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1 Introduction  
 
The selection of an appropriate alternative management scheme for the management 

of domestic solid waste concerns different users such as authorities and residents. 

These users have their own objectives and priorities and it is possible that a good 

alternative for one user is not necessarily good for another user.  

 

Each alternative management scheme has its own consequences from a social, 

environmental, financial and technical point of view. Furthermore, the criteria used to 

determine these consequences are often contradictory and not equally important. A 

Multiple Criteria Decision method to aid in selecting the best compromise scheme for 

the treatment of domestic solid waste is presented in this work. The constitution of a 

set of alternatives schemes, the selection of a list of relevant criteria to evaluate these 

alternative schemes and the selection of the appropriate management systems are also 

presented and analyzed. Then, a plan for the effective management of the domestic 

solid waste generated in Morocco was developed. In particular, the type of 

management systems as well as the number of the corresponding 

facilities/installations were set, taking into consideration the i. ranking of all the 

alternative management systems as obtained from the application of the multi criteria 

analysis, ii. quantities of domestic solid waste that is generated at local, regional and 

national level in the country, iii. Population density of each area of the country  
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2 Choice of an appropriate Multi-criteria Decision Analysis (MCDA) method 

2.1 General Description 

Several methodologies exist for multi-criteria decision aiding. There are no better or 

worse techniques, but techniques better suited to particular decision problems than 

others.  

 

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

carrying out the selection of an appropriate MCDA method in order to solve the 

problem under study. The choice of a certain MCDA method cannot be decided at the 

beginning of the process. This decision should wait until the analyst and the Decision 

Makers (DMs) understand the problem, the feasible alternatives, different outcomes, 

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

 

It is generally believed that outranking methods are well suited for energy and 

environmental planning issues. They provide deep insight into the structuring of the 

problem, they model realistically the DMs preference structure and they could treat 

the uncertainty of the required information through probability distributions, fuzzy 

sets, and threshold values inclusion. On the other hand, some of them (e.g., 

ELECTRE III) are considered to be complicated and therefore are not easily 

understood by DMs.  

 

In this study, the PROMETHEE method was selected because of its simplicity and its 

capacity to approximate the way human mind expresses and synthesizes preferences 

in front of multiple contradictory decision perspectives. PROMETHEE method 

belongs to the wider family of the outranking methods. Here, the most important of 

the underlying concepts are presented. 

 

2.2 The PROMETHEE method 

2.2.1 Principles 

As all outranking methods, PROMETHEE proceeds to a pair of-wise comparison of 

alternatives in each single criterion in order to determine partial binary relations 

denoting the strength of preference of an alternative a over alternative b. The 

evaluation table is the starting point of the PROMETHEE method. In this table, the 
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alternatives are evaluated on the different criteria. These evaluations involve 

essentially quantitative data.   

 

The implementation of PROMETHEE requires two additional types of information, 

namely: 

�  information on the relative importance (i.e. the weights) of the criteria 

considered; 

�  information on the decision-maker’s preference function, which he/she uses 

when comparing the contribution of the alternatives in terms of each separate 

criterion. 

 

2.2.2 The weights 

The weights can be determined according to various methods. In the present work, 

weight factors reflecting the DMs previous experience and their insights are adopted.    

 

2.2.3 The preference function 

The preference function (Pj) translates the difference between the evaluations 

(i.e.,scores) obtained by two alternatives (a and b) in terms of a particular 

criterion,into a preference degree ranging from 0 to 1. Let 

Pj(a,b)=Gj[f j(a)-fj(b)], (1) 

0�  Pj(a,b) �  1, (2) 

be the preference function associated to the criterion, fj(i) where Gj is a nondecreasing 

function of the observed deviation (d) between fj(a) and  fj(b). 

 

In order to facilitate the selection of a specific preference function, six basic types 

have been proposed, usual function, U-shape function, V-shape function, level 

function, linear function and Gaussian function (see Table 1).  
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Table 1: Preference functions of Promethee 

 

 

2.2.4 Individual group analysis 

PROMETHEE permits the computation of the following quantities for each 

alternative a and b: 

� r(a,b)= 
1

k

j �
� Pj(a,b)wr,j, 

� +(� )=� x� A � r(x,a), (3) 

� -(� )=� x� A � r(a,x), 

� (� )= � +(� )- � -(� ) 

 

For each alternative a, belonging to the set A of alternatives, � (a,b) is an overall 

preference index of a over b, taking into account all the criteria, � +(� ) and � -(� ). � (� ) 

represents a value function, whereby a higher value reflects a higher attractiveness of 

alternative a and is called net flow. 

 

The two main PROMETHEE tools can be used to analyse the evaluation problem: 

�  the PROMETHEE I partial ranking, 

�  the PROMETHEE II complete ranking. 
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The PROMETHEE I partial ranking provides a ranking of alternatives. In some cases, 

this ranking may be incomplete. This means that some alternatives cannot be 

compared and, therefore, cannot be included in a complete ranking. This occurs when 

the first alternative obtains high scores on particular criteria for which the second 

alternative obtains low scores and the opposite occurs for other criteria. The use of 

PROMETHEE I then suggests that the decision-maker should engage in additional 

evaluation efforts. PROMETHEE II provides a complete ranking of the alternatives 

from the best to the worst one. Here, the net flow is used to rank the alternatives. 

 

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

sensitivity of the results in function of weight changes. 

 

3 Evaluation criteria 

An important step in a decision analysis is one in which the DM structure the 

hierarchy of the criteria. In this phase, a complex group criteria problem is 

decomposed into sub-criteria (Figure 1). The criteria which are used in this research 

fall into the following four categories: social, environmental, financial and technical 

criteria. Under these four categories totally 18 different evaluation criteria are defined. 

These include both quantitative and qualitative measures. The criteria used for the 

purposes of the project are described analytically below:   

the groups of criteria (social-institutional, environmental, economic and technical) as 

well as the individual criteria were set specifically for the purposes of the project, 

since they focus on the examination of systems for the management of waste 

(adaptation of the multi-criteria method to the subject under examination). 

 

Criteria Hierarchy

Environmental Financial TechnicalSocial

S1 S2 S3 S4 E1 E2 E3 E4 E5 E6 F1 F2 F3 F4 T1 T2 T3 T4

 

Figure 1: Criteria hierarchy for management schemes of domestic waste in Morocco.  
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�  (S1) Harmonization with the existing legislative framework: informing on the 

degree each type of scheme is harmonized with the existing legislative 

framework of Morocco. The criterion is measured on a (1-10) scale which is 

defined below: 

Complete harmonization 10 

Partial harmonization 5 

No harmonization 1 

 

�   (S2) Application of priorities of legislation: the adopting of priorities of 

Morocco environmental policy is examined and more specifically in the first 

phase the recovery of materials for recycling or/and reuse and in second phase 

the utilization of waste for energy production. The criterion 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 acceptance: the degree of the social acceptance of the proposed 

management practice is examined. The criterion is measured 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 

 

�   (S4) Possibilities of creation of new job: the possibility for labor’s absorption 

is tested according to the demands which will arise from the application of the 

proposed management scheme. The criterion is measured on 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 extent 7 
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Creation of new job positions to a limited extent 4 

No creation of new job positions 1 

�   (E1) Level of possible environmental impacts-demands on anti-pollution 

systems: assessing the degree of possible environmental impacts from the 

alternative management system in combination with the demands and use of 

anti-pollution systems for prevention or/and minimization of these impacts. 

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

Environmental impacts to an insignificant extent 8 

Environmental impacts to a limited extent 4 

Environmental impacts to a great extent 1 

 

�   (E2) Air emissions: air emissions vary in proportion the management method 

and the specific technique which is followed. Particular attention is given in 

those which generate negative impacts to the environment and the public 

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

Significant air emissions and odors (controlled) 3 

Limited air emissions and odors (controlled) 6 

Insignificant (minimum) air emissions and odors (controlled) 8 

 

�   (E3) Generation of wastewater: Management practices are diversified 

according to this criterion. Furthermore, particular attention is given to the 

negative impacts to the environment and also the public health. The criterion 

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

Significant production of wastewater (controlled) 3 

Limited production of wastewater (controlled)  6 

Insignificant (minimum) production of wastewater (controlled)  9 

 

�   (E4) Production of solid waste-residues: possible generation of solid waste 

from the management techniques is examined. The criterion is measured on a 

(1-10) scale which is defined below: 

Significant production of solid waste-residues (controlled) 1 

Limited production of solid waste-residues (controlled) 5 

Insignificant (minimum) production of solid waste-residues (controlled) 9 
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�   (E5) Noise pollution: is a factor which should be taken into account at the 

design of management practices. Furthermore, noise pollution which is 

caused during the transport of the waste to the management area should also 

be taken into consideration. The criterion is measured on a (1-10) scale which 

is defined below: 

Minimum noise pollution  9 

Limited noise pollution 7 

Relatively high noise pollution 4 

Extreme noise pollution 1 

 

�   (E6) Visual nuisance: depends on the necessary mechanical equipment which 

is needed as well as from the requirements for additional infrastructure. The 

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

Low visual nuisance 9 

Relatively low visual nuisance  7 

Moderate visual nuisance  4 

High visual nuisance  1 

 

�   (F1) Total investment cost: is among the top factors as regards the viability of 

the management practise. This criterion acquires additional value if part of the 

total investment cost is defrayed by the citizens. The 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 cost: includes expenses for the maintenance 

of schemes, labor cost, auxiliary supplies, antilitter technology, control and 

surveillance of the scheme, waste transport etc. The criterion is measured on a 

(1-10) scale which is defined below: 

Low operation-maintenance cost 9 

Moderate operation-maintenance cost  7 

Relatively high operation-maintenance cost 4 



 9

High operation-maintenance cost 1 

 

�   (F3) Land requirement: management practises are diversified notably as 

regards this criterion in proportion the required area is needed for the 

installation of the mechanical equipment as well as the auxiliary 

infrastructures. The criterion is measured on a (1-10) scale which is defined 

below: 

High land cost  1 

Relatively high land cost 3 

Lack of land 1 

Moderate land cost 7 

Low land cost 9 

 

�  (F4) Production of useful secondary materials: is a factor which should be 

taken into account at the design of management practices. Significant income 

will be derived from the quantity as well as the quantity of the production of 

secondary materials. Moreover, the absorption and the utilization of these will 

reduce at a great extent the need for the production of virgin materials. The 

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

Low production of useful secondary materials   1 

Moderate production of useful secondary materials   4 

Relatively high production of useful secondary materials   7 

High production of useful secondary materials   10 

 

�   (T1) Functionality: parameters such as the possibility of constant operation, 

requirements in expertise personnel, facility in maintenance, simplicity in 

operation, endurance (durability) of mechanical equipment both at time and at 

wear etc. are examined in this criterion. The criterion is measured on a (1-10) 

scale which is defined below: 

High functionality 9 

Relatively high functionality 7 

Moderate functionality 5 

Low functionality 3 
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Very low functionality  1 

 

�   (T2) Existing experience-reliability: plays an important role especially when 

the insertion of new technology is required. The criterion 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 conditions: the effectiveness and the viability of 

each scheme is depended swiftly from the geographical and other 

characteristics in issue area such as the available waste quantities for 

management and the minimum required capacity. The criterion is measured 

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

High adaptability 10 

Relatively high adaptability 7 

Moderate adaptability  5 

Low adaptability  3 

Very low adaptability  1 

 

�   (T4) Flexibility: the possibility of the alternative schemes to the potential 

variations in quantity and in composition of the waste is examined. The 

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

High flexibility  10 

Relatively high flexibility  7 

Moderate flexibility 5 

Low flexibility 3 

Very low flexibility 1 
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4 Criteria weights 

The most important step in multi-criteria evaluation methods is the assignment of 

weights, since weights reflect the relative importance of the various impacts 

considered. PROMETHEE does not provide specific guidelines for determining these 

weights, but assumes that the decision-maker is able to weigh the criteria 

appropriately, at least when the number of criteria is not too large. In this research, 

firstly, weights are defined for each group of criteria and secondarily weights are 

defined for every criterion in the group. The final weights are arisen after the 

multiplication of every criterion weight with the group weight that it belongs. The 

determination of the criteria weight coefficients was based on: 

i. the experience of the working team of the NTUA in relative applications. 

ii.  The opinion/suggestions of all the Moroccan actors involved in the field 

such as Ministries (Ministry of Regional Planning, Water and Environment 

of Morocco, Ministry of Higher Education, Executive Training and 

Scientific Research, Ministry of Health-Delegation de la Province d’ El 

Jadida, companies, the Association of self- employment ANNAMAE, the 

National Association of Environment and of Sustainable Development, the 

Regional Office of Agricultural Development of Doukkala and Local 

Authorities). 

