hand, odors that

produced from this processes are significant.
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Comparing thermal treatment technologies, it carsié that incinerators are not
usually geared to further recover recyclables, othan metals recovered from the
bottom ash. On the other hand pyrolysis and gasifin systems are configured to
utilize the syngas in gas engines. As a resuly greduce more energy per tonne of
waste than incineration. This configuration alssuits in lower CQ@ generation. For
this reason, schemes 11 and 12 are estimated igiterhscores than schemes 9 and
10. More specifically, scheme 11 is estimated witbre 7, scheme 12 with score 6
while schemes 9 and 10 are estimated with 4 amsfectively. Scheme 18€overy

of Fe and non Fe metals, remaining wasteGasification) has higher demands in
fuel (as a result of higher temperatures) thanrseh&l (ecovery of Fe and non Fe

metals, remaining waste Pyrolysis)and that is the reason for their different scores.

As mentioned above, MBT and BMT technologies predunsignificant air emissions
compared with thermal treatments. As a result, mese5b, 6b, 7b and 8b which
comprise and thermal treatment of the produced Ri2Fevaluated with lower scores
than schemes 5a, 6a, 7a and 8a which regard pesdisto end users. As a result,
schemes 5b, 6b, 7b and 8b are evaluated with séprés4 and 5 respectively. To
continue with, schemes 5a, 6a, 7a and 8a are estnveth scores 7, 8, 6 and 7
respectively. Schemes 3 and 14 provoke limitedeamssions and odors to the
environment, so they are estimated with score a.ebler, scheme 4 approaches the
above schemes (3 and 14) that cause limited aisstoms and odors and thus is
scored with 5. On the other hand, schemes 1 and 2valuated with scores 3 and 4
respectively because they cause significant aisgions (production of CHl and
odors, which generate negative impacts to the enment and the public health.
Table 9 presents the performance of alternativeagement schemes in the criterion

which regards air emissions.

Table 9 Performances of alternative management schemeeincriterion that

regards air emissions.

Alternative Management Environmental Criteria
Schemes Air emissions (B
Scheme 1 3
Scheme 2 4
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Scheme 3

Scheme 4

Scheme 5a

Scheme 5b

Scheme 6a

Scheme 6b

Scheme 7a

Scheme 7b

Scheme 8a

Scheme 8b

Scheme 9

Scheme 10

Scheme 11

Scheme 12

Scheme 13

O oo |N|O MO NP OOO|O|OT|N|O1]| O

Scheme 14

Production of humid waste {E

At this point production of humid waste is to beaexned. Liquid effluents can only
be discharged to sewer or groundwater if an apm@tpconsent is granted, which
introduces regulatory issues and additional cdstatment may be necessary prior to
discharge. The biggest concerns relate to leaabirtgxic compounds into the soil
and into the groundwater. Take-up by vegetablem fthe soil and ingestion of
pollutants by grazing animals which find their wato meat and milk is a potentially

important way that we can be exposed to toxic etgsguch as lead and cadmium.

An advantage shared by most new incineration tdolgres and some pyrolysis &
gasification processes is that they do not genenayeliquid effluent, either because
no water is used or because it is recycled withengrocess. For this reason schemes
9 (regards mass burn incineration), 10 (recoverlfeofind non Fe metals, remaining
waste Incineration), 11 (recovery of Fe and non Fe nsetedmaining waste
Pyrolysis) and 12 (recovery of Fe and non Fe metedsnaining waste

Gasification) are estimated with 7, 8, 8 and reSpely. Furthermore, schemes 7a and
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13 approach the aforementioned schemes that casigaificant production of humid

waste. As a result, they are also marked with 8.

On the other hand, MBT processes that have a ntimmrarea for preparing humus
will also have a liquid run-off that will need teebmanaged. Closer to the limited
production of humid waste stand schemes 3, 5a,ndb8a thus they are estimated
with score 7. It is also shown that schemes 5b,8Baand 14 provoke limited
production of humid waste and so does scheme 6lxhwhipproaches them.
Consequently, schemes 5b, 6a, 8b and 14 are sefttef, while scheme 6b is scored
with 5. On the other hand, schemes 1, 2 and 4valeaed with score 4, because they
approach to schemes that would provoke signifipgatiuction of humid waste and
have negative impacts to the environment and puigaith. Table 10 presents the
performance of the alternative management schewmseming the criterion of the

production of wastewater.

Table 10 Performances of alternative management schemehkeircriterion that

regards the production of wastewater.

Alternative Management Environmental Criteria

Schemes Production of wastewatd€Ez)

Scheme 1

Scheme 2

Scheme 3

Scheme 4

Scheme 5a

Scheme 5b

Scheme 6a

Scheme 6b

Scheme 7a

Scheme 7b

Scheme 8a

Scheme 8b

Scheme 9

olN|lo|N|N|lo|lu|lo|lo|N|M|NA~D

Scheme 10
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Scheme 11

Scheme 12

Scheme 13

| 00| 00|

Scheme 14

Production of solid waste ¢l

In this criterion the possible generation of soldiste from the management
techniques is examined. In general, all the themzate treatment processes produce
solid residues. Pyrolysis and gasification techg@® can produce various solid
residues or products depending on the specificigorgtion of the implemented
process, but these are more likely to be suitaiieduse, than the residues from the
incineration process, which then avoids the enwitental impacts of residue
disposal. This approach can also help to augmem¢riaks recovery. As a result,
Schemes 9 and 10 are estimated with lower scosss Sithemes 11 and 12. More
specifically, schemes 9 and 10 are evaluated vatines4 and 6, respectively, while

Schemes 11 and 12 are estimated with score 7 aed&ctively.

MBT and BMT processes produce combustible matanal a low quantity of solid
residues. The residues are inert materials rejentdte mechanical sorting and in the
separation stage of the process. These materialssarally landfilled. Schemes 5b,
6b, 7b and 8b will produce higher fraction of sohesidues (from the thermal
treatment of the combustible materials) than 5a, @aand 8a will. As a result,
Schemes 5a, 6a, 7a and 8a are rated with scoré gl 7, respectively while 5b, 6b,
7b and 8b are graded with score 6, 5, 7 and 6ectisply. Schemes 13 and 14 are
expected to produce medium quantities of solid eastresidue and therefore are
scored with 7. Scheme 3 is estimated to lead toptleeluction of insignificant
guantities of solid waste-residue and consequeistirgted with score 9. On the other
hand, Scheme 1 is expected to produce a signif@ardunt of solid waste-residue
and as a result it is scored with 1. Finally, Sceen2 and 4 presents the same
characteristics concerning the production of selaste and therefore, they are scored
with 4 and 3, respectively. Table 11 presents thdopmance of the alternative
management schemes for the criterion regarding ptiogluction of solid waste-

residue.
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Table 11 Performances of alternative management schemeheircriterion that

regards production of solid waste-residue.

Alternative Management Environmental Criteria

Schemes Production of solid waste-residue4jE

Scheme 1

Scheme 2

Scheme 3

Scheme 4

Scheme 5a

Scheme 5b

Scheme 6a

Scheme 6b

Scheme 7a

Scheme 7b

Scheme 8a

Scheme 8b

Scheme 9

Scheme 10

Scheme 11

Scheme 12

Scheme 13

N N N|OO|MMO|N|INOjOW|O|OO|N|W|O| P>~ |

Scheme 14

Noise pollution (E)

Noise pollution is a significant factor that shoud@ examined at the design of
management practices. There is potential for naesanom any process for the
treatment of the municipal solid waste (MSW). Alligh nuisance can be a problem
for technologies treating MSW, these can be man#yedigh a combination of good
housekeeping and selection of process systemshtnat incorporated adequate
counter measures. All of the processes under ceradidn will have some noisy
equipment. Especially, technologies that incorpoeasignificant mechanical element

are usually most intrusive in terms of noise padlut Such systems require more
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onsite vehicular movements to recover materialsstorage or to load recyclable
materials for transport offsite, higher vehiculabvaments to and from the plant and

the operation of some mechanical processing outs&lprocess buildings.