 Table 2 presents the weights of the criteria group, the weights of every single 

criterion in the group as well as the final weights.              
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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 framework (S1) 30.00% 4.50% 

Application of priorities of legislation (S2) 30.00% 4.50% 

Social acceptance (S3) 25.00% 3.75% 

Possibilities of new job positions (S4) 15.00% 2.25% 

Subtotal 100.00% 15.00% 

Environmental 30.00% Level of possible environmental impacts (E1) 25.00% 7.50% 

Air emissions (E2) 20.00% 6.00% 

Production of wastewater (E3) 20.00% 6.00% 

Production of solid waste (E4) 20.00% 6.00% 

Noise pollution (E5) 10.00% 3.00% 

Aesthetic harmful effect (E6) 5.00% 1.50% 

Subtotal 100.00% 45.00% 

Financial 30.00% Total investment cost (F1) 35.00% 10.50% 

Operation and maintenance cost (F2) 30.00% 9.00% 

Land requirement (F3) 15.00% 4.50% 

Production of secondary materials 20.00% 6.00% 

Subtotal 100.00% 75.00% 

Technical 25.00% Functionality (T1) 25.00% 6.25% 

Existing experience-reliability (T2) 30.00% 7.50% 

Adaptability in the local conditions (T3) 25.00% 6.25% 

Flexibility (T4) 20.00% 5.00% 

Subtotal 100.00% 100.00% 

 Total 100.00% 
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5 Schemes/ Scenarios Description  

For the purposes of the project, the following eighteen alternative management 

schemes/systems are examined. 

 

1. Scenario/Scheme 1 (Landfill)  

Scheme 1 regards the collection of waste and their deposition to landfill. Under no 

circumstances this scheme is suggested. It is used as benchmark in order to evaluate 

the performance of other alternative management schemes as well as because it is 

used as management scheme in lot of countries.      

 

2. Scenario/Scheme 2 (Collection in one bin of recyclable materials)�  

Material Recovery Facility - MRF (recovery of glass, paper- plastics, Fe and 

non Fe metals) and in another the remaining waste� Landfill) 

In this scheme wastes, usually bagged, are placed by tenants in two separate 

containers: one for recyclable materials (paper, glass, plastics and metals) and one for 

the rest residual waste (consisting mainly of biodegradable organics). The recyclable 

materials are transferred to a Material Recovery Facility (MRF) where recovery of 

glass, ferrous and non-ferrous metals, paper and plastics is achieved while the residual 

waste is conveyed to landfill. Scheme 2 is presented in Figure 2.      
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Source Separated Materials

Recovery of Paper

Recovery of Metals

Recovery of Glass

Recovery of Plastics

Residues 

Landfill

Recyclable materials (Metals, 
Plastics, Paper, Glass)

Non-Recyclable materials 
(mainly biodegrable-organics)

Material Recovery Facility

Figure 2: Schematically presentation of scheme 2.        

 

3. Scenario/Scheme 3 (Collection in one bin of recyclable materials)�  MRF 

(recovery of glass, paper- plastics, Fe and non Fe metals) and in another bin 

the biodegradable��� � Composting and Residues� Landfill) 

The domestic waste is placed by tenants in two separate containers: one for recyclable 

materials (paper, glass, plastics and metals) and one for the rest waste (consisting 

mainly of biodegradable organics), as in Scheme 2.  The difference between Schemes 

2 and 3 is that in Scheme 3 the biodegradable organics is sent for composting. During 

the composting, the waste is turned to aid the degradation process and it achieves 

maximum temperatures. The off-gases from the composting process are piped to a 

biofilter before being emitted to atmosphere. The bio-stabilized output is passed 

through a refining process to remove any residue of glass and other unwanted 

impurities. These contaminants are sent to landfill while the undersized particles form 

the ‘compost’ product.  
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Source Separated Materials

Recovery of Paper

Recovery of Metals

Recovery of Glass

Recovery of Plastics

Residues 

Landfill

Recyclable materials (Metals, 
Plastics, Paper, Glass)

Non-Recyclable materials 
(mainly biodegrable-organics)

Material Recovery Facility Composting

Air & Water

Biofilter

Off gases

Compost Screening

Compost 

 

Figure 3: Schematically presentation of scheme 3.        

 

4. Scenario/Scheme 4 (Collection of mixed waste)�  Mechanical Sorting 

(recovery of glass, paper- plastics, Fe and non Fe metals) and the remaining 

waste�  Landfill) 

The first stage of Schemes 4 to 8 regards the mechanical sorting of mixed waste. For 

this reason, it will be described analytically in this Scheme and it will be applied to all 

these alternative management schemes.     

 

The mechanical step includes the sorting and recovery of recyclable materials as well 

as the removal of contaminants and components which impede the technological 

process. The whole waste is fractionated into two or more fractions defined by 

material qualities, which are then handled specifically.   
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The incoming waste is visually inspected on a tipping floor to remove unwanted and 

oversized items before it is shredded. It is then screened to remove oversized 

materials from the process. In parallel, a fraction of glass is recovered. The oversized 

fraction is further shredded. This shredded material waste is sent for air classification. 

In air classification of shredded mixed MSW, the paper and plastic materials tend to 

be concentrated in the light fraction, while metals and other materials are the principal 

components of the heavy fraction. After the air separation, the output is screened by 

electromagnetic and eddy-current separators to recover ferrous and non-ferrous metals 

respectively. The remained fraction as well as the light fraction from air separation is 

used as combustible materials.   

 

The undersized fraction is moreover screened. Concurrently, a glass fraction is further 

recovered. A second stage of air classification takes place. Similarly, light fraction 

(consists of paper and plastics) is also added to the combustible fraction. 

Subsequently, the output is further screened by electromagnetic and eddy-current 

separators to recover ferrous and non-ferrous metals respectively.   

 

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

organics).  
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Waste Input

Screening 1
(e.g. trommels)

Air separation Plastics & Paper

Magnetic 
separation

Recovery of Ferrous metals

Eddy current 
separation

Recovery of non-Ferrous 
metals

Combustible Material

Screening 2
(e.g. trommels)

Air separation Plastics & Paper

Magnetic 
separation

Recovery of Ferrous metals

Eddy current 
separation

Recovery of non-Ferrous 
metals

Residues/Biodegradable

Mechanical Sorting

Recovery of Glass

Recovery of Glass

Shredding

Manual removal of bulky items

Landfill

Shredding

Oversized

Undersized

Oversized

U
nd

er
si

ze
d

Figure 4: Schematically presentation of scheme 4.        

 

5. Scenario/Scheme 5a (Collection of mixed waste)��� �  Mechanical Biological 

Treatment): Mechanical sorting (recovery of glass, Fe and non Fe metals, 

paper- plastics to end users), Biological treatment: Biodegradable fraction �  

Composting and Residues� Landfill)  
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Mechanical Biological Treatment (MBT) technology comprises mechanical and 

biological process steps and their combinations. The concept of Scheme 5a is 

schematically presented in Figure 5. It can be applied as a stand-alone system or 

combined with other technologies, especially with incineration (Scheme 5b). MBT 

becomes more and more an integral part of a material flow management system, 

where all recyclable components of the mixed waste are separated to such an extent, 

which is economically suitable and environmentally sound.  

 

In this scenario, the first phase concerns the Mechanical Sorting of mixed waste. This 

mechanical step is analytically described in the previous scheme. The discrepancy of 

this scenario from the previous one is that the remainder fraction is further utilized. 

More specifically, the fine fraction from the pre-processing mechanical stage is 

composted for a period of time. During the composting, the waste is turned to aid the 

degradation process and it achieves maximum temperatures. The off-gases from the 

composting process are piped to a biofilter before being emitted to atmosphere. The 

bio-stabilized output is passed through a refining o to remove glass, stones and other 

unwanted oversized materials. These contaminants are sent to landfill while the 

undersized particles form the ‘compost’ product. This is stored (uncovered or partially 

covered) before being used.  

In this scenario, the combustible materials are sent to end users.  



 19

Screening 1
(e.g. trommels)

Air separation Plastics & Paper

Magnetic 
separation

Recovery of Ferrous metals

Eddy current 
separation

Recovery of non-Ferrous 
metals

Combustible Material

Screening 2
(e.g. trommels)

Air separation Plastics & Paper

Magnetic 
separation

Recovery of Ferrous metals

Eddy current 
separation

Recovery of non-Ferrous 
metals

Organics

Mechanical Sorting

Recovery of Glass

Recovery of Glass

Shredding

Composting Off 
gases

Air &
Water

Biofilter

Compost 
Screening Residues

Oversized

Undersized

Compost

Maturation stage

Biological Treatment

Waste Input

Manual removal of bulky items

Shredding

Oversized

Undersized

Oversized

U
nd

er
si

ze
d

Shredding

Landfill

 

Figure 5: Schematically presentation of scheme 5a.        



 20

6. Scenario/Scheme 5b (Collection of mixed waste)��� �  Mechanical Biological 

Treatment): Mechanical Sorting (recovery of glass, Fe and non Fe metals, 

paper- plastics (combustible materials��� �  Thermal treatment), Biological 

treatment: Biodegradable fraction �  Composting and Residues� Landfill) 

This scenario resembles with the previous one (scheme 5a). More analytically, the 

first stage (mechanical sorting) and the second stage (biological treatment via 

composting) are the same. The main difference is the utilization of the combustible 

materials for energy recovery through its thermal treatment. This conducted to the 

differentiation of these two schemes (Schemes 5a and 5b) as they are evaluated with 

dissimilar scores to the various criteria (social, environmental, financial and 

technical).         

 

7. Scenario/Scheme 6a (Collection of mixed waste�  Mechanical Biological 

Treatment): Mechanical Sorting (recovery of glass, Fe and non Fe metals, 

paper- plastics ��� �  to end users), Biological treatment: Biodegradable fraction 

�  Anaerobic Digestion and residues� Landfill) 

The first stage of this scenario, referring to the mechanical sorting of the mixed waste, 

is the same as in Schemes 4, 5a and 5b. The difference is observed in the application 

of the biological stage (anaerobic digestion).      

 

In this Scheme, the finer materials are sent for further screening which separates the 

residues and fine organics from the coarse organics. The coarse organics are shredded 

and sent directly to the digestion plant. The residues and fine organics are passed 

through a hydrocyclone, which separates them. The sand is sent to landfill while the 

fine organics are sent to the digestion plant. In the digestion plant, the organics are 

mixed with hot water before entering the digester. The produced biogas is sent to gas 

engine while the digestate is dewatered before it is sent to landfill. The concept of 

scheme 6a is schematically given in Figure 6.      

 
In this scenario, the overall combustible fraction is sent to end users.  
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8. Scenario/Scheme 6b (Collection of mixed waste)�  Mechanical Biological 

Treatment): Mechanical Sorting (recovery 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 specifically, the first stage (mechanical 

sorting) and the second stage (biological treatment via anaerobic digestion) are the 

same. The difference is the utilization of the combustible materials that are recovered 

for energy recovery via their thermal treatment. As mentioned above, this conducted 

to the differentiation of these two schemes (scheme 6a and 6b) as they are estimated 

with other scores to the various criteria (social, environmental, financial and 

technical).         

 

9. Scenario/Scheme 7a (Collection of mixed waste�  Mechanical Biological 

Treatment): Mechanical Sorting (recovery of glass, Fe and non Fe metals, 

paper- plastics (combustible materials ��� �  to end uses)), Biological treatment: 

Biodegradable fraction �  Combination of Anaerobic Digestion and 

Composting with Green waste and Residues� Landfill)    

This Scheme differentiates from Scheme 6a to the fact that the biodegradable organics 

are subjected to biological treatment (combination of anaerobic digestion and 

composting) with green waste. This practice results in more efficient treatment of the 

waste as well as in reduced residues which are disposed to landfill. Also, the time for 

the development of the composting and maturation process is decreased significantly. 

Moreover, the quality of the end product is high (complete destruction of the pathogen 

microorganisms). The concept of Scheme 7a is presented in Figure 7.      

 
In this scenario, the overall RDF fraction is sent to end users.  
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Figure 7: Schematically presentation of scheme 7a.         
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10. Scenario/Scheme 7b (Collection of mixed waste)�  Mechanical Biological 

Treatment): Mechanical Sorting (recovery 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 Residues� Landfill) 

This scenario resembles with the previous one (Scheme 7a). The first stage 

(mechanical sorting) and the second stage (biological treatment via anaerobic 

digestion and composting with green waste) are the same. The main difference is the 

utilization of the recovered combustible materials for energy recovery via the 

application of thermal treatment. This conducted to the differentiation of these two 

schemes (Schemes 7a and 7b) as they are evaluated with dissimilar scores to the 

various criteria (social, environmental, financial and technical).         

 

11. Scenario/Scheme 8a (Collection of mixed waste� Biodrying, Mechanical 

sorting (recovery of Fe and non Fe metals), Solid Recovered Fuel (SRF) ��� �  to 

end users 

As a special scheme, the biological drying technology (Figure 8) has to be mentioned. 

The main objective of the biological drying technology is the production of a 

combustible material called “dry-stabilate” (also referred as Solid Recovered Fuel -

SRF). For this purpose, both windrow and box systems are applied. In box systems, 

the waste is treated aerobically for only one week, but with high aeration rates. The 

result is a dried material with a slightly reduced organic content. Only the most easily 

degradable compounds are metabolised, so that the loss of caloric value is low. The 

dry-stabilate can be fractionated very easily, because adhesive substances were 

eliminated in the bio-process. Ferrous and non-ferrous metals, as well as glass and 

minerals are separated for material recovery. The remaining material has a calorific 

value of 15–18 MJ/kg, mainly due to the high content of plastics, wood, and paper.  

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

 

12. Scenario/Scheme 8b (Collection of mixed waste� Biodrying, Mechanical 

sorting (recovery of Fe and non Fe metals) (SRF��� �  Thermal treatment)   

The difference between Schemes 8a and 8b is that in the second one, the produced 

SRF fraction is utilized for energy recovery through thermal treatment. This 

conducted to the differentiation of these two Schemes (Scheme 8a and 8b) as they are 

estimated with dissimilar scores to the various criteria (social, environmental, 

financial and technical).         

 

13. Scenario/Scheme 9 (Collection of mixed waste)� Mass Burn Incineration 

with energy recovery  

Scheme 9 includes the mass burn incineration of waste which is the simplest, the 

oldest and commercially proven way of converting waste to energy. By this 

technology, only a minimum preprocessing such as the removal of large items, 

hazardous waste and metals, is applied (mainly for preventing jamming and 

equipment damage). Therefore waste fuel consists of combustible and non-

combustible materials in varying proportions. Due to the variety of components in the 
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waste fuel, a heating value of mass burning can range between 6,500 kJ/kg and 12,000 

kJ/kg.  

 

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

(recovery of Fe and non Fe metals), remaining (residual) waste ��� �  

Incineration)  

The first stage of Schemes 10-12 regards to a primary mechanical sorting of the 

mixed waste (sorting and recovery of ferrous and non-ferrous metals). More 

analytically, the incoming waste is visually inspected on a tipping floor to remove 

unwanted and oversized items (via manual separation) before its shredding. Then, the 

shredded waste is subjected to magnetic separation where recovery of ferrous metals 

is achieved. Subsequently, the output is further screened by eddy current separators to 

recover non-ferrous metals.   

 

The last stage of this scheme regards the thermal treatment of the remained (residual) 

fraction of waste via incineration. In this way, complete destruction of the organic 

constituents to form harmless gases is achieved. The main advantages of the 

incineration process are: reduction of waste volume up to 90% and waste weight up to 

75%, no methane gas generation and energy generation. Moreover, harmful items 

including flammable, infectious and toxic items, which could cause contamination 

when buried in the landfill, can be treated in the incineration. On the other hand, 

disadvantages of the waste incineration are: higher cost than other waste treatment 

technologies, low level of recovering of recyclable materials, air emissions’ problems 

and generation of secondary waste such as bottom and fly ash that require appropriate 

management. The concept of Scheme 10 is schematically given in Figure 9.   
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Figure 9: Schematically presentation of scheme 10. 

         

15. Scenario/Scheme 11 (Collection of mixed waste�  Mechanical Sorting 

(recovery of Fe and non Fe metals), remaining (residual) waste ��� �  Pyrolysis)  

In this scheme, the first phase concerns the primary mechanical sorting of the mixed 

waste. This mechanical step is analytically described in the previous scheme. The 

difference of this scenario from the previous one is that the waste fraction remaining 

after the primary mechanical sorting is subjected to a different type of thermal 

treatment, pyrolysis.  

 

Pyrolysis is the degassing of wastes in the absence of oxygen, during which pyrolysis 

gas and a solid coke are formed. In general, the temperature of the pyrolysis stage is 

between 400 °C and 700 °C. The possibility of recovering the material value of the 

organic fraction e.g. as methanol as well as the possibility of increased electrical 

generation using gas engines or gas turbines for generation are some of the potential 

advantages of pyrolysis. The concept of Scheme 10 is schematically given in Figure 

10.   
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Figure 10: Schematically presentation of scheme 11.         

 

16. Scenario/Scheme 12 (Collection of mixed waste�  Mechanical Sorting 

(recovery of Fe and non Fe metals), remaining (residual) waste ��� �  

Gasification)  

In this scheme, the first stage regards the primary mechanical sorting of the mixed 

waste. This comprises the application of the process described in Scheme 10. The 

difference of this Scheme from the Schemes 10 and 11 is the utilization of the 

remaining waste after primary mechanical sorting (thermal treatment via gasification).   

 

Gasification is a thermochemical process that generates a gaseous, fuel rich product 

reacted with steam or combusted with air or pure oxygen. Gasification with air results 

in a nitrogen-rich, low quality fuel gas. Gasification with pure oxygen results in a 

higher quality mixture of carbon monoxide and hydrogen and virtually no nitrogen. 

Gasification with steam is more commonly called “reforming” and results in a 

hydrogen and carbon dioxide rich “synthetic” gas (syngas). Figure 11 presents 

schematically Scheme 12.  
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Figure 11: Schematically presentation of Scheme 12.         

 

17.  Scenario/Scheme 13 (Autoclave/ Mechanical Processing)  

Scheme 13 refers to a relatively new technology. This process is significantly 

different from the others that are described above and it involves several steps.  

 

More specifically, after minimal pre-processing, the wastes are shredded and ferrous 

metals are removed by magnets. The pre-processing would involve removing 

materials that are too bulky or otherwise unsuitable for the shredder. These partially 

processed wastes are then fed to an autoclave to kill any pathogens. The autoclave 

subjects the wastes to high temperature under high pressure for a sufficient length of 

time to kill all the bacteria and pathogens that might be in the waste.  

 

Non-ferrous metals are then removed after the wastes leave the autoclave and the 

waste stream passes through a grinder to produce an end product (called “fluff”) 

which, as the name implies, is a light, dry downy material. The fluff is relatively 

homogeneous and has a high organics content, although it also contains all the glass 
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and plastics (and other non-organic materials not removed by the ferrous and non-

ferrous metal separators) that were in the original waste stream. These materials are 

apparently ground so fine that they are not visibly detectable in the end product.  Fluff 

can be successfully used to improve the fertility of barren soils, and is experimenting 

with its use as a raw material for extruded composite timber. 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. Ethanol fermentation is a biological process 

in which organic material is converted by microorganisms to simpler organic 

compounds of a low molecular weight.   

 

The first stage of the process regards to the mechanical sorting (to remove recyclables 

and contaminants) of the mixed waste. More analytically, the incoming waste is 
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visually inspected on a tipping floor to remove unwanted and oversized items (via 

manual separation) before shredding. The shredded material waste is subjected to air 

classification. In air classification of shredded mixed MSW, paper and plastic 

materials are concentrated in the light fraction, while metals and other materials are 

the principal components of the heavy fraction. After the air separation, the output is 

screened by electromagnetic and eddy-current separators to recover ferrous and non-

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

 

Then, the material is processed through vessels using various systems for the purpose 

of hydrolysis (breaking down of organics to simpler compounds). Depending on the 

technology, this may achieved through high temperature conditions, acid treatment 

and/or high pressure. Then, the hydrolysed organics are subjected to fermentation by 

yeast to produce ethanol and carbon dioxide. The ethanol is then purified through 

distillation and/or filtration to produce the desired fuel-grade quality ethanol. The 

produced solid materials can be sent to landfill or can be thermally treated. The 

concept of scheme 14 is schematically provided in Figure 13.   
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Figure 13: Schematically presentation of Scheme 14.         
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6 Performance of alternative management schemes  

In this section the performance of alternative management schemes is presented. This 

performance is an extremely difficult and strenuous task as a wrong estimation will 

result in false results as well as in disorientation from the best compromise 

management option. Each criterion was quantified according to its performance for 

each alternative scenario and in specific, its actual performance was compared to the 

criterion’s calibration set, scale form 1 (the most unfavorable) to 10 (the most 

favorable cases). The quantification of the criteria was finalized by the working 

groups of the beneficiary and the partner, after discussions which had the beneficiary 

with the Moroccan actors involved in the field (the same actors that had contribution 

in the weighing of criteria). 

 

6.1 Performance of alternative management schemes in Social Criteria  

Harmonization with the existing legislative framework (S1) 

Schemes 2 and 9 are partially harmonized with the existing legislative framework. For 

this reason, these schemes are evaluated with score 5. Furthermore, schemes 8a, 13 

and 14 approaches the above (2, and 9), but it is believed that they are ‘slightly better’ 

harmonized with the existing legislative framework than those and that is the reason 

why they are scored with 6. Moreover, scheme 4 is less harmonized than the 

aforementioned schemes and as a result it is estimated with score 4. On the other 

hand, scheme 3 approaches complete harmonization with the existing legislative 

framework. Consequently, is estimated with score 9. Furthermore, schemes 5b, 6b, 

7b, 10, 11 and 12 are appraised with score 8 because they abstain much longer from 

the complete harmonization than scheme 3. Schemes 5a, 6a, 7a and 8b are evaluated 

with score 7 because they abstain much longer from the complete harmonization than 

5b, 6b, 7b, 10, 11, 12 and certainly scheme 3. Finally, scenario 1 provides no 

harmonization and as a result is estimated with score 2. Table 3 presents the 

performance of alternative management schemes in the criterion which regards the 

harmonization with the existing legislative framework.            
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Table 3: Performances of alternative management schemes in the criterion that 

regards the harmonization with the existing legislative framework.   

Alternative Management 

Schemes 

Social Criteria 

Harmonization with the existing legislative 

framework (S1) 

Scheme 1 1 

Scheme 2 5 

Scheme 3 9 

Scheme 4 4 

Scheme 5a 7 

Scheme 5b 8 

Scheme 6a 7 

Scheme 6b 8 

Scheme 7a 7 

Scheme 7b 8 

Scheme 8a 6 

Scheme 8b 7 

Scheme 9 5 

Scheme 10 8 

Scheme 11 8 

Scheme 12 8 

Scheme 13 6 

Scheme 14 6 

  

Application of priorities of legislation (S2) 

In accordance with the provisions of the principles of the European environmental 

policy on waste, priority must be given to the application of the three R management 

practices (Recovery, Reuse, Recycling). Schemes 3 and 7b provide almost complete 

application of legislation and for this reason they are estimated with score 9 while 

schemes 5b, 6b, 7a and 8b approach complete application and as a result they are 

evaluated with score 8. Schemes 5a, 6a, 8a and 13 are appraised with score 7 because 

they abstain much longer from the complete application than the aforementioned 

schemes. As mentioned above, priority is given to the recovery of materials for 
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recycling or/and reuse and in second phase the utilization of waste for energy 

production. Consequently, schemes 10, 11, 12 and 14 approximate partial application 

and as result are appraised with score 6 while schemes 2 and 9 are evaluated with 

score 5.  