It is considered that scheme 1 approaches to th@min noise pollution and it is
evaluated with score 8. Furthermore, schemes 3, 3a, 6a, 8a, 9, 13 and 14 are
thought to provoke limited noise pollution and theme scored with 7. To continue
with, schemes 7a, 10, 11 and 12 approach the agmtemned schemes and thus they
are estimated with score 6. On the other hand,nseh#b is considered to cause a
relatively high noise pollution as well as scherbbs 6b and 8b which are closer to
scheme 7b. As a result they are estimated witheséaand 5 respectively. Table 12
presents the performance of alternative managesam@mes in the criterion which

regards noise pollution.

Table 12 Performances of alternative management schentée icriterion regarding

noise pollution

Alternative Management Environmental Criteria

Schemes Noise pollution (k)

Scheme 1

(oe]

Scheme 2

Scheme 3

Scheme 4

Scheme 5a

Scheme 5b

Scheme 6a

Scheme 6b

Scheme 7a

Scheme 7b

Scheme 8a

Scheme 8b

Scheme 9

Scheme 10

olo|/N|la|N|ldMola|lN|loa|N|N|[N|N

Scheme 11
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Scheme 12 6

Scheme 13 7

Scheme 14 7

Aesthetic harmful effect {F

Aesthetic harmful effect depends on the necessashanical equipment which is
needed as well as from the requirements for additiomfrastructure. No scheme can
provide a pure and pleasant aesthetic conditionteCaiten, the visual impact of a
facility is linked to the type of technology chos&nce this will directly influence the
plant height, footprint and the height of the staefjuired. For example, the height of
the stack on thermal waste treatment plants isrmi@ted by the amounts and
composition of the emitted flue gases — which véigm process to process.
Subsequently, large scale incinerators (e.g. movgrgte and fluidised bed
technologies) process data is very well documentetithe stack heights associated
with these two types of technologies are well dithed. The stacks are tall in both of
these systems because of the large amounts ofseaca®quired for the combustion
process and hence the large volumes of flue gddeslised bed incinerators are
better than moving grate incinerators in this respbecause the technology
necessitates stricter control of the quantity oidilsation air used.

On the other hand, because of the various contigms of the pyrolysis and
gasification technologies that are promoted, thgtte of the emissions stack can be
vastly different. When pyrolysis/gasification isugbed to an external combustion
chamber, the height of the stack can be nearlglhad an incinerator of similar size.
When the pyrolysis and gasification processes awgled to gas engines or gas
turbines there is no stack: the flue gases areedetitrough a short exhaust pipe.
Because of the various designs that are alreadyioned, schemes 1tecovery of
Fe and non Fe metals, remaining wastePyrolysis)and 12 ecovery of Fe and non
Fe metals, remaining waste Gasification)are estimated with higher scores than
schemes 9 (Mass burn incineration) and décdqvery of Fe and non Fe metals,
remaining waste Incineration) More specifically, scheme 9, 10, 11 and 12 are

estimated with 2, 4, 5 and 5 respectively.
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In an MBT plant that utilises anaerobic digestitre biogas produced is utilised in
gas engines, thus relatively small exhaust pipesbeaused. A safety feature that is
generally required on AD plants is a flare. Thisaquired to burn any vented biogas
in case of shutdown of engines or during plantstar Thus flaring units are likely to
be visible above the profile of the plant buildiragsd are likely to increase the visual
impact of this type of MBT plant. For MBT utilising composting technology only a
small exhaust pipe is required to remove ,GDd water vapour generated in the
digestion process.

As a result schemes 6a, 6b, 7a, and 7b are estimatie lower scores according to
the schemes 5a and 5b. More analytically schemg8lgara, and 7b are estimated
with 6, 4, 5 and 3 respectively while 5a and 5bhwitand 5 respectively. From the
aforementioned scores it should be noted that ®@an@ 7a are estimated with higher
scores than 5b, 6b and 7b. This is due to the tfaadt thermal treatment of the
recovered combustible material has a negative impache aesthetic nuisance.
Schemes 8a and 13 present low aesthetic nuisadicthey are estimated with score
6. On the other hand, Scheme 2 approaches theparice of Schemes 4, 8b and 14
which cause a moderate aesthetic nuisance andqueTdly, Scheme 2 is evaluated
with score 5, while schemes 4, 8b and 14 are natddscore 4. Scheme 3 presents
very low aesthetic nuisance and it is scored witiBally, Scheme 1 presents very
high aesthetic nuisance and therefore it is scaveéd 1. Table 13 presents the
performance of all the alternative management selefor the criterion regarding to

the aesthetic nuisance effect.

Table 13 Performances of alternative management schentée icriterion regarding

the aesthetic harmful effect

Alternative Management Environmental Criteria
Schemes Aesthetic harmful effect {E
Scheme 1 1
Scheme 2 5
Scheme 3 8
Scheme 4 4
Scheme 5a 7
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Scheme 5b

Scheme 6a

Scheme 6b

Scheme 7a

Scheme 7b

Scheme 8a

Scheme 8b

Scheme 9

Scheme 10

Scheme 11

Scheme 12

Scheme 13

Ao | AN O|IW O |M~]O| O

Scheme 14

Table 14 summarizes the performances of alternanwelidate management schemes

as regards environmental criteria.
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Table 14: Performances of alternative candidate managesudi@mes in environmental criteria.

. Environmental Criteria
Alternative : :
Management Levell of possible Air emissions Production of Production of solid| Noise pollution| Aesthetic harmful
Schemes gnvwonmental (E) wastewater waste waste-residue (& (Eo) effect (B)
impacts (&) (Bs)
Scheme 1 2 3 4 1 8 1
Scheme 2 4 4 4 4 7 5
Scheme 3 7 6 7 9 7 8
Scheme 4 4 5 4 3 7 4
Scheme 5a 7 7 7 7 7 7
Scheme 5b 5 5 6 6 5 5
Scheme 6a 7 8 6 6 7 6
Scheme 6b 5 6 5 5 5 4
Scheme 7a 8 6 8 8 6 5
Scheme 7b 6 4 7 7 4 3
Scheme 8a 7 7 7 7 7 6
Scheme 8b 5 5 6 6 5 4
Scheme 9 4 4 7 4 7 2
Scheme 10 6 5 8 6 6 4
Scheme 11 7 7 8 7 6 5
Scheme 12 7 6 8 8 6 5
Scheme 13 7 8 8 7 7 6
Scheme 14 6 6 6 7 7 4
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6.3 Performance of alternative management schemaskinancial Criteria

Total investment cofE;)

Total investment cost is among the top factors egands the viability of the
management practise. An economic comparison isyalvaa essential part of any
Technology Options Review. But it must be cautiotleat comparing the costs of
technologies between countries is often misleadsiigce many local issues

significantly affect costs.

To begin with most of the incineration technologaes proven and well established.
This means that there is less uncertainty associati¢h the capital costs for
incinerators compared with less proven systems @glsome of those utilising
pyrolysis and gasification. However, the experiesbews that these technologies
follow the same trend. Taking into account the seagy additional equipment for the
mechanical sorting Scheme I@dovery of Fe and non Fe metals, remaining waste
Incineration) Scheme 11récovery of Fe and non Fe metals), remaining waste
Pyrolysis)and Scheme 12Z€covery of Fe and non Fe metals), remaining waste
Gasification)requires high investment cost. Consequently tmeyseored with 4. On

the other hand, Scheme 9 is rated with score 7.