 

Moreover, the performance of scheme 4 is between partial application and application 

in low level (because recyclable materials can be recovered but on the other hand a 

significant portion of waste ends to landfill) and as a result is estimated with score 4. 

Lastly, scheme 1 is entirely opposite with the guidelines.  Hence, the performance of 

scheme 1 is set to 1. Table 4 presents the performance of alternative management 

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

 

Table 4: Performances of alternative management schemes in the criterion that 

regards the application of priorities of legislation.   

Alternative Management 

Schemes 

Social Criteria 

Application of priorities of legislation (S2) 

Scheme 1 1 

Scheme 2 5 

Scheme 3 9 

Scheme 4 4 

Scheme 5a 7 

Scheme 5b 8 

Scheme 6a 7 

Scheme 6b 8 

Scheme 7a 8 

Scheme 7b 9 

Scheme 8a 7 

Scheme 8b 8 

Scheme 9 5 

Scheme 10 6 

Scheme 11 6 

Scheme 12 6 

Scheme 13 7 

Scheme 14 6 
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Social acceptance (S3) 

Social acceptance depends on many factors such as the current management practice 

of waste, the sensitivity as well as the comprehension level of the problems that 

pertain to waste, the education system, the financial difference among the candidate 

management practices, the environmental impacts etc. Usually, the problem of 

acceptance is observed in occasions where new technologies are to be applied. 

Schemes 13 and 14 receive no social acceptance because of lack of informing. Hence 

they are evaluated with score 3 and 2 respectively. On the other hand, schemes that 

regard the landfill of significant portion of waste (scheme 4) and the mass burn 

incineration (scheme 9) receive performance between partial social acceptance and 

social acceptance because of a lack of informing. As a result they are evaluated with 

score 4.  

 

The significant financial difference of scheme 7b among the other schemes as well as 

the lack of informing has led to the ‘poor’ performance of this scheme with score 5. 

Scheme 2 is also estimated with score 5 because it offers partial social acceptance.  

 

Financial as well as lack of informing are the reasons that schemes 6b, 7a and 8b are 

estimated with relatively ‘poor’ performance (score 6) in this criterion. Furthermore, 

citizens are familiar enough to the utilization of the remainder fraction of mixed waste 

(after the recovery of ferrous and non-ferrous metals) in an incineration plant but they 

are not accordant to that. Consequently, scheme 10 is also estimated with score 6.  

 

On the other hand schemes 6a (recovery of glass, Fe and non Fe metals, paper-plastics 

�  to end users, Biodegradable fraction �  Anaerobic Digestion and 

residues� Landfill), 8a (Biodrying, recovery of Fe and non Fe metals and SRF�  to 

end users), 11 (recovery of ferrous and non ferrous metals and thermal treatment of 

the remained fraction via pyrolysis) and 12 (recovery of ferrous and non ferrous 

metals and thermal treatment of the remained fraction via gasification) seem more 

favorable than the previous ones. For this reason these schemes are evaluated with 

score 7.      

 

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

with score 8 and 9 respectively. Scheme 3 enjoys the privilege of social acceptance. 
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Consequently, its performance is set to 10. Finally, scheme 1 receives no social 

acceptance after informing and for this reason is evaluated with score 1. Table 5 

presents the performance of alternative management schemes in the criterion which 

regards the social acceptance.    

 

Table 5: Performances of alternative management schemes in the criterion that 

regards social acceptance.  

Alternative Management 

Schemes 

Social Criteria 

Social acceptance (S3) 

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 (S4) 

The possibility for labor’s absorption is tested according to the demands which will 

arise from the application of the proposed management scheme. For example, the 

personnel that is required for the fulfillment of schemes 5a, 6a, 8b, 10, 11 and 12 is 

significantly higher than the personnel required for the fulfillment of scheme 2. As a 

result, schemes 5a, 6a, 8b, 10, 11 and 12 are evaluated with score 8 while scheme 2 
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with score 4. Schemes 5b, 6b and 7a obviously require more personnel than schemes 

5a, 6a, 8b, 10, 11 and 12. Consequently, the performance of schemes 5b, 6b and 7a to 

this criterion is estimated with score 9. The creation of new job positions for the 

operation of scheme 7b will be to a great extent and for this reason this scheme is 

estimated with score 10.  

 

Schemes 3 and 8a require more personnel than scheme 4, 9, 13 and 14. Consequently, 

the performance of schemes 3 and 8a to this criterion is estimated with score 7 

whereas the performance of schemes 4, 9, 13 and 14 is evaluated with score 6.  

 

Lastly, scheme 1 approaches no creation of new job positions. Hence it is scored with 

2. Table 6 presents the performance of alternative management schemes in the 

criterion which regards the possibilities of new job positions.    

 

Table 6: Performances of alternative management schemes in the criterion that 

regards the possibilities of new job positions.   

 

Alternative Management 

Schemes 

Social Criteria 

Possibilities of new job positions (S4) 

Scheme 1 2 

Scheme 2 4 

Scheme 3 7 

Scheme 4 6 

Scheme 5a 8 

Scheme 5b 9 

Scheme 6a 8 

Scheme 6b 9 

Scheme 7a 9 

Scheme 7b 10 

Scheme 8a 7 

Scheme 8b 8 

Scheme 9 6 

Scheme 10 8 

Scheme 11 8 
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Scheme 12 8 

Scheme 13 6 

Scheme 14 6 

      

Table 7 summarizes the performances of alternative candidate management schemes 

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

Alternative Management 

Schemes 

Social Criteria 

Harmonization with the existing  

legislative framework (S1) 

Application of priorities of 

legislation (S2) 

Social acceptance 

(S3) 

Possibilities of new job 

positions (S4) 

Scheme 1 1 1 1 2 

Scheme 2 5 5 5 4 

Scheme 3 9 9 10 7 

Scheme 4 4 4 4 6 

Scheme 5a 7 7 9 8 

Scheme 5b 8 8 8 9 

Scheme 6a 7 7 7 8 

Scheme 6b 8 8 6 9 

Scheme 7a 7 8 6 9 

Scheme 7b 8 9 5 10 

Scheme 8a 6 7 7 7 

Scheme 8b 7 8 6 8 

Scheme 9 5 5 4 6 

Scheme 10 8 6 6 8 

Scheme 11 8 6 7 8 

Scheme 12 8 6 7 8 

Scheme 13 6 7 3 6 

Scheme 14 6 6 2 6 
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6.2 Performance of alternative management schemes in Environmental Criteria  

Level of possible environmental impacts (E1) 

The scheme 1 provokes significant environmental impacts. Consequently, scheme 1 is 

evaluated with score 2. On the other hand schemes 2, 4 and 9 cause environmental 

impacts to a limited extent. As a result they are scored with 4. Moreover, schemes 5b, 

6b and 8b approach the above (2, 4, 9), but they are ‘slightly better’ (which means that 

they cause ‘lower’ environmental impacts) than those and that is the reason why they 

are scored with 5. Schemes 7b, 10 and 14 have less environmental effects, so they are 

scored with 6. Furthermore, schemes 3, 5a, 6a, 8a, 11, 12 and 13 compared to others, 

approach to the scheme that has insignificant environmental impacts. Thus, they 

receive score 7. finally, the scheme which has environmental impacts to an 

insignificant extent, is 7a and for that reason it is scored with 8. Table 8 presents the 

performance of alternative management schemes in the criterion which regards the 

level of possible environmental impacts.  

 

Table 8: Performances of alternative management schemes in the criterion that 

regards the level of possible environmental impacts. 

Alternative Management 

Schemes 

Environmental Criteria 

Level of possible environmental  

Impacts  (E1) 

Scheme 1 2 

Scheme 2 4 

Scheme 3 7 

Scheme 4 4 

Scheme 5a 7 

Scheme 5b 5 

Scheme 6a 7 

Scheme 6b 5 

Scheme 7a 8 

Scheme 7b 6 

Scheme 8a 7 

Scheme 8b 5 

Scheme 9 4 
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Scheme 10 6 

Scheme 11 7 

Scheme 12 7 

Scheme 13 7 

Scheme 14 6 

 

Air emissions (E2) 

In this criterion the possibly impact of the process on air is examined. Emissions to air 

from thermal waste treatment plants are regulated in accordance with the European 

Waste Incineration Directive (EU-WID). This means that the processes are not 

permitted to release more than the regulated amounts of emissions to atmosphere. 

Moreover, all technologies that treat waste will produce Green House Gases (GHG) 

either via the waste treatment itself or as a result of the management of the raw waste 

and/or process residues. The greenhouse gases released from a process can be 

determined from the actual quantities of emission of carbon dioxide (CO2), nitrous 

oxide (N2O) and methane (CH4).  

 

To determine the net GHG burden as a result of utilising a particular technology, one 

would have to consider, on the one hand, the GHG releases associated with the waste 

treatment process itself, any fossil fuel used in the process, as well as the GHG 

emissions that are associated with waste preparation and residue management. On the 

other hand, one would have to assess the GHG savings associated with the recycling 

of recovered materials such as paper, glass, metals and compost (which avoids the use 

of processes to produce the virgin material that would generate GHG) and the 

recovery of energy from the waste (which avoids fossil fuel use). Generally, MBT and 

BMT technologies (schemes 5a, 5b, 6a, 6b, 7a, 7b, 8a and 8b) recover various 

recyclables materials from the waste. The level of recycling associated with these 

types of processes is typically higher than that associated with the thermal waste 

treatment technologies. Therefore, the avoidance of GHG emissions associated with 

the production of virgin materials is usually highest for these technologies. For this 

reason, these schemes are evaluated with higher scores. On the other hand, odors that 

produced from this processes are significant.  
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Comparing thermal treatment technologies, it can be said that incinerators are not 

usually geared to further recover recyclables, other than metals recovered from the 

bottom ash. On the other hand pyrolysis and gasification systems are configured to 

utilize the syngas in gas engines. As a result, they produce more energy per tonne of 

waste than incineration. This configuration also results in lower CO2 generation. For 

this reason, schemes 11 and 12 are estimated with higher scores than schemes 9 and 

10. More specifically, scheme 11 is estimated with score 7, scheme 12 with score 6 

while schemes 9 and 10 are estimated with 4 and 5 respectively. Scheme 12 (recovery 

of Fe and non Fe metals, remaining waste �  Gasification) has higher demands in 

fuel (as a result of higher temperatures) than scheme 11 (recovery 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 produce insignificant air emissions 

compared with thermal treatments. As a result, schemes 5b, 6b, 7b and 8b which 

comprise and thermal treatment of the produced RDF are evaluated with lower scores 

than schemes 5a, 6a, 7a and 8a which regard its disposal to end users. As a result, 

schemes 5b, 6b, 7b and 8b are evaluated with scores 5, 6, 4 and 5 respectively. To 

continue with, schemes 5a, 6a, 7a and 8a are estimated with scores 7, 8, 6 and 7 

respectively. Schemes 3 and 14 provoke limited air emissions and odors to the 

environment, so they are estimated with score 6. Moreover, scheme 4 approaches the 

above schemes (3 and 14) that cause limited air emissions and odors and thus is 

scored with 5. On the other hand, schemes 1 and 2 are evaluated with scores 3 and 4 

respectively because they cause significant air emissions (production of CH4) and 

odors, which generate negative impacts to the environment and the public health. 

Table 9 presents the performance of alternative management schemes in the criterion 

which regards air emissions. 

 

Table 9: Performances of alternative management schemes in the criterion that 

regards air emissions. 