Scheme 1 as well as Schemes 2 and 4 have a rgldtiwetotal investment cost. As a
result Scheme 1 is scored with 9 and Schemes 2 avith score 8. Schemes 3 and 13
requires moderate total investment cost, thus #éneyated with score 7. Furthermore,
Schemes 5a and 14 are closer to the Schemes 33a(rdotlerate total investment
cost) and they are scored with 6. Finally, ScheG@&8a and schemes 5b, &quire
high total investment cost and consequently theg ascored with 5 and 4,
respectively. Finally, total investment cost of 8cies 6b, 8b and 7b is significantly
higher than the aforementioned Schemes. Hence, @heyscored with 3, 3 and 2,
respectively. Table 15 presents the performancdhef alternative management

schemes for the criterion regarding total investinoesst.
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Table 15 Performances of alternative management schemesthi® criterion

regarding total investment cost

Alternative Management Financial Criteria

Schemes Total investment cost ()

Scheme 1

Scheme 2

Scheme 3

Scheme 4

Scheme 5a

Scheme 5b

Scheme 6a

Scheme 6b

Scheme 7a

Scheme 7b

Scheme 8a

Scheme 8b

Scheme 9

Scheme 10

Scheme 11

Scheme 12

Scheme 13

O | N~ |l OO OS] OO | N|0|©

Scheme 14

Operation and maintenance cosbt)F

Operation and maintenance cost includes the expethsg are necessary for the
efficient operation as well as for the maintenaatéhe equipment of the treatment
installations. Scheme 1 is estimated to require éperation-maintenance cost and
thus it is rated with score 9. Schemes 2, 3 angré8ent low to moderate demands
on operation-maintenance cost and as a result,aregcored with 8. On the other
hand, Schemes 5a, 10, 11, 12 and 14 are consitiefeave a moderate operation-
maintenance cost, so they are scored with 7. Me@rd&@chemes 4, 5b, 6a, 8a and 9
have similar performance with the previous onesd@nate operation-maintenance

cost) and thus, they are scored with 6. Schemes&b8b as well as scheme 7b
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present relatively high operation-maintenance @st hence, they are rated with
score 5, 5, 5 and 4, respectively. Table 16 presiet performance of the alternative
management schemes for the criterion which regdmelsperation and maintenance
cost.

Table 16 Performances of alternative management schemesthi® criterion

regarding operation and maintenance cost

Alternative Management Financial Criteria

Schemes Operation and maintenance costfF

Scheme 1

Scheme 2

Scheme 3

Scheme 4

Scheme 5a

Scheme 5b

Scheme 6a

Scheme 6b

Scheme 7a

Scheme 7b

Scheme 8a

Scheme 8b

Scheme 9

Scheme 10

Scheme 11

Scheme 12

Scheme 13

N o N[N [N ojog|olAjfOlj OO | N[O |0 | 00| ©

Scheme 14

Landrequirement (k)

In this criterion land requirement for the instttda of the equipment as well as the
auxiliary infrastructures are examined. The sizehef buildings to house the waste
treatment facility is usually determined by thedypf technology chosen as well as
the capacity of the plant. Factors such as themelof onsite storage of input waste
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and products or residues; the extent of feed patipar the size of the core
technology; the gas cleaning requirements, enexggvery requirements and residue
management are closely linked to the technologyooptA low profile building is
probably the most attractive in planning terms, oitall technologies can be housed

in low profile structures.

Firstly, Schemes 2 and 9 are considered to requiteoderate land cost. As a result
they are evaluated with score 7. Also, the perfarceaof the Schemes 3, 10 and 13 is
similar to the previous ones (they have a rathederate land cost), thus they are
scored with 6. On the contrary, Schemes 4, 6a,ehld present a moderate to
relatively high land cost, so they are rated wibrs 5. Schemes 5a, 6b, 8b, 11 and 12
present similar performance with the previous offes6a, 8a and 14) but the land
requirement for these schemes is significantly @ighs a result, schemes 5a, 6b, 8b,
11 and 12 are scored with 4. The space neededhdoinstallations included in the
alternative management Schemes 1, 5b, and 7andicgtly higher than all the
aforementioned schemes and hence, they are ratedeare 3. Finally, Scheme 7b is
scored with 2, because it presents a high land Tasle 17 presents the performance

of the alternative management schemes for theionteegarding land requirement.

Table 17 Performances of alternative management schemesthi® criterion

regarding land requirement

Alternative Management Financial Criteria

Schemes Land requirement (§)

Scheme 1

w

Scheme 2

Scheme 3

Scheme 4

Scheme 5a

Scheme 5b

Scheme 6a

Scheme 6b

Scheme 7a

NfW|~lO|W| A~ OO | N

Scheme 7b
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Scheme 8a

Scheme 8b

Scheme 9

Scheme 10

Scheme 11

Scheme 12

Scheme 13

aajio|lb~| Ao IN|B~|O

Scheme 14

Production of useful secondary materialg)(F

Production of useful secondary materials is a fagthich should be taken into
consideration at the selection of management petiSchemes 3, 7a and 7b lead to
the production of high quantities of useful secopdaaterials and therefore, they are
rated with score 9. Also, Schemes 8a and 8b lead&ther high production of useful
secondary materials, thus they are scored withu&h&rmore, through Schemes 5a,
5b, 6a, 6b and 13 a relatively high production skful secondary materials is
achieved and hence, they are scored with 7. Sch2nmids 12 and 14 are closer to the
previous ones (5a, 5b, 6a, 6b and 13) and forréason, they are scored with 6. On
the other hand, Schemes 10, 4 and 9 lead to a btpiter production of useful
secondary materials in comparison to the othergslaeyare rated with score 5, 4 and
3 respectively. Finally, via Scheme 1, the lowesidpction of useful secondary
materials is achieved and therefore, it is scoreth i. Table 18 presents the
performance of the alternative management scheorethé criterion regarding the

production of useful secondary materials.

Table 18 Performances of alternative management schemesthi® criterion

regarding the production of useful secondary malteri

Alternative Management Financial Criteria
Schemes Production of useful secondary materidls,)
Scheme 1 1
Scheme 2 6
Scheme 3 9
Scheme 4 4
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Scheme 5a

Scheme 5b

Scheme 6a

Scheme 6b

Scheme 7a

Scheme 7b

Scheme 8a

Scheme 8b

Scheme 9

Scheme 10

Scheme 11

Scheme 12

Scheme 13

O N OO0l W|0|0|O© |0 (N | NI NN

Scheme 14

Table 19 summarizes the performances of the alieenananagement schemes

regarding the group of the economic criteria.
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Table 19: Performances of alternative candidate managesoii@mes in financial criteria.

Alternative Management
Schemes

Financial Criteria

Total investment cost
(Fa)

Operation and Land requirement

maintenance costgly

(Fa)

Production of useful
secondary materialgF,)

Scheme 1

9

9

3

1

Scheme 2

Scheme 3

Scheme 4

Scheme 5a

Scheme 5b

Scheme 6a

Scheme 6b

Scheme 7a

Scheme 7b

Scheme 8a

Scheme 8b

Scheme 9

Scheme 10

Scheme 11

Scheme 12

Scheme 13

Scheme 14
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6.4 Performance of alternative management schemeas Technical Criteria

Functionality(T;)

In this criterion, parameters such as constantusradbstructed operation, demands on
expertise personnel and on maintenance of the eepnp simplicity in operation, life
duration of the equipment are examined. Schemeegepts high functionality and
therefore, it is rated with score 9. Schemes 2,n8 &0 present a rather high
functionality and as a result are scored with hebres 4 and 9 are estimated to
present a relatively high functionality, thus thage scored with 7. Furthermore,
Schemes 5b, 6b, 7a, 8a and 13 are considered ¢éorhagterate functionality as well
as schemes 5a, 6a, 11, 12 which have a perfornr@dose to them. As a result they
are rated with score 5 and 6, respectively. Morgo8ehemes 7b and 8b present a
functionality between low and moderate levels aretdfore, they are scored with 4.
Finally, Scheme 14 is rated with score 3, sincpréisents the lowest performance.
Table 20 presents the performance of the altemmatianagement schemes for the

criterion regarding functionality.

Table 20 Performances of alternative management schemesthi® criterion

regarding functionality

Alternative Management Technical Criteria

Schemes Functionality(T)

Scheme 1

©

Scheme 2

Scheme 3

Scheme 4

Scheme 5a

Scheme 5b

Scheme 6a

Scheme 6b

Scheme 7a

Scheme 7b

Scheme 8a

Scheme 8b

N | b~ MO | OO || 00| 0

Scheme 9
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Scheme 10

Scheme 11

Scheme 12

Scheme 13

Scheme 14

Wl oo |Oo |

Existing experience-reliability 6

Existing experience-reliability is examined as @adividual criterion, since it plays an
important role especially in the cases when thesiptes application of a new
technology is taken into consideration. The exggtireliability level of each
technology can be assessed through the analyparameters such as the number of
plants that operate efficiently in other countritise time period for which the
technology is used at large scale applications,ctgacity of the installations that

operate successfully etc.

Incineration has the lowest risk of implementatmympared to the other thermal
treatment technologies, since it is a well-provechhology. On the contrary,
pyrolysis and gasification are relatively new tedlogies with a low range of

applications at large scale.

Mechanical-Biological Treatment technology are &uplin a wide range, since a
significant number of facilities are in operatiomhe MBT technology can be
optimised to produce compost, biogas and combestibdterial, while the BMT

technologies are configured to produce Solid Reaal/€uel (SRF).

The experience from applications of the technoltigat is included in Scheme 1 is
very high and therefore, it is rated with score Al3o, taking into consideration the
aforementioned parameters, Schemes 2, 3, 9 andel@e established and hence,
they are scored with 9. Scheme 4 presents relgthuigh existing experience and as a
result, it is rated with score 8. Furthermore, tlesting experience for the
technologies included in Schemes 5a, 6a and 8alasively high and thus, these
schemes are scored with 7. Following, the expegidoc the management Schemes
5b, 6b, 7a, 8b and 12 is relatively high and theesfthey are rated with score 6. The
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existing reliability for the management Schemesaniol 11 approaches moderate
levels and thus these schemes are scored with 54 amespectively. The lowest
existing experience is presented for the Schemeant314 and as a result, these
Schemes are scored with 3 and 2, respectively.eT2blpresents the performance of
the alternative management schemes for the criteregarding the existing

experience-reliability.

Table 21 Performances of alternative management schemesthi® criterion

regarding the existing experience-reliability

Alternative Management Technical Criteria

Schemes Existing experience-reliabilit{T,)

Scheme 1

=Y
o

Scheme 2

Scheme 3

Scheme 4

Scheme 5a

Scheme 5b

Scheme 6a

Scheme 6b

Scheme 7a

Scheme 7b

Scheme 8a

Scheme 8b

Scheme 9

Scheme 10

Scheme 11

Scheme 12

Scheme 13

Scheme 14
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Adaptability to the local conditions )T

Through this criterion, the adaptability of eacbhmology to the local conditions is
examined. Scheme 1 has very high adaptability levéhe local conditions, thus it is
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scored with 9. Schemes 4, 5a, 6a, 8a, 10, 11 aaghdar relatively high adaptability
while Schemes 2, 3 and 9 present high adaptabfgya result, these two groups of
Schemes are scored with 7 and 8, respectivelyh®wther hand, Schemes 7b and 13
present moderate adaptability level as well as ®else5b, 6b, 7a and 8b. The first
group of Schemes are scored with 5, while the stome with 6. Finally, Scheme 14
presents the lowest adaptability level and thus gcored with 3. Table 22 presents
the performance of the alternative management sebdor the criterion regarding
the adaptability to the local conditions.

Table 22 Performances of alternative management schemesthi® criterion

regarding the adaptability to the local conditions

Alternative Management Technical Criteria

Schemes Adaptability to the local conditions I

Scheme 1

Scheme 2

Scheme 3

Scheme 4

Scheme 5a

Scheme 5b

Scheme 6a

Scheme 6b

Scheme 7a

Scheme 7b

Scheme 8a

Scheme 8b

Scheme 9

Scheme 10

Scheme 11

Scheme 12

Scheme 13

Scheme 14
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Flexibility (T4)

In this criterion, the flexibility level of the tboologies according to potential
variations in the quantity and the compositionha& wvaste is examined.

Incineration can be applied for various capaciaes therefore this technology is
proven regarding the potential variations in qugrdf the waste. Generally, it can be
said that this technology is approaches a rathgr fiexibility and this is the reason
why Schemes 9 and 10 are scored with 8. Also, Sekeim?2 and 4 present a rather
high functionality compared to the other managensehemes. Thus, they are scored
with 9, 8 and 8, respectively.

Pyrolysis and gasification technologies are notilfie in terms of variations in waste
guantities and, mainly, in variations on waste cosigon. This is due to the fact that
both processes must be carefully controlled in orde achieve the favourable
conditions for their efficient and unobstructed leggiion. Changes in waste volume,
size or composition affect the process dynamics tmese technologies usually
require extensive feeding preparation and are roostpatible with a homogenous
pre-sorted feedstock. For this reason Schemes d112rare scored with 4 and 5,
respectively.

Biological systems present low flexibility on th@wn are regarding the variations in
the waste composition. However, with a mechanieaitfend, as is the case of MBT
systems, the integrated process should be ablendidwaste composition variations
adequately. Additionally, MBT or BMT technologieshiwh incorporate thermal
treatment of recovered combustible materials (Sesebb, 6b, 7b and 8b) present
lower flexibility level than MBT or BMT technologgewhich incorporate forwarding
of the recovered combustible materials to end ugeaking into consideration all the
aforementioned parameters, Scheme 5a is ratedsadtte 7, while Schemes 5b and
6a scored with 6. Moreover, Schemes 6b, 7a ande&ept moderate flexibility level
and therefore, they are scored with 5, while Sclsefeand 8b are rated with slightly
lower score, 4. Schemes 13 and 14 include relgtivel technologies and therefore
only few information are available related to thigxibility. Consequently, they are
rated with score 4 and 3, respectively. Finallyhé&ne 3 presents a rather high
flexibility level and therefore, it is scored with Table 23 presents the performance

of the alternative management schemes for theionteegarding flexibility.
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Table 23 Performances of alternative management schemesthi® criterion

regarding flexibility

Alternative Management Technical Criteria
Schemes Flexibility (T,)

Scheme 1

©

Scheme 2

Scheme 3

Scheme 4

Scheme 5a

Scheme 5b

Scheme 6a

Scheme 6b

Scheme 7a

Scheme 7b

Scheme 8a

Scheme 8b

Scheme 9

Scheme 10

Scheme 11

Scheme 12

Scheme 13

wWw OO |||~ O]~ OO OO | N|00| V|0

Scheme 14

Table 24 summarizes the performances of alternataeagement schemes regarding
the group of technical criteria while Table 25 mmrts the performances of all the
alternative management schemes for each of theeaboteria and the conflicts
emerging if schemes are ranked with respect to eagjte criterion. It is noted that
alternative schemes presenting a high score incatexion, may appear lower score
regarding their performance for one or more otherta. As a result, the complete
achievement of all goals is not feasible and tleeeefthe DMs are obliged to find out
a compromise solution reflecting the most acceptabhlance between their

competing aspirations.
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Table 24: Performances of alternative candidate managesui@mes in technical criteria.

Alternative Management
Schemes

Technical Criteria

Functionality
(Ta)

Existing experience-
reliability (T»)

Adaptability in the
local conditions (%)

Flexibility
(Ta)

Scheme 1

9

10

9

9

Scheme 2

Scheme 3

Scheme 4

Scheme 5a

Scheme 5b

Scheme 6a

Scheme 6b

Scheme 7a

Scheme 7b

Scheme 8a

Scheme 8b

Scheme 9

Scheme 10

Scheme 11

Scheme 12

Scheme 13

Scheme 14
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Table 25 Performances of management schemes in sociatpemental, financial and technical criteria

Alternative
Management
Schemes

Social

Environmental

Financial

Technical
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7 Indifference and preference thresholds

The indifference threshold is set at 10% of thdedi#nce between the highest and
lowest score while the preference threshold isa680% of the same difference. The
indifference threshold denotes that if the diffeenn the performance of two
scenariosa andb in a criterion is lower than this threshold, these considered as
equivalent p(a,bF0). The preference threshold denotes that strieffepence
(p(a,bFl) of scenarioa over scenariob holds only if the difference in their
performance of scenario is higher than this thriesh®able 26 summarizes the

criteria indifference and preference thresholds.