Alternative Management 

Schemes 

Environmental Criteria 

Air emissions (E2) 

Scheme 1 3 

Scheme 2 4 
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Scheme 3 6 

Scheme 4 5 

Scheme 5a 7 

Scheme 5b 5 

Scheme 6a 8 

Scheme 6b 6 

Scheme 7a 6 

Scheme 7b 4 

Scheme 8a 7 

Scheme 8b 5 

Scheme 9 4 

Scheme 10 5 

Scheme 11 7 

Scheme 12 6 

Scheme 13 8 

Scheme 14 6 

 

Production of humid waste (E3) 

At this point production of humid waste is to be examined. Liquid effluents can only 

be discharged to sewer or groundwater if an appropriate consent is granted, which 

introduces regulatory issues and additional costs. Treatment may be necessary prior to 

discharge. The biggest concerns relate to leaching of toxic compounds into the soil 

and into the groundwater. Take-up by vegetables from the soil and ingestion of 

pollutants by grazing animals which find their way into meat and milk is a potentially 

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

 

An advantage shared by most new incineration technologies and some pyrolysis & 

gasification processes is that they do not generate any liquid effluent, either because 

no water is used or because it is recycled within the process. For this reason schemes 

9 (regards mass burn incineration), 10 (recovery of Fe and non Fe metals, remaining 

waste �  Incineration), 11 (recovery of Fe and non Fe metals, remaining waste �  

Pyrolysis) and 12 (recovery of Fe and non Fe metals, remaining waste �  

Gasification) are estimated with 7, 8, 8 and respectively. Furthermore, schemes 7a and 



 45

13 approach the aforementioned schemes that cause insignificant production of humid 

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

 

On the other hand, MBT processes that have a maturation area for preparing humus 

will also have a liquid run-off that will need to be managed. Closer to the limited 

production of humid waste stand schemes 3, 5a, 7b and 8a thus they are estimated 

with score 7. It is also shown that schemes 5b, 6a, 8b and 14 provoke limited 

production of humid waste and so does scheme 6b which approaches them. 

Consequently, schemes 5b, 6a, 8b and 14 are scored with 6, while scheme 6b is scored 

with 5. On the other hand, schemes 1, 2 and 4 are evaluated with score 4, because they 

approach to schemes that would provoke significant production of humid waste and 

have negative impacts to the environment and public health. Table 10 presents the 

performance of the alternative management schemes concerning the criterion of the 

production of wastewater. 

  

Table 10: Performances of alternative management schemes in the criterion that 

regards the production of wastewater. 

Alternative Management 

Schemes 

Environmental Criteria 

Production of wastewater (E3) 

Scheme 1 4 

Scheme 2 4 

Scheme 3 7 

Scheme 4 4 

Scheme 5a 7 

Scheme 5b 6 

Scheme 6a 6 

Scheme 6b 5 

Scheme 7a 8 

Scheme 7b 7 

Scheme 8a 7 

Scheme 8b 6 

Scheme 9 7 

Scheme 10 8 
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Scheme 11 8 

Scheme 12 8 

Scheme 13 8 

Scheme 14 6 

 

Production of solid waste (E4) 

In this criterion the possible generation of solid waste from the management 

techniques is examined. In general, all the thermal waste treatment processes produce 

solid residues. Pyrolysis and gasification technologies can produce various solid 

residues or products depending on the specific configuration of the implemented 

process, but these are more likely to be suitable for reuse, than the residues from the 

incineration process, which then avoids the environmental impacts of residue 

disposal. This approach can also help to augment materials recovery. As a result, 

Schemes 9 and 10 are estimated with lower scores than Schemes 11 and 12. More 

specifically, schemes 9 and 10 are evaluated with score 4 and 6, respectively, while 

Schemes 11 and 12 are estimated with score 7 and 8, respectively.  

 

MBT and BMT processes produce combustible material and a low quantity of solid 

residues. The residues are inert materials rejected in the mechanical sorting and in the 

separation stage of the process. These materials are usually landfilled. Schemes 5b, 

6b, 7b and 8b will produce higher fraction of solid residues (from the thermal 

treatment of the combustible materials) than 5a, 6a, 7a and 8a will. As a result, 

Schemes 5a, 6a, 7a and 8a are rated with score 7, 6, 8 and 7, respectively while 5b, 6b, 

7b and 8b are graded with score 6, 5, 7 and 6, respectively. Schemes 13 and 14 are 

expected to produce medium quantities of solid waste – residue and therefore are 

scored with 7. Scheme 3 is estimated to lead to the production of insignificant 

quantities of solid waste-residue and consequently, is rated with score 9. On the other 

hand, Scheme 1 is expected to produce a significant amount of solid waste-residue 

and as a result it is scored with 1. Finally, Schemes 2 and 4 presents the same 

characteristics concerning the production of solid waste and therefore, they are scored 

with 4 and 3, respectively. Table 11 presents the performance of the alternative 

management schemes for the criterion regarding the production of solid waste-

residue.  
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Table 11: Performances of alternative management schemes in the criterion that 

regards production of solid waste-residue. 

Alternative Management 

Schemes 

Environmental Criteria 

Production of  solid waste-residue (E4) 

Scheme 1 1 

Scheme 2 4 

Scheme 3 9 

Scheme 4 3 

Scheme 5a 7 

Scheme 5b 6 

Scheme 6a 6 

Scheme 6b 5 

Scheme 7a 8 

Scheme 7b 7 

Scheme 8a 7 

Scheme 8b 6 

Scheme 9 4 

Scheme 10 6 

Scheme 11 7 

Scheme 12 8 

Scheme 13 7 

Scheme 14 7 

 

Noise pollution (E5) 

Noise pollution is a significant factor that should be examined at the design of 

management practices. There is potential for nuisance from any process for the 

treatment of the municipal solid waste (MSW). Although nuisance can be a problem 

for technologies treating MSW, these can be managed through a combination of good 

housekeeping and selection of process systems that have incorporated adequate 

counter measures. All of the processes under consideration will have some noisy 

equipment. Especially, technologies that incorporate a significant mechanical element 

are usually most intrusive in terms of noise pollution. Such systems require more 
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onsite vehicular movements to recover materials for storage or to load recyclable 

materials for transport offsite, higher vehicular movements to and from the plant and 

the operation of some mechanical processing outside the process buildings.  

 

It is considered that scheme 1 approaches to the minimum noise pollution and it is 

evaluated with score 8. Furthermore, schemes 2, 3, 4, 5a, 6a, 8a, 9, 13 and 14 are 

thought to provoke limited noise pollution and they are scored with 7. To continue 

with, schemes 7a, 10, 11 and 12 approach the aforementioned schemes and thus they 

are estimated with score 6. On the other hand, scheme 7b is considered to cause a 

relatively high noise pollution as well as schemes 5b, 6b and 8b which are closer to 

scheme 7b. As a result they are estimated with score 4 and 5 respectively. Table 12 

presents the performance of alternative management schemes in the criterion which 

regards noise pollution. 

 

Table 12: Performances of alternative management schemes in the criterion regarding 

noise pollution 

Alternative Management 

Schemes 

Environmental Criteria 

Noise pollution (E5) 

Scheme 1 8 

Scheme 2 7 

Scheme 3 7 

Scheme 4 7 

Scheme 5a 7 

Scheme 5b 5 

Scheme 6a 7 

Scheme 6b 5 

Scheme 7a 6 

Scheme 7b 4 

Scheme 8a 7 

Scheme 8b 5 

Scheme 9 7 

Scheme 10 6 

Scheme 11 6 
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Scheme 12 6 

Scheme 13 7 

Scheme 14 7 

 

Aesthetic harmful effect (E6) 

 Aesthetic harmful effect depends on the necessary mechanical equipment which is 

needed as well as from the requirements for additional infrastructure. No scheme can 

provide a pure and pleasant aesthetic condition. Quite often, the visual impact of a 

facility is linked to the type of technology chosen since this will directly influence the 

plant height, footprint and the height of the stack required. For example, the height of 

the stack on thermal waste treatment plants is determined by the amounts and 

composition of the emitted flue gases – which vary from process to process. 

Subsequently, large scale incinerators (e.g. moving grate and fluidised bed 

technologies) process data is very well documented and the stack heights associated 

with these two types of technologies are well established. The stacks are tall in both of 

these systems because of the large amounts of excess air required for the combustion 

process and hence the large volumes of flue gases. Fluidised bed incinerators are 

better than moving grate incinerators in this respect because the technology 

necessitates stricter control of the quantity of fluidisation air used.  

 

On the other hand, because of the various configurations of the pyrolysis and 

gasification technologies that are promoted, the heights of the emissions stack can be 

vastly different. When pyrolysis/gasification is coupled to an external combustion 

chamber, the height of the stack can be nearly as tall as an incinerator of similar size. 

When the pyrolysis and gasification processes are coupled to gas engines or gas 

turbines there is no stack: the flue gases are vented through a short exhaust pipe. 

Because of the various designs that are already mentioned, schemes 11 (recovery of 

Fe and non Fe metals, remaining waste �  Pyrolysis) and 12 (recovery of Fe and non 

Fe metals, remaining waste �  Gasification) are estimated with higher scores than 

schemes 9 (Mass burn incineration) and 10 (recovery 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 digestion, the biogas produced is utilised in 

gas engines, thus relatively small exhaust pipes can be used. A safety feature that is 

generally required on AD plants is a flare. This is required to burn any vented biogas 

in case of shutdown of engines or during plant start-up. Thus flaring units are likely to 

be visible above the profile of the plant buildings and are likely to increase the visual 

impact of this type of MBT plant. For MBT utilising a composting technology only a 

small exhaust pipe is required to remove CO2 and water vapour generated in the 

digestion process. 

 

As a result schemes 6a, 6b, 7a, and 7b are estimated with lower scores according to 

the schemes 5a and 5b. More analytically schemes 6a, 6b, 7a, and 7b are estimated 

with 6, 4, 5 and 3 respectively while 5a and 5b with 7 and 5 respectively. From the 

aforementioned scores it should be noted that 5a, 6a and 7a are estimated with higher 

scores than 5b, 6b and 7b. This is due to the fact that thermal treatment of the 

recovered combustible material has a negative impact to the aesthetic nuisance. 

Schemes 8a and 13 present low aesthetic nuisance and they are estimated with score 

6. On the other hand, Scheme 2 approaches the performance of Schemes 4, 8b and 14 

which cause a moderate aesthetic nuisance and consequently, Scheme 2 is evaluated 

with score 5, while schemes 4, 8b and 14 are rated with score 4. Scheme 3 presents 

very low aesthetic nuisance and it is scored with 8. Finally, Scheme 1 presents very 

high aesthetic nuisance and therefore it is scored with 1. Table 13 presents the 

performance of all the alternative management schemes for the criterion regarding to 

the aesthetic nuisance effect. 

 

Table 13: Performances of alternative management schemes in the criterion regarding 

the aesthetic harmful effect 

Alternative Management 

Schemes 

Environmental Criteria 

Aesthetic harmful effect (E6) 

Scheme 1 1 

Scheme 2 5 

Scheme 3 8 

Scheme 4 4 

Scheme 5a 7 



 51

Scheme 5b 5 

Scheme 6a 6 

Scheme 6b 4 

Scheme 7a 5 

Scheme 7b 3 

Scheme 8a 6 

Scheme 8b 4 

Scheme 9 2 

Scheme 10 4 

Scheme 11 5 

Scheme 12 5 

Scheme 13 6 

Scheme 14 4 

 

Table 14 summarizes the performances of alternative candidate management schemes 

as regards environmental criteria.    
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Table 14: Performances of alternative candidate management schemes in environmental criteria.  
 

Alternative 
Management 

Schemes 

Environmental Criteria 

Level of possible 
environmental 
impacts (E1) 

Air emissions 
(E2) 

Production of 
wastewater waste 

(E3) 

Production of  solid 
waste-residue (E4) 

Noise pollution 
(E5) 

Aesthetic harmful 
effect (E6) 

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 schemes in Financial Criteria  

Total investment cost (F1) 

Total investment cost is among the top factors as regards the viability of the 

management practise. An economic comparison is always an essential part of any 

Technology Options Review. But it must be cautioned that comparing the costs of 

technologies between countries is often misleading since many local issues 

significantly affect costs.  

 

To begin with most of the incineration technologies are proven and well established. 