Table 26: Indifference and preference thresholds of criteria

Criteria Thresholds
q P

S 0.8 2.4
S 0.8 2.4
S 0.9 2.7
S 0.8 2.4
= 0.6 1.8
E> 0.5 15
= 0.4 1.2
Es 0.8 2.4
Es 0.4 1.2
Es 0.7 2.1
Fi 0.7 2.1
F> 0.5 15
Fs 0.5 15
Fa 0.8 2.4
T 0.6 1.8
T2 0.8 2.4
T3 0.6 1.8
Ty 0.6 1.8
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8 Results
Tables 27 present the results of the PROMETHEE éthod for the candidate
management schemes of MSW in Morocco with thezatilon of linear function.

Table 27 The results of the PROMETHEE Il for candidate agement schemes

with the utilization of linear function

Candidate schemes Positive flow) | Negative flow (*) | Netflow () | Rank
Scheme 3 0.6048 0.0528 0.5520 1
Scheme 5a 0.3804 0.1415 0.2389 2
Scheme 10 0.3536 0.2039 0.1496 3
Scheme 6a 0.3144 0.2064 0.1080 4
Scheme 13 0.3616 0.2581 0.1035 S
Scheme 2 0.3910 0.3039 0.0871 6
Scheme 8a 0.2953 0.2083 0.0871 7
Scheme 12 0.2902 0.2254 0.0648 8
Scheme 11 0.2790 0.2573 0.0218 9
Scheme 7a 0.2899 0.2821 0.0078 10
Scheme 9 0.3267 0.3520 -0.0253 11
Scheme 1 0.4143 0.4905 -0.0762 12
Scheme 4 0.2734 0.4025 -0.1290 13
Scheme 5b 0.1991 0.3507 -0.1516 14
Scheme 14 0.2130 0.4316 -0.2186 15
Scheme 6b 0.1612 0.4137 -0.2526 16
Scheme 8b 0.1511 0.4164 -0.2653 17
Scheme 7b 0.1924 0.4943 -0.3019 18

Figure 14 presents the partial ranking, while Fegis illustrates the complete ranking
of the alternatives schemes from best to worsterms of their net flow with the

utilization of linear function.
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Figure 14 PROMETHEE | partial ranking of the alternativendalate management schemes for the treatment of MSWérocco with the

utilization of linear function.
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Figure 15 PROMETHEE Il complete ranking of the alternatoandidate management schemes for the treatmensu¥ M Morocco with the
utilization of linear function (schemes are rankexin the most preferred on the extreme left hadd 8 the least preferred on the extreme right
hand).
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The indices shown in Table 27 and Figure 15 quaritie degree to which each
scenario outranks (positive value) or is outraniesbative value) by the others and
sum up to zero. The optimal balance among the Isaaironmental, financial and

technical criteria is achieved by the candidate agament scheme 3. More
specifically, the priorities for the treatment ofSW are in the following order:

scheme 3, scheme 5a, scheme 10, scheme 6a, scl3emeh&me 2, scheme 8a,
scheme 12, scheme 11, scheme 7a, scheme 9, schescbeine 4, scheme 5b,

scheme 14, scheme 6b, scheme 8b and scheme 7b.

Figures 16-33 are provided by the Profile optionhef DECISION LAB software and

present the comparison of the eighteen candidateagesment schemes preference in
proportion of different criteria. The scores aréween +1 (being the best) and -1
(being the worst). With these evaluations the sjrand the weak sides of each

management scheme are known in advance.

Figure 16: Effect of every criterion on alternative managensafteme 1

Figure 16 shows that the social criteria (S1 — &f4yell as the environmental ones
(E1 — E4, E6) have negative effectaternative management scheme 1 except for the
environmental criterion E5 which is relative witbise pollution that seems to have
positive effect on alternative management schemieuithermore, financial criteria
F1 — F2 (Total investment cost, Operation and reaiuce cost) appear to have
positive influence on management scheme 1, whileera F3 and F4 (Land
requirement, Production of secondary materials}tlawaght to have negative impacts
on scheme 1. Finally, all technical criteria (TIT4) are believed to have positive

effect on scheme 1.
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Figure 17: Effect of every criterion on alternative managetrsmineme 2

In Figure 17 it is presented that tleecial criteria (S1 — S4) as well as the
environmental ones (E1 — E4) have negative effectiternative management scheme
2, while the criteria related with noise pollutiand aesthetic harmful effect (E5 — E6)
have positive effect on management scheme 2. Meretive financial criteria (F1 —

F3) seem to have positive influence on managenu@nse 2. However the criterion

which is about the production of secondary materggpears to affect negatively
management scheme 2. Finally, all technical ¢atéF1l — T4) are believed to have

positive effect on scheme 2.

Figure 18: Effect of every criterion on alternative managetreaneme 3

From the comparison of Figures 16, 17 and 18dbisducted that social criteria (S1 —
S3) have positive effect on alternative managemseheme 3, except for the social
criterion S4 which is related with possibilities méw job positions that appear to be
limited. It can be also seen that all environmentékria have positive influence on

management scheme 3. Finally, it is remarkable #ilafinancial (F1 —F4) and
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technical (T1 —T4) criteria have beneficial effect alternative management scheme
3.

Figure 19: Effect of every criterion on alternative managetrsameme 4

It is shown in Figure 19 that all social (S1 — &4y the most environmental criteria
(E1 — E4, E6) affect negatively the alternative agement scheme 4. However, the
criterion E5, related with noise pollution, contributes positivelo management
scheme 4. Furthermore, financial criteria F1 andH&® regardhe total investment
cost and the land requirement appear to be ratheeficial to management scheme 4,
while F2 and F4, which are related witie operation and maintenance cost and the
production of secondary materials, have negativpenmission on alternative
management scheme 4. Finally, all technical cdtenave positive effect on
management scheme 4, even though their total botivn is smaller than in the

previous schemes.

Figure 20: Effect of every criterion on alternative managetrsneme 5a
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Figure 20 shows that social criteria S1 — S4 havsitipe effect on management
scheme 5a and especially a satisfactory socialpgamoee. The condition is almost
similar as far as the environmental criteria (EB)-&re concerned, as they appear to
have beneficial effect on management scheme 5#hdfarore, financial criteria F1,
F2 and F4 have positive influence management scheme 5a, while F3 that has to do
with the landrequirement affects negatively management schemd-igally, it is
remarkable that the technical criterion T1 relateéunctionality has no effect on this
scheme as well as the technical criterion T2 rdldtethe existing experience-
reliability that appears a slight beneficial effeghile criteria T3 and T4 have positive

influence on management scheme 5a.

Figure 21: Effect of every criterion on alternative managetrsaineme 5b

In Figure 21 it is presented that all social ci#efS1 — S4) affect positively the
alternative management scheme 5b. On the other, Haménvironmental criteria (E1

— E3, E5) have negative effect on this scheme,endriteria E4 and EG6, which regard
the production of solid outcast and aesthetic halreffect respectively, appear to
have an imperceptible positive effect on managersehéme 5b. Furthermore, it is
believed that financial criteria F1 — F3 affect attgely management scheme 5b,
whereas criterion F4, regarding the production efosdary materials, has a slight
beneficial impact on this scheme. Finally, techhméeria T1 — T3 have negative
effect on the scheme, in contrast to criterion HeXibility) that appears an

imperceptible beneficial effect on management se&h&m
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Figure 22: Effect of every criterion on alternative managetrsneme 6a

Figure 22 presents that social criteria (S1 — S4elpositive effect on the alternative
management scheme 6a. This condition seems almoslars as far as the
environmental criteria are concerned, as they appedave beneficial effect on
management scheme 6a except for criterion E3 whagfards the production of
humid waste that appears to affect negatively mamagt scheme 6a. On the other
hand, financial criteria divide in two, becausesihaelated to total investment cost
and operation and maintenance cost (F1 — F2) hagative effect on the alternative
management scheme 6a, while F3 and F4 which relzard requirement and
production of secondary materials have positiveea@ffon the scheme. Finally,
technical criteria (T2 —T4) affect positively maeagent scheme 6a except for T1

which regards functionality and presents no eféecthis scheme.

Figure 23: Effect of every criterion on alternative managetrsmineme 6b

It is conducted by Figure 22 that social critei$d (— S4) have positive effect on the
alternative management scheme 6b. On the othet, legavironmental criteria (E1,
E3 — E6) appear to have negative effect on manageseheme 6b except for
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criterion E2 (air emissions) that affects positywvelanagement scheme 6b. It is worth
mentioning that all technical (T1 —T4) and the miogsancial criteria (F1 — F3) have
negative effect on the alternative management seh@m except for the financial
criterion F4, related to the production of secogdawaterials, which has positive

effect on the scheme.

Figure 24: Effect of every criterion on alternative managetrsaneme 7a

It is shown in figure 24 that all social (S1 — $4)d the most environmental criteria
(E1 — EA4, EG6) affect positively the alternative ragement scheme 7a. However, the
criterion E5,related with noise pollution, has negative effattnmanagement scheme
7a. Furthermore, financial criteria F1 - F3 appeaaffect management scheme 7a
rather negatively, while criterion F4, which isatgd tothe production of secondary
materials, has beneficial impact on alternative ag@ment scheme 7a. Finally, all

technical criteria have negative effect on managgrseheme 7a.

Figure 25: Effect of every criterion on alternative managetrsaieme 7b

Figure 25 presents that social criteria (S1 — S@ 84) have positive effect on

management scheme 7b, while S3 regarding sociaptarice has negative influence.
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Furthermore, environmental criteria (E1, E3 - Effe& positively the alternative
management scheme 7b, while criteria E2, E5 andvfich are related to air
emissions, noise pollution and aesthetic harmfigdogf affect negatively management
scheme 7b. Moreover, financial criteria F1 - F3ego affect management scheme
7b rather negatively, while criterion F4, which iielated tothe production of
secondary materials, has beneficial impact on seh#&m Finally, all technical criteria

have negative effect on management scheme 7a.

Figure 26: Effect of every criterion on alternative managetrsaimeme 8a

In Figure 26 it is presented that social criteribaisd S4 have negative effect on
management scheme 8a, because there is no hartrmizaith the existing
legislative framework and the possibilities of ng positions are limited. On the
other hand social criteria S2 and S3 (applicatibrproorities of legislation, social
acceptance) have positive effect on managementnech®a. Furthermore, all
environmental criteria (E1 — E6) affect positivéle alternative management scheme
8a, but the financial criteria seem to divide inofjwas F1 — F2 that regard total
investment cost and operation and maintenance apggar to affect management
scheme 7b rather negatively, while criteria F3 &dd which are related to land
requirement and production of secondary materge beneficial impact on scheme
8a. Finally, technical criteria T1 and T4 have riegaeffect on management scheme

7a, while T2 and T3 have a slightly positive effentthe scheme.
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Figure 27: Effect of every criterion on alternative managetrsmineme 8b

It is presented in Figure 27 that social crite®d — S4) have positive effect on the
alternative management scheme 8b. On the othel, leavironmental criteria (E1 -
E3 and E5 — E6) appear to have negative effect mmagement scheme 8b except for
criterion E4 (production of solid outcast) that hamall positive effect on
management scheme 8b. It is worth mentioning thaeehnical (T1 —T4) and the
most financial criteria (F1 — F3) have negativeeefffon the alternative management
scheme 8b, except for the financial criterion efated to the production of secondary

materials, which has positive effect on the scheme

Figure 28: Effect of every criterion on alternative managetrsaneme 9

Figure 28 shows that social criteria (S1 — S4) hasgative effect on the alternative
management scheme 9. This condition seems almasilasi as far as the
environmental criteria are concerned, becauserieritel — E2, E4 and E6 appear to
affect negatively management scheme 9, exceptrit@ria E3 and E5, regarding the
production of wastewater and noise pollution respely, which appear to have
beneficial effect on management scheme 9. On tier diand, financial criteria divide
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in two, because those related to total investmest and land requirement (F1, F3)
affect positively the alternative management sch@mehile F2 and F4 which regard
operation and maintenance cost and productionafrelary materials have negative
effect on the scheme. Finally, all technical cr#e(T1 —T4) affect positively

management scheme 9.

Figure 29: Effect of every criterion on alternative managetrszineme 10

In Figure 29 it is presented that social criteria®sd S3 - S4 have positive effect on
management scheme 10, while criterion S2, whichrasyapplication of priorities of
legislation, has negative effect on management nsehelO. Furthermore,
environmental criteria E1, E3 and E4 appear tocaffgositively the alternative
management scheme 10, even though E4 presentspanceptible benefaction. To
continue with, criteria E2, E5 and E6 (air emissionoise pollution and aesthetic
harmful effect respectively) seem to have rathegatiee effect on management
scheme 10.0n the other hand, financial criteria F2 — F3 tteggard operation and
maintenance cost as well as land requirement, apgpeaffect management scheme
10 positively, while criteria F1 and F4, which aetated to total investment cost and
production of secondary materials, have negativyeach on scheme 10. Finally, all

technical criteria T1 - T4 appear beneficent eftatmanagement scheme 10.
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Figure 30: Effect of every criterion on alternative managetrsaneme 11

In Figure 30 it is presented that social criterleaisd S3 - S4 have positive effect on
management scheme 11, while criterion S2 (apptinatif priorities of legislation)
has negative effect on management scheme 11. Fudhe almost all environmental
criteria E1 — E4 and E6 appear to affect posititeyalternative management scheme
11, except for criterion E5 for noise pollution tis@ems to have negative effect on
management scheme 110n the other hand, financial criteria F1, F3 — dffect
management scheme 11 negatively, while criterionwiich is related to operation
and maintenance cosias beneficent effect on scheme 11. It is worthtimeimg that
technical criterion T1 (functionality) appears tavke no effect on this scheme, while
criteria T2 and T4 have negative effect on managermseheme 11. Finally, criterion
T3 about adaptability in the local conditions appdazeneficial effect on management
scheme 11.

Figure 31: Effect of every criterion on alternative managetreaneme 12

In Figure 31 it is shown that social criteria S1&8@l - S4 have positive effect on
management scheme 12, while criterion S2 (apptinatif priorities of legislation)
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has negative effect on management scheme 12. Fudhes almost all environmental
criteria E1 — E4 and E6 appear to affect posititkéy alternative management scheme
12, except for criterion E5 for noise pollution tis@ems to have negative effect on
management scheme 12Dn the other hand, financial criteria F1, F3 addaffect
management scheme 11 negatively, while criterionwiich is related to operation
and maintenance cos$tas beneficent effect on scheme 12. It is worthtimeimg that
technical criterion T1 (functionality) appears tavk no effect on this scheme, while
criteria T2 and T4 have negative effect on managerseneme 12. Finally, criterion
T3 about adaptability in the local conditions apgdaeneficial effect on management

scheme 12.

Figure 32: Effect of every criterion on alternative managetrsaineme 13

Figure 32 shows that social criteria Sland S3 - &fe negative effect on
management scheme 13, while criterion S2 (applinatif priorities of legislation)
has positive effect on management scheme 13. Fortiie, all environmental criteria
E1l — E6 appear to affect positively the alternatmanagement scheme 13. This
condition is similar as far as the financial ciieare concerned, because all of them
have beneficial effect on management schemeQ3the other hand, it is shown that

all technical criteria T1- T4 have negative effestmanagement scheme 13.
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Figure 33: Effect of every criterion on alternative managetrsmneme 14

It is presented in Figure 33 that all social ci#dS1 — S4) have negative effect on the
alternative management scheme 14. On the othel, leavironmental criteria (E1 —
E2 and E4 — E5) appear to have positive effect anagement scheme 14 except for
criteria E3 and E6 (production of humid waste aestlaetic harmful effect) that have
negative effect on management scheme 14. It ishwoentioning that all technical
(T1 —T4) affect negatively management scheme l4allyj financial criteria (F1 —
F3) have positive effect on the alternative managenscheme 14, except for the
financial criterion F4, related to the productioh secondary materials, which has

negative effect on scheme 14.
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9 Sensitivity Analysis

The software tool that was applied for the purposkeshe multi-criteria analysis
provides the possibility of the processing of tasults, through changing the weights
of the criteria. Therefore this option is approf@ifor analyzing the sensitivity of the

decision problem with respect to the weights ofdhteria.