This means that there is less uncertainty associated with the capital costs for 

incinerators compared with less proven systems such as some of those utilising 

pyrolysis and gasification. However, the experience shows that these technologies 

follow the same trend. Taking into account the necessary additional equipment for the 

mechanical sorting Scheme 10 (recovery of Fe and non Fe metals, remaining waste 

�  Incineration), Scheme 11 (recovery of Fe and non Fe metals), remaining waste �  

Pyrolysis) and Scheme 12 (recovery of Fe and non Fe metals), remaining waste �  

Gasification) requires high investment cost. Consequently they are scored with 4. On 

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

 

Scheme 1 as well as Schemes 2 and 4 have a relatively low total investment cost. As a 

result Scheme 1 is scored with 9 and Schemes 2 and 4 with score 8. Schemes 3 and 13 

requires moderate total investment cost, thus they are rated with score 7. Furthermore, 

Schemes 5a and 14 are closer to the Schemes 3 and 13 (moderate total investment 

cost) and they are scored with 6. Finally, Schemes 6a, 8a and schemes 5b, 7a require  

high total investment cost and consequently they are scored with 5 and 4, 

respectively. Finally, total investment cost of Schemes 6b, 8b and 7b is significantly 

higher than the aforementioned Schemes. Hence, they are scored with 3, 3 and 2, 

respectively. Table 15 presents the performance of the alternative management 

schemes for the criterion regarding total investment cost. 
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Table 15: Performances of alternative management schemes for the criterion 

regarding total investment cost 

Alternative Management 

Schemes 

Financial Criteria 

Total investment cost (F1) 

Scheme 1 9 

Scheme 2 8 

Scheme 3 7 

Scheme 4 8 

Scheme 5a 6 

Scheme 5b 4 

Scheme 6a 5 

Scheme 6b 3 

Scheme 7a 4 

Scheme 7b 2 

Scheme 8a 5 

Scheme 8b 3 

Scheme 9 7 

Scheme 10 4 

Scheme 11 4 

Scheme 12 4 

Scheme 13 7 

Scheme 14 6 

 

Operation and maintenance cost (F2) 

Operation and maintenance cost includes the expenses that are necessary for the 

efficient operation as well as for the maintenance of the equipment of the treatment 

installations. Scheme 1 is estimated to require low operation-maintenance cost and 

thus it is rated with score 9.  Schemes 2, 3 and 13 present low to moderate demands 

on operation-maintenance cost and as a result, they are scored with 8.  On the other 

hand, Schemes 5a, 10, 11, 12 and 14 are considered to have a moderate operation-

maintenance cost, so they are scored with 7. Moreover, Schemes 4, 5b, 6a, 8a and 9 

have similar performance with the previous ones (moderate operation-maintenance 

cost) and thus, they are scored with 6. Schemes 6b, 7a, 8b as well as scheme 7b 
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present relatively high operation-maintenance cost and hence, they are rated with 

score 5, 5, 5 and 4, respectively. Table 16 presents the performance of the alternative 

management schemes for the criterion which regards the operation and maintenance 

cost. 

 

Table 16: Performances of alternative management schemes for the criterion 

regarding operation and maintenance cost 

Alternative Management 

Schemes 

Financial Criteria 

Operation and maintenance cost(F2) 

Scheme 1 9 

Scheme 2 8 

Scheme 3 8 

Scheme 4 6 

Scheme 5a 7 

Scheme 5b 6 

Scheme 6a 6 

Scheme 6b 5 

Scheme 7a 5 

Scheme 7b 4 

Scheme 8a 6 

Scheme 8b 5 

Scheme 9 6 

Scheme 10 7 

Scheme 11 7 

Scheme 12 7 

Scheme 13 8 

Scheme 14 7 

 

Land requirement (F3) 

In this criterion land requirement for the installation of the equipment as well as the 

auxiliary infrastructures are examined. The size of the buildings to house the waste 

treatment facility is usually determined by the type of technology chosen as well as 

the capacity of the plant. Factors such as the volume of onsite storage of input waste 
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and products or residues; the extent of feed preparation; the size of the core 

technology; the gas cleaning requirements, energy recovery requirements and residue 

management are closely linked to the technology option. A low profile building is 

probably the most attractive in planning terms, but not all technologies can be housed 

in low profile structures.  

 

Firstly, Schemes 2 and 9 are considered to require a moderate land cost. As a result 

they are evaluated with score 7. Also, the performance of the Schemes 3, 10 and 13 is 

similar to the previous ones (they have a rather moderate land cost), thus they are 

scored with 6. On the contrary, Schemes 4, 6a, 8a and 14 present a moderate to 

relatively high land cost, so they are rated with score 5. Schemes 5a, 6b, 8b, 11 and 12 

present similar performance with the previous ones (4, 6a, 8a and 14) but the land 

requirement for these schemes is significantly higher. As a result, schemes 5a, 6b, 8b, 

11 and 12 are scored with 4. The space needed for the installations included in the 

alternative management Schemes 1, 5b, and 7a is significantly higher than all the 

aforementioned schemes and hence, they are rated with score 3. Finally, Scheme 7b is 

scored with 2, because it presents a high land cost. Table 17 presents the performance 

of the alternative management schemes for the criterion regarding land requirement. 

 

Table 17: Performances of alternative management schemes for the criterion 

regarding land requirement  

Alternative Management 

Schemes 

Financial Criteria 

Land requirement (F3) 

Scheme 1 3 

Scheme 2 7 

Scheme 3 6 

Scheme 4 5 

Scheme 5a 4 

Scheme 5b 3 

Scheme 6a 5 

Scheme 6b 4 

Scheme 7a 3 

Scheme 7b 2 
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Scheme 8a 5 

Scheme 8b 4 

Scheme 9 7 

Scheme 10 6 

Scheme 11 4 

Scheme 12 4 

Scheme 13 6 

Scheme 14 5 

 

Production of useful secondary materials (F4) 

Production of useful secondary materials is a factor which should be taken into 

consideration at the selection of management practices. Schemes 3, 7a and 7b lead to 

the production of high quantities of useful secondary materials and therefore, they are 

rated with score 9. Also, Schemes 8a and 8b lead to a rather high production of useful 

secondary materials, thus they are scored with 8. Furthermore, through Schemes 5a, 

5b, 6a, 6b and 13 a relatively high production of useful secondary materials is 

achieved and hence, they are scored with 7. Schemes 2, 11, 12 and 14 are closer to the 

previous ones (5a, 5b, 6a, 6b and 13) and for this reason, they are scored with 6. On 

the other hand, Schemes 10, 4 and 9 lead to a quite lower production of useful 

secondary materials in comparison to the others and they are rated with score 5, 4 and 

3 respectively. Finally, via Scheme 1, the lowest production of useful secondary 

materials is achieved and therefore, it is scored with 1. Table 18 presents the 

performance of the alternative management schemes for the criterion regarding the 

production of useful secondary materials. 

     

Table 18: Performances of alternative management schemes for the criterion 

regarding the production of useful secondary materials   

Alternative Management 

Schemes 

Financial Criteria 

Production of useful secondary materials  (F4) 

Scheme 1 1 

Scheme 2 6 

Scheme 3 9 

Scheme 4 4 
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Scheme 5a 7 

Scheme 5b 7 

Scheme 6a 7 

Scheme 6b 7 

Scheme 7a 9 

Scheme 7b 9 

Scheme 8a 8 

Scheme 8b 8 

Scheme 9 3 

Scheme 10 5 

Scheme 11 6 

Scheme 12 6 

Scheme 13 7 

Scheme 14 6 

 
Table 19 summarizes the performances of the alternative management schemes 

regarding the group of the economic criteria.    
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Table 19: Performances of alternative candidate management schemes in financial criteria.  

Alternative Management 

Schemes 

Financial Criteria 

Total investment cost  

(F1) 

Operation and  

maintenance cost(F2) 

Land requirement  

(F3) 

Production of useful 

secondary materials  (F4) 

Scheme 1 9 9 3 1 
Scheme 2 8 8 7 6 
Scheme 3 7 8 6 9 
Scheme 4 8 6 5 4 
Scheme 5a 6 7 4 7 
Scheme 5b 4 6 3 7 
Scheme 6a 5 6 5 7 
Scheme 6b 3 5 4 7 
Scheme 7a 4 5 3 9 
Scheme 7b 2 4 2 9 
Scheme 8a 5 6 5 8 
Scheme 8b 3 5 4 8 
Scheme 9 7 6 7 3 
Scheme 10 4 7 6 5 
Scheme 11 4 7 4 6 
Scheme 12 4 7 4 6 
Scheme 13 7 8 6 7 
Scheme 14 6 7 5 6 
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6.4 Performance of alternative management schemes in Technical Criteria 

Functionality (T1) 

In this criterion, parameters such as constant and unobstructed operation, demands on 

expertise personnel and on maintenance of the equipment, simplicity in operation, life 

duration of the equipment are examined. Scheme 1 presents high functionality and 

therefore, it is rated with score 9. Schemes 2, 3 and 10 present a rather high 

functionality and as a result are scored with 8. Schemes 4 and 9 are estimated to 

present a relatively high functionality, thus they are scored with 7. Furthermore, 

Schemes 5b, 6b, 7a, 8a and 13 are considered to have moderate functionality as well 

as schemes 5a, 6a, 11, 12 which have a performance close to them. As a result they 

are rated with score 5 and 6, respectively. Moreover, Schemes 7b and 8b present a 

functionality between low and moderate levels and therefore, they are scored with 4. 

Finally, Scheme 14 is rated with score 3, since it presents the lowest performance. 

Table 20 presents the performance of the alternative management schemes for the 

criterion regarding functionality. 

 

Table 20: Performances of alternative management schemes for the criterion 

regarding functionality 

Alternative Management 

Schemes 

Technical Criteria 

Functionality (T1) 

Scheme 1 9 

Scheme 2 8 

Scheme 3 8 

Scheme 4 7 

Scheme 5a 6 

Scheme 5b 5 

Scheme 6a 6 

Scheme 6b 5 

Scheme 7a 5 

Scheme 7b 4 

Scheme 8a 5 

Scheme 8b 4 

Scheme 9 7 
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Scheme 10 8 

Scheme 11 6 

Scheme 12 6 

Scheme 13 5 

Scheme 14 3 

 

Existing experience-reliability (T2) 

Existing experience-reliability is examined as an individual criterion, since it plays an 

important role especially in the cases when the possible application of a new 

technology is taken into consideration. The existing reliability level of each 

technology can be assessed through the analysis of parameters such as the number of 

plants that operate efficiently in other countries, the time period for which the 

technology is used at large scale applications, the capacity of the installations that 

operate successfully etc.  

 

Incineration has the lowest risk of implementation compared to the other thermal 

treatment technologies, since it is a well-proven technology. On the contrary, 

pyrolysis and gasification are relatively new technologies with a low range of 

applications at large scale. 

 

Mechanical-Biological Treatment technology are applied in a wide range, since a 

significant number of facilities are in operation. The MBT technology can be 

optimised to produce compost, biogas and combustible material, while the BMT 

technologies are configured to produce Solid Recovered Fuel (SRF).  

 

The experience from applications of the technology that is included in Scheme 1 is 

very high and therefore, it is rated with score 10. Also, taking into consideration the 

aforementioned parameters, Schemes 2, 3, 9 and 10 are well established and hence, 

they are scored with 9. Scheme 4 presents relatively high existing experience and as a 

result, it is rated with score 8. Furthermore, the existing experience for the 

technologies included in Schemes 5a, 6a and 8a is relatively high and thus, these 

schemes are scored with 7. Following, the experience for the management Schemes 

5b, 6b, 7a, 8b and 12 is relatively high and therefore, they are rated with score 6. The 
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existing reliability for the management Schemes 7b and 11 approaches moderate 

levels and thus these schemes are scored with 5 and 4, respectively. The lowest 

existing experience is presented for the Schemes 13 and 14 and as a result, these 

Schemes are scored with 3 and 2, respectively. Table 21 presents the performance of 

the alternative management schemes for the criterion regarding the existing 

experience-reliability. 

 

Table 21: Performances of alternative management schemes for the criterion 

regarding the existing experience-reliability  

Alternative Management 

Schemes 

Technical Criteria 

Existing experience-reliability (T2) 

Scheme 1 10 

Scheme 2 9 

Scheme 3 9 

Scheme 4 8 

Scheme 5a 7 

Scheme 5b 6 

Scheme 6a 7 

Scheme 6b 6 

Scheme 7a 6 

Scheme 7b 5 

Scheme 8a 7 

Scheme 8b 6 

Scheme 9 9 

Scheme 10 9 

Scheme 11 4 

Scheme 12 6 

Scheme 13 3 

Scheme 14 2 

     

Adaptability to  the local conditions (T3) 

Through this criterion, the adaptability of each technology to the local conditions is 

examined. Scheme 1 has very high adaptability level to the local conditions, thus it is 
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scored with 9. Schemes 4, 5a, 6a, 8a, 10, 11 and 12 appear relatively high adaptability 

while Schemes 2, 3 and 9 present high adaptability. As a result, these two groups of 

Schemes are scored with 7 and 8, respectively. On the other hand, Schemes 7b and 13 

present moderate adaptability level as well as Schemes 5b, 6b, 7a and 8b. The first 

group of Schemes are scored with 5, while the second one with 6. Finally, Scheme 14 

presents the lowest adaptability level and thus it is scored with 3. Table 22 presents 

the performance of the alternative management schemes for the criterion regarding 

the adaptability to the local conditions. 

 

Table 22: Performances of alternative management schemes for the criterion 

regarding the adaptability to the local conditions 

Alternative Management 

Schemes 

Technical Criteria 

Adaptability to the local conditions (T3)  

Scheme 1 9 

Scheme 2 8 

Scheme 3 8 

Scheme 4 7 

Scheme 5a 7 

Scheme 5b 6 

Scheme 6a 7 

Scheme 6b 6 

Scheme 7a 6 

Scheme 7b 5 

Scheme 8a 7 

Scheme 8b 6 

Scheme 9 8 

Scheme 10 7 

Scheme 11 7 

Scheme 12 7 

Scheme 13 5 

Scheme 14 3 
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Flexibility (T4) 

In this criterion, the flexibility level of the technologies according to potential 

variations in the quantity and the composition of the waste is examined.  

Incineration can be applied for various capacities and therefore this technology is 

proven regarding the potential variations in quantity of the waste. Generally, it can be 

said that this technology is approaches a rather high flexibility and this is the reason 

why Schemes 9 and 10 are scored with 8. Also, Schemes 1, 2 and 4 present a rather 

high functionality compared to the other management schemes. Thus, they are scored 

with 9, 8 and 8, respectively.  

 

Pyrolysis and gasification technologies are not flexible in terms of variations in waste 

quantities and, mainly, in variations on waste composition. This is due to the fact that 

both processes must be carefully controlled in order to achieve the favourable 

conditions for their efficient and unobstructed application. Changes in waste volume, 

size or composition affect the process dynamics and these technologies usually 

require extensive feeding preparation and are most compatible with a homogenous 

pre-sorted feedstock. For this reason Schemes 11 and 12 are scored with 4 and 5, 

respectively.  

Biological systems present low flexibility on their own are regarding the variations in 

the waste composition. However, with a mechanical front-end, as is the case of MBT 

systems, the integrated process should be able to handle waste composition variations 

adequately. Additionally, MBT or BMT technologies which incorporate thermal 

treatment of recovered combustible materials (Schemes 5b, 6b, 7b and 8b) present 

lower flexibility level than MBT or BMT technologies which incorporate forwarding  

of the recovered combustible materials to end users. Taking into consideration all the 

aforementioned parameters, Scheme 5a is rated with score 7, while Schemes 5b and 

6a scored with 6. Moreover, Schemes 6b, 7a and 8a present moderate flexibility level 

and therefore, they are scored with 5, while Schemes 7b and 8b are rated with  slightly 

lower score, 4. Schemes 13 and 14 include relatively new technologies and therefore 

only few information are available related to their flexibility. Consequently, they are 

rated with score 4 and 3, respectively. Finally, Scheme 3 presents a rather high 

flexibility level and therefore, it is scored with 7. Table 23 presents the performance 

of the alternative management schemes for the criterion regarding flexibility.  
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Table 23: Performances of alternative management schemes for the criterion 

regarding flexibility  

Alternative Management 

Schemes 

Technical Criteria 

Flexibility (T4) 

Scheme 1 9 

Scheme 2 8 

Scheme 3 7 

Scheme 4 8 

Scheme 5a 7 

Scheme 5b 6 

Scheme 6a 6 

Scheme 6b 5 

Scheme 7a 5 

Scheme 7b 4 

Scheme 8a 5 

Scheme 8b 4 

Scheme 9 8 

Scheme 10 8 

Scheme 11 4 

Scheme 12 5 

Scheme 13 4 

Scheme 14 3 

 

Table 24 summarizes the performances of alternative management schemes regarding 

the group of technical criteria while Table 25 presents the performances of all the 

alternative management schemes for each of the above criteria and the conflicts 

emerging if schemes are ranked with respect to each single criterion. It is noted that 

alternative schemes presenting a high score in one criterion, may appear lower score 

regarding their performance for one or more other criteria. As a result, the complete 

achievement of all goals is not feasible and therefore, the DMs are obliged to find out 

a compromise solution reflecting the most acceptable balance between their 

competing aspirations. 
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Table 24: Performances of alternative candidate management schemes in technical criteria.  

Alternative Management 

Schemes 

Technical Criteria 

Functionality 

(T1) 

Existing experience-

reliability (T2) 

Adaptability in the 

local conditions (T3) 

Flexibility 

(T4) 

Scheme 1 9 10 9 9 
Scheme 2 8 9 8 8 
Scheme 3 8 9 8 7 
Scheme 4 7 8 7 8 
Scheme 5a 6 7 7 7 
Scheme 5b 5 6 6 6 
Scheme 6a 6 7 7 6 
Scheme 6b 5 6 6 5 
Scheme 7a 5 6 6 5 
Scheme 7b 4 5 5 4 
Scheme 8a 5 7 7 5 
Scheme 8b 4 6 6 4 
Scheme 9 7 9 8 8 
Scheme 10 8 9 7 8 
Scheme 11 6 4 7 4 
Scheme 12 6 6 7 5 
Scheme 13 5 3 5 4 
Scheme 14 3 2 3 3 
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Table 25: Performances of management schemes in social, environmental, financial and technical criteria 

Alternative 
Management 

Schemes 

Social Environmental Financial Technical 

(S1) (S2) (S3) (S4) (E1) (E2) (E3) (E4) (E5) (E6) (F1) (F2) (F3) (F4) (T1) (T2) (T3) (T4) 

Scheme 1 1 1 1 2 2 3 4 1 8 1 9 9 3 1 9 10 9 9 
Scheme 2 5 5 5 4 4 4 4 4 7 5 8 8 7 6 8 9 8 8 
Scheme 3 9 9 10 7 7 6 7 9 7 8 7 8 6 9 8 9 8 7 
Scheme 4 4 4 4 6 4 5 4 3 7 4 8 6 5 4 7 8 7 8 
Scheme 5a 7 7 9 8 7 7 7 7 7 7 6 7 4 7 6 7 7 7 
Scheme 5b 8 8 8 9 5 5 6 6 5 5 4 6 3 7 5 6 6 6 
Scheme 6a 7 7 7 8 7 8 6 6 7 6 5 6 5 7 6 7 7 6 
Scheme 6b 8 8 6 9 5 6 5 5 5 4 3 5 4 7 5 6 6 5 
Scheme 7a 7 8 6 9 8 6 8 8 6 5 4 5 3 9 5 6 6 5 
Scheme 7b 8 9 5 10 6 4 7 7 4 3 2 4 2 9 4 5 5 4 
Scheme 8a 6 7 7 7 7 7 7 7 7 6 5 6 5 8 5 7 7 5 
Scheme 8b 7 8 6 8 5 5 6 6 5 4 3 5 4 8 4 6 6 4 
Scheme 9 5 5 4 6 4 4 7 4 7 2 7 6 7 3 7 9 8 8 
Scheme 10 8 6 6 8 6 5 8 6 6 4 4 7 6 5 8 9 7 8 
Scheme 11 8 6 7 8 7 7 8 7 6 5 4 7 4 6 6 4 7 4 
Scheme 12 8 6 7 8 7 6 8 8 6 5 4 7 4 6 6 6 7 5 
Scheme 13 6 7 3 6 7 8 8 7 7 6 7 8 6 7 5 3 5 4 
Scheme 14 6 6 2 6 6 6 6 7 7 4 6 7 5 6 3 2 3 3 
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7 Indifference and preference thresholds 

The indifference threshold is set at 10% of the difference between the highest and 

lowest score while the preference threshold is set at 30% of the same difference. The 

indifference threshold denotes that if the difference in the performance of two 

scenarios a and b in a criterion is lower than this threshold, these are considered as 

equivalent (p(a,b)=0). The preference threshold denotes that strict preference 

(p(a,b)=1) of scenario a over scenario b holds only if the difference in their 

performance of scenario is higher than this threshold. Table 26 summarizes the 

criteria indifference and preference thresholds.  

 

Table 26: Indifference and preference thresholds of criteria 

Criteria 
Thresholds 

q p 

S1 0.8 2.4 

S2 0.8 2.4 

S3 0.9 2.7 

S4 0.8 2.4 

E1 0.6 1.8 

E2 0.5 1.5 

E3 0.4 1.2 

E4 0.8 2.4 

E5 0.4 1.2 

E6 0.7 2.1 

F1 0.7 2.1 

F2 0.5 1.5 

F3 0.5 1.5 

F4 0.8 2.4 

T1 0.6 1.8 

T2 0.8 2.4 

T3 0.6 1.8 

T4 0.6 1.8 
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8 Results  

Tables 27 present the results of the PROMETHEE II method for the candidate 

management schemes of MSW in Morocco with the utilization of linear function. 

 

Table 27: The results of the PROMETHEE II for candidate management schemes 

with the utilization of linear function 

Candidate schemes Positive flow (� +) Negative flow (� +) Net flow (� ) 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 5 

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 Figure 15 illustrates the complete ranking 

of the alternatives schemes from best to worst in terms of their net flow with the 

utilization of linear function. 
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Figure 14: PROMETHEE I partial ranking of the alternative candidate management schemes for the treatment of MSW in Morocco with the 

utilization of linear function. 
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Figure 15: PROMETHEE II complete ranking of the alternative candidate management schemes for the treatment of MSW in Morocco with the 
utilization of linear function (schemes are ranked from the most preferred on the extreme left hand side to the least preferred on the extreme right 
hand). 



 75

The indices shown in Table 27 and Figure 15 quantify the degree to which each 

scenario outranks (positive value) or is outranked (negative value) by the others and 

sum up to zero. The optimal balance among the social, environmental, financial and 

technical criteria is achieved by the candidate management scheme 3. More 

specifically, the priorities for the treatment of MSW are in the following order: 

scheme 3, scheme 5a, scheme 10, scheme 6a, scheme 13, scheme 2, scheme 8a, 

scheme 12, scheme 11, scheme 7a, scheme 9, scheme 1, scheme 4, scheme 5b, 

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

 

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

present the comparison of the eighteen candidate management schemes preference in 

proportion of different criteria. The scores are between +1 (being the best) and -1 

(being the worst). With these evaluations the strong and the weak sides of each 

management scheme are known in advance.   

 

 

Figure 16: Effect of every criterion on alternative management scheme 1   

 

Figure 16 shows that the social criteria (S1 – S4) as well as the environmental ones 

(E1 – E4, E6) have negative effect on alternative management scheme 1 except for the 

environmental criterion E5 which is relative with noise pollution that seems to have 

positive effect on alternative management scheme 1. Furthermore, financial criteria 

F1 – F2 (Total investment cost, Operation and maintenance cost) appear to have 

positive influence on management scheme 1, while criteria F3 and F4 (Land 

requirement, Production of secondary materials) are thought to have negative impacts 

on scheme 1. Finally, all technical criteria (T1 – T4) are believed to have positive 

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

 

In Figure 17 it is presented that the social criteria (S1 – S4) as well as the 

environmental ones (E1 – E4) have negative effect on alternative management scheme 

2, while the criteria related with noise pollution and aesthetic harmful effect (E5 – E6) 

have positive effect on management scheme 2. Moreover, the financial criteria (F1 – 

F3) seem to have positive influence on management scheme 2. However the criterion 

which is about the production of secondary materials appears to affect negatively 

management scheme 2.  Finally, all technical criteria (T1 – T4) are believed to have 

positive effect on scheme 2.        