In general, sensitivity analysis provides inforroation how variations in the input
change the output of a model. The output must kerpreted with great care
whenever it varies significantly for input flucti@ts that are within the real of error

or- perhaps more appropriate- within the realmaofficlence in their values.

Firstly, with sensitivity analysis, the importanoé broad uncertainties in data and
models is assessed by the Decision Makers. Furtirefrthey can judge whether the
analysis is necessary or whether they need to gattoee data to allow a more

sophisticated analysis. Secondly, it can help btoldsensus among the DMs.
Table 28 illustrates for each criterion the limitghin ‘weight values’ which could be

varied without changing the PROMETHEE Il compledmking with utilization of

linear function.
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Table 28: Stability intervals for linear function

o

o

o

o

o

o

o

o

o

o

D%

0

o

o

o

o

o

Criteria Coefficient Allowed Limits Coefficient Allowed Limits (%)
Weight min max Weight (%) min max

Harmonization with the existing legislative framelw(5;) 0.0450 0.0332 0.0451 4.50% 3.369 4.51
Application of priorities of legislation gp 0.0450 0.0181| 0.0451 4.50% 1.869 451
Social acceptance {5 0.0375 0.0329| 0.0376 3.75% 3.319 3.76
Possibilities of new job positions.fS 0.0225 0.0157| 0.0226 2.25% 1.589 2.26
Level of possible environmental impacts)(E 0.0750 0.0601| 0.0750 7.50% 6.109 7.50
Air emissions (B 0.0600 0.0493| 0.0600 6.00% 4.989 6.00
Production of humid waste {E 0.0600 0.0488| 0.0600 6.00% 4.949 6.00
Production of solid outcast ¢ 0.0600 0.0417| 0.0601 6.00% 4.259 6.00
Noise pollution (E) 0.0300 0.0093| 0.0823 3.00% 0.959 7.82
Aesthetic harmful effect {E 0.0150 0.0000| 0.0151 1.50% 0.009 1.51
Total investment cost () 0.1050 0.1049| 0.1117 10.50% 10.50¢ 11.1
Operation and maintenance cost)F 0.0900 0.0899| 0.0950 9.00% 9.009 9.46
Landrequirement (B) 0.0450 0.0449| 0.0558 4.50% 4.499 5.52
Production of secondary materialsF 0.0600 0.0385| 0.0601 6.00% 3.939 6.01
Functionality (T) 0.0625 0.0625| 0.0780 6.25% 6.259 7.68
Existing experience-reliability ¢J 0.0750 0.0749| 0.0857 7.50% 7.499 8.48
Adaptability in the local conditions ¢ 0.0625 0.0624| 0.0762 6.25% 6.249 7.52
Flexibility (T4) 0.0500 0.0500| 0.0631 5.00% 5.009 6.23

o
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From the data of Table 28 it is concluded thatvidwgation of specific criteria weights
such as Harmonization with the existing legislafreanework ($), Social acceptance
(Ss), Total investment cost (5 Operation and maintenance cosg){fFunctionality
(T,) and Flexibility (T;) have the greatest impact on the complete ranking.

In Table 29, analytical information concerning titeration of the PROMETHEE I
complete ranking by the variation of specific fica criteria weights is presented,

with the utilization of linear function.

Table 30 includes coefficient weights of the crédeafter the alteration of weight in
the specific financial criteria:

1. Total investment cost (F

2. Operation and maintenance cosbk)F

3. Production of secondary materials,jF

Table 31 comprises analytical information concegnithe alteration of the
PROMETHEE Il complete ranking by the variation betspecific criteria weights
(with the utilization of linear function):

1. Social acceptance {5

2. Level of possible environmental impacts) (E

3. Flexibility (T,)

Finally, Table 32 includes coefficient weights bktcriteria after the alteration of

weight in the aforementioned criteria.
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Table 29 PROMETHEE Il complete ranking by the variationspkcific financial criteria weights

Variation of criteria weights

PROMETHEE Il complete ranking of candidate management schemes

Complete ranking of management schemes

prior the variation of specific criteria weights

3 5a 10 6a 13 2 8a 12 11 7a 9 1 4 5b 14 6b 8b 7b

Total investment cost (J

10.5% 2%

3 5a 10 6a 12 8a 13 11 7a 2 9 5b 1 4 6b 8 7b 14
10.5% 5% 3 5a 10 6a 8a 12 13 11 2 7a 9 5b 1 4 6b 8b 14 7b
10.5% 13% 3 5a 10 13 2 6a 8a 12 11 7a 9 1 4 5b 14 6b 8b 7b
10.5% 15% 3 5a 13 10 2 6a 8a 12 9 11 7a 1 4 5b 14 6b 8b 7b
Operation and maintenance cost)F
9% 3% 3 5a 10 6a 8a 13 12 7a 2 11 9 4 1 5b 6b 8b 14 7b
9% 7% 3 5a 10 6a 8a 13 2 12 7a 11 9 1 4 5b 14 6b 8b 7b
9% 12% 3 5a 10 13 2 6a 8a 12 11 7a 9 1 4 5b 14 6b 8b 7b
9% 15% 3 5a 10 13 2 6a 12 8a 11 1 7a 9 4 5b 14 6b 8b 7b
Production of secondary materialsjF
6% 2% 3 5a 10 6a 13 2 12 8a 11 9 7a 1 4 5b 14 6b 8b 7b
6% 3% 3 5a 10 6a 13 2 8a 12 11 9 7a 1 4 5b 14 6b 8b 7b
6% 9% 3 5a 10 6a 13 8a 2 12 7a 11 9 1 5b 4 14 6b 8b 7b
6% 12% 3 5a 10 8a 6a 13 2 7a 12 11 9 1 5b 4 14 8b 6b 7b




Table 30: Coefficient weights of the criteria after theeaéition of weight in the specific financial critri

Coefficient Coefficient weights (%)

Criteria Weight Total investment Cost (10.5%) Operation and maimter Cost (9%)| Production of secondary MateriaP)6

(%) 2 5 13 15 3 7 12 15 2 3 9 12
(S) 4.50 493 4.78 437 4.27 4.80 4.60 4.35 4.20 469 .644| 4.36 4.21
(S) 4.50 493 4.78 4.37 4.27 4.80 4.60 4.35 4.20 469 644 4.36 4.21
(S) 3.75 411| 3.98 365 3.56 4.00 3.83 3.68 3.50 391 873 3.63 3.51
(S) 2.25 246| 239 219 214 2.40 2.30 2.18 2.10 235 322 2.18 2.11
(&) 7.50 8.21| 796 7.29 7.12 7.99 7.66 7.2b 7.01 782 747 7.26 7.02
(E2) 6.00 6.57| 6.37] 5.83 5.70 6.40Q 6.13 5.80 5.60 6.26 .196 5.81 5.62
(Es) 6.00 6.57| 6.37] 5.83 5.70 6.40Q 6.13 5.80 5.60 6.26 .196 5.81 5.62
(Ba) 6.00 6.57| 6.37 5.83 5.70 6.40Q 6.13 5.80 5.60 6.26 .196 5.81 5.62
(Bs) 3.00 3.28| 3.18/ 292 2.85 3.20 3.07 2.90 2.80 3.13 .103 2.90 2.81
(Es) 1.50 1.64| 1.59 1.46 1.42 1.60 1.53 1.456 1.40 1.56 551 1.45 1.40
(F1) 10.50 200 | 5.00| 13.00 15.00 11.19 10.73 10.15 9.81 10.95 10.8 10.1 9.4
(F2) 9.00 9.85| 9.55 8.75 8.5% 3.00 7.00 12.00 15.000 9.38 9.29 8.71 8.43
(Fa) 4.50 493 4.78 4.37 4.27 4.80 4.60 4.35 4.20 469 644 4.36 4.21
(Fa) 6.00 6.57| 6.37 5.83 5.70 6.40Q 6.13 5.80 5.60 2.00 3.00 9.00 12.00
(Ty) 6.25 6.84| 6.63 6.08 5.94 6.66 6.39 6.0¢4 5.84 6.52 456 6.05 5.85
(T2) 7.50 8.21| 796 7.29 7.12 7.99 7.66 7.2b 7.01 782 747 7.26 7.02
(Ts) 6.25 6.84| 6.63 6.08 5.94 6.66 6.39 6.0¢4 5.84 6.52 456 6.05 5.85
(Ta) 5.00 5.47| 5.31 4.86 4.7% 5.33 5.11 4.84 4.67 521 .165 4.84 4.68
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Table 31 PROMETHEE Il complete ranking by the variationspkcific criteria weights

Variation of criteria weights

PROMETHEE Il complete ranking of candidate management schemes

Complete ranking of management schemes pric

the variation of specific criteria weights

D

r
3 5a 10 6a 13 2 8a 12 11 7a 9 1 4 5b 14 6b 8b 7b

Social acceptance {p

3.75% 1% 3 5a 10 13 6a 2 8a 12 11 7a 9 1 4 5b 14 6b 8b 7b
3.75% 2% 3 5a 10 13 6a 2 8a 12 11 7a 9 1 4 5b 14 6b 8b 7b
3.75% 6% 3 5a 10 6a 8a 13 2 12 11 7a 9 1 5b 4 14 6b 8b 7b
3.75% 9% 3 5a 10 6a 8a 12 2 13 11 7a 9 5b 1 4 6b 8b 14 7b
Level of possible environmental impacts) (E

7.50% 3% 3 5a 10 2 6a 13 8a 12 9 11 7a 1 4 5b 14 6b 8b 7b
7.50% 5% 3 5a 10 2 6a 13 8a 12 11 9 7a 1 4 5b 14 6b 8b 7b
7.50% 9% 3 5a 10 6a 13 8a 2 12 11 7a 9 1 4 5b 14 6b 8b 7b
7.50% 12% 3 5a 10 6a 13 8a 2 12 11 7a 9 1 4 5b 14 6b 8b 7b
Flexibility (T,)

5% 2% 3 5a 10 13 6a 8a 12 2 11 7a 9 1 4 5b 14 6b 8b 7b
5% 4% 3 5a 10 13 6a 8a 2 12 11 7a 9 1 4 5b 14 6b 8b 7b
5% 7% 3 5a 10 6a 2 13 8a 12 11 7a 9 1 4 5b 14 6b 8b 7b
5% 9% 3 5a 10 2 6a 13 8a 12 9 11 7a 1 4 5b 14 6b 8b 7b
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Table 32 Coefficient weights of the criteria after theeas#ition of weight in specific criteria.

Coefficient Coefficient weights (%)

Criteria Weight Social acceptance {5 Level of environmental impacts;jE Flexibility (T4)

(%) 1 2 6 9 3 5 9 12 2 4 7 9
(&) 4.50 4.63 458 | 4.39| 4.2% 4.72 4.62 4.43 4.28 4.64 455 .414| 431
(&) 4.50 4.63 458 | 4.39| 4.2% 4.72 4.62 4.43 4.28 4.64 455 .414| 431
(Ss) 3.75 1.00 | 2.00| 6.00| 9.00 3.93 3.85 3.69 3.57 3.87 3.79 3.67 3.5
(S) 2.25 231 | 229| 220| 213 2.36 2.31 2.21 2.14 2.32 227 202| 2.16
(E1) 7.50 771 | 764 | 7.32| 7.09 3.00 5.00 9.00 12.00| 7.74 7.58 7.34 7.18
(E2) 6.00 6.17 | 6.11| 586| 567 6.29 6.16 5.90 5.71 6.19 6.06 .875| 5.75
(Es) 6.00 6.17 | 6.11| 586| 567 6.29 6.16 5.90 5.71 6.19 6.06 .875| 5.75
(E2) 6.00 6.17 | 6.11| 586| 567 6.29 6.16 5.90 5.71 6.19 6.06 .875| 5.75
(Es) 3.00 3.09 | 3.05| 293| 284 3.5 3.08 2.95 2.85 3.09 3.03 .942| 287
(Eo) 1.50 154 | 153 | 1.46| 1.42 157 1.54 1.48 1.43 1.55 152 471 1.44
(F1) 10.50 10.80 | 10.69| 10.25 9.98 11.01 10.78  10.33 9.99 10.830.61 10.28 10.06
(F2) 9.00 926 | 9.16 | 8.79| 851 9.44 9.24 8.8% 8.56 9.28 9.09 .818| 8.62
(Fs) 4.50 4.63 458 | 4.39| 4.2% 4.72 4.62 4.43 4.28 4.64 455 .414| 431
(F2) 6.00 6.17 | 6.11| 586| 567 6.29 6.16 5.90 5.71 6.19 6.06 .875| 5.75
(Ta) 6.25 6.43 | 6.36| 6.10| 591  6.55 6.42 6.15 5.95 6.45 6.32 .126| 5.99
(T2) 7.50 771 | 764| 7.32| 709 7.86 7.70 7.38 7.14 7.74 758 347| 7.8
(Ts) 6.25 6.43 | 6.36| 6.10| 591 6.55 6.42 6.1% 5.95 6.45 6.32 .126| 5.99
(Ta) 5.00 514 | 509 | 4.88| 473 524 5.14 4.92 476 2.00 4.00 7.00 9.00
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Tables 29 and 31 indicate that the variation ofdbefficient weights in the chosen
criteria doesn’'t vary the ranking of the schemeghsf first three positions. More
specifically, scheme 3 seems to be the best compeastheme while schemes 5a and
10 possess the second and the third position regplgc Exception is the variation of
the coefficient weight in the criterion that regarfiotal investment cost from 10.5%

to 15% where the third position is possessed bgraehl3.

On the contrary, significant variations are obsdrwéth the increase or the decrease
of the specific criteria as regards the fourth @mel fifth position. For instance, as
shown in Table 29 the increase of the coefficieaight in the criterion that regards
Total investment cost from 10.5% to 13%, the foyotisition is possessed by scheme
13 while the variation from 10.5% to 15% the sanusifion is possessed from

scheme 10.
However, it must be mentioned that some of thesatians correspond to the most

unfavorable conditions as in this way the signifioa of the rest examining criteria is

underrated.
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10 Conclusions

The present report based on the development ankicapgn of a specific Multi
Criteria Decision Aid (MCDA) approach in order telect the best compromise
alternative schemes for the management of domsstid waste in Morocco. This
selection is based on the comparisons of alteremi@ccording to their performances

with respect to relevant social, environmentalaficial and technical criteria.

In most of the examined Schemes, the first stagards to the mechanical sorting of
waste while the second one includes the applicabbnbiological or thermal
treatment. Also, in almost all the alternative ngeraent Schemes, recovery of

ferrous and non-ferrous metals, glass, paper-ptasiachieved.

The obtained results show that Scheme 3: Collectiorecyclable materials in one
bin which, then, are transferred to Mechanical Recp Facility for the recovery of
glass, paper- plastics, Fe and non Fe metats in another bin the biodegradable
organics that are subjected to Composting while¢s&lues are disposed to Landfill,

is presented as the most favorable solution ircéise of Morocco.

Scheme 5a: Collection of mixed waste that is tremetl to a Mechanical Biological
Treatment, where Mechanical sorting (recovery akgl] Fe and non Fe metals, paper
and plastics that are forwarded to end users) disaweBiological treatment of the
sorted biodegradable organics through compostiegapplied and the residues are
disposed to landfill and Scheme 10: Collection ated waste that is transferred to
Primary Mechanical Sorting (recovery of Fe and Renmetals) and the remaining
combustible materials are subjected to Thermalrreat for energy recovery, are
ranked as the second and third preferable solytrespectively.

Schemes 6a, 13, 8a and 12 follow, presenting Iqmsitive efficiency level, while
the most unfavorable management scenarios refédretéschemes 4, 5b, 14, 6b, 8b
and 7b.
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