 

 

Figure 18: Effect of every criterion on alternative management scheme 3  

 

From the comparison of Figures 16, 17 and 18 it is conducted that social criteria (S1 – 

S3) have positive effect on alternative management scheme 3, except for the social 

criterion S4 which is related with possibilities of new job positions that appear to be 

limited. It can be also seen that all environmental criteria have positive influence on 

management scheme 3. Finally, it is remarkable that all financial (F1 –F4) and 
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technical (T1 –T4) criteria have beneficial effect on alternative management scheme 

3. 

 
 

 

Figure 19: Effect of every criterion on alternative management scheme 4   

 

It is shown in Figure 19 that all social (S1 – S4) and the most environmental criteria 

(E1 – E4, E6) affect negatively the alternative management scheme 4. However, the 

criterion E5, related with noise pollution, contributes positively to management 

scheme 4. Furthermore, financial criteria F1 and F3 that regard the total investment 

cost and the land requirement appear to be rather beneficial to management scheme 4, 

while F2 and F4, which are related with the operation and maintenance cost and the 

production of secondary materials, have negative repercussion on alternative 

management scheme 4. Finally, all technical criteria have positive effect on 

management scheme 4, even though their total contribution is smaller than in the 

previous schemes.       

 

 

Figure 20: Effect of every criterion on alternative management scheme 5a 
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Figure 20 shows that social criteria S1 – S4 have positive effect on management 

scheme 5a and especially a satisfactory social acceptance. The condition is almost 

similar as far as the environmental criteria (E1 –E6) are concerned, as they appear to 

have beneficial effect on management scheme 5a. Furthermore, financial criteria F1, 

F2 and F4 have positive influence on management scheme 5a, while F3 that has to do 

with the land requirement affects negatively management scheme 5a. Finally, it is 

remarkable that the technical criterion T1 related to functionality has no effect on this 

scheme as well as the technical criterion T2 related to the existing experience-

reliability that appears a slight beneficial effect, while criteria T3 and T4 have positive 

influence on management scheme 5a. 

 
 

 
Figure 21: Effect of every criterion on alternative management scheme 5b   

 

In Figure 21 it is presented that all social criteria (S1 – S4) affect positively the 

alternative management scheme 5b. On the other hand, the environmental criteria (E1 

– E3, E5) have negative effect on this scheme, while criteria E4 and E6, which regard 

the production of solid outcast and aesthetic harmful effect respectively, appear to 

have an imperceptible positive effect on management scheme 5b. Furthermore, it is 

believed that financial criteria F1 – F3 affect negatively management scheme 5b, 

whereas criterion F4, regarding the production of secondary materials, has a slight 

beneficial impact on this scheme. Finally, technical criteria T1 – T3 have negative 

effect on the scheme, in contrast to criterion T4 (Flexibility) that appears an 

imperceptible beneficial effect on management scheme 5b.         
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Figure 22: Effect of every criterion on alternative management scheme 6a 

 

Figure 22 presents that social criteria (S1 – S4) have positive effect on the alternative 

management scheme 6a. This condition seems almost similar as far as the 

environmental criteria are concerned, as they appear to have beneficial effect on 

management scheme 6a except for criterion E3 which regards the production of 

humid waste that appears to affect negatively management scheme 6a. On the other 

hand, financial criteria divide in two, because those related to total investment cost 

and operation and maintenance cost (F1 – F2) have negative effect on the alternative 

management scheme 6a, while F3 and F4 which regard land requirement and 

production of secondary materials have positive effect on the scheme. Finally, 

technical criteria (T2 –T4) affect positively management scheme 6a except for T1 

which regards functionality and presents no effect on this scheme.   

 
 

 

Figure 23: Effect of every criterion on alternative management scheme 6b 

 

It is conducted by Figure 22 that social criteria (S1 – S4) have positive effect on the 

alternative management scheme 6b.  On the other hand, environmental criteria (E1, 

E3 – E6) appear to have negative effect on management scheme 6b except for 
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criterion E2 (air emissions) that affects positively management scheme 6b. It is worth 

mentioning that all technical (T1 –T4) and the most financial criteria (F1 – F3) have 

negative effect on the alternative management scheme 6b, except for the financial 

criterion F4, related to the production of secondary materials, which  has positive 

effect on the scheme. 

 

 

Figure 24: Effect of every criterion on alternative management scheme 7a 

 

It is shown in figure 24 that all social (S1 – S4) and the most environmental criteria 

(E1 – E4, E6) affect positively the alternative management scheme 7a. However, the 

criterion E5, related with noise pollution, has negative effect on management scheme 

7a. Furthermore, financial criteria F1 - F3 appear to affect management scheme 7a 

rather negatively, while criterion F4, which is related to the production of secondary 

materials, has beneficial impact on alternative management scheme 7a. Finally, all 

technical criteria have negative effect on management scheme 7a.       

 

 

Figure 25: Effect of every criterion on alternative management scheme 7b 

 

Figure 25 presents that social criteria (S1 – S2 and S4) have positive effect on 

management scheme 7b, while S3 regarding social acceptance has negative influence. 
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Furthermore, environmental criteria (E1, E3 - E4) affect positively the alternative 

management scheme 7b, while criteria E2, E5 and E6, which are related to air 

emissions, noise pollution and aesthetic harmful effect, affect negatively management 

scheme 7b. Moreover, financial criteria F1 - F3 appear to affect management scheme 

7b rather negatively, while criterion F4, which is related to the production of 

secondary materials, has beneficial impact on scheme 7b. Finally, all technical criteria 

have negative effect on management scheme 7a.       

 

 

Figure 26: Effect of every criterion on alternative management scheme 8a 

 

In Figure 26 it is presented that social criteria S1and S4 have negative effect on 

management scheme 8a, because there is no harmonization with the existing 

legislative framework and the possibilities of new job positions are limited. On the 

other hand social criteria S2 and S3 (application of priorities of legislation, social 

acceptance) have positive effect on management scheme 8a. Furthermore, all 

environmental criteria (E1 – E6) affect positively the alternative management scheme 

8a, but the financial criteria seem to divide in two, as F1 – F2 that regard total 

investment cost and operation and maintenance cost, appear to affect management 

scheme 7b rather negatively, while criteria F3 and F4, which are related to land 

requirement and production of secondary materials, have beneficial impact on scheme 

8a. Finally, technical criteria T1 and T4 have negative effect on management scheme 

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

 

It is presented in Figure 27 that social criteria (S1 – S4) have positive effect on the 

alternative management scheme 8b.  On the other hand, environmental criteria (E1 - 

E3 and E5 – E6) appear to have negative effect on management scheme 8b except for 

criterion E4 (production of solid outcast) that has small positive effect on 

management scheme 8b. It is worth mentioning that all technical (T1 –T4) and the 

most financial criteria (F1 – F3) have negative effect on the alternative management 

scheme 8b, except for the financial criterion F4, related to the production of secondary 

materials, which  has positive effect on the scheme. 

 

 

Figure 28: Effect of every criterion on alternative management scheme 9 

 

Figure 28 shows that social criteria (S1 – S4) have negative effect on the alternative 

management scheme 9. This condition seems almost similar as far as the 

environmental criteria are concerned, because criteria E1 – E2, E4 and E6 appear to 

affect negatively management scheme 9, except for criteria E3 and E5, regarding the 

production of wastewater and noise pollution respectively, which appear to have 

beneficial effect on management scheme 9. On the other hand, financial criteria divide 
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in two, because those related to total investment cost and land requirement (F1, F3) 

affect positively the alternative management scheme 9, while F2 and F4 which regard 

operation and maintenance cost and production of secondary materials have negative 

effect on the scheme. Finally, all technical criteria (T1 –T4) affect positively 

management scheme 9.   

 
 

 

Figure 29: Effect of every criterion on alternative management scheme 10 

 

In Figure 29 it is presented that social criteria S1and S3 - S4 have positive effect on 

management scheme 10, while criterion S2, which regards application of priorities of 

legislation, has negative effect on management scheme 10. Furthermore, 

environmental criteria E1, E3 and E4 appear to affect positively the alternative 

management scheme 10, even though E4 presents an imperceptible benefaction. To 

continue with, criteria E2, E5 and E6 (air emissions, noise pollution and aesthetic 

harmful effect respectively) seem to have rather negative effect on management 

scheme 10.  On the other hand, financial criteria F2 – F3 that regard operation and 

maintenance cost as well as land requirement, appear to affect management scheme 

10 positively, while criteria F1 and F4, which are related to total investment cost and 

production of secondary materials, have negative impact on scheme 10. Finally, all 

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

 

In Figure 30 it is presented that social criteria S1and S3 - S4 have positive effect on 

management scheme 11, while criterion S2 (application of priorities of legislation) 

has negative effect on management scheme 11. Furthermore, almost all environmental 

criteria E1 – E4 and E6 appear to affect positively the alternative management scheme 

11, except for criterion E5 for noise pollution that seems to have negative effect on 

management scheme 11.  On the other hand, financial criteria F1, F3 – F4 affect 

management scheme 11 negatively, while criterion F2, which is related to operation 

and maintenance cost, has beneficent effect on scheme 11. It is worth mentioning that 

technical criterion T1 (functionality) appears to have no effect on this scheme, while 

criteria T2 and T4 have negative effect on management scheme 11. Finally, criterion 

T3 about adaptability in the local conditions appears beneficial effect on management 

scheme 11.      

 

 

Figure 31: Effect of every criterion on alternative management scheme 12 

 

In Figure 31 it is shown that social criteria S1and S3 - S4 have positive effect on 

management scheme 12, while criterion S2 (application of priorities of legislation) 
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has negative effect on management scheme 12. Furthermore, almost all environmental 

criteria E1 – E4 and E6 appear to affect positively the alternative management scheme 

12, except for criterion E5 for noise pollution that seems to have negative effect on 

management scheme 12.  On the other hand, financial criteria F1, F3 and F4 affect 

management scheme 11 negatively, while criterion F2, which is related to operation 

and maintenance cost, has beneficent effect on scheme 12. It is worth mentioning that 

technical criterion T1 (functionality) appears to have no effect on this scheme, while 

criteria T2 and T4 have negative effect on management scheme 12. Finally, criterion 

T3 about adaptability in the local conditions appears beneficial effect on management 

scheme 12.      

 
 

 

Figure 32: Effect of every criterion on alternative management scheme 13 

 

Figure 32 shows that social criteria S1and S3 - S4 have negative effect on 

management scheme 13, while criterion S2 (application of priorities of legislation) 

has positive effect on management scheme 13. Furthermore, all environmental criteria 

E1 – E6 appear to affect positively the alternative management scheme 13. This 

condition is similar as far as the financial criteria are concerned, because all of them 

have beneficial effect on management scheme 13.  On the other hand, it is shown that 

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

 

It is presented in Figure 33 that all social criteria (S1 – S4) have negative effect on the 

alternative management scheme 14.  On the other hand, environmental criteria (E1 – 

E2 and E4 – E5) appear to have positive effect on management scheme 14 except for 

criteria E3 and E6 (production of humid waste and aesthetic harmful effect) that have 

negative effect on management scheme 14. It is worth mentioning that all technical 

(T1 –T4) affect negatively management scheme 14. Finally, financial criteria (F1 – 

F3) have positive effect on the alternative management scheme 14, except for the 

financial criterion F4, related to the production of secondary materials, which has 

negative effect on scheme 14. 
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9 Sensitivity Analysis 

The software tool that was applied for the purposes of the multi-criteria analysis 

provides the possibility of the processing of the results, through changing the weights 

of the criteria. Therefore this option is appropriate for analyzing the sensitivity of the 

decision problem with respect to the weights of the criteria.  

 

In general, sensitivity analysis provides information on how variations in the input 

change the output of a model. The output must be interpreted with great care 

whenever it varies significantly for input fluctuations that are within the real of error 

or- perhaps more appropriate- within the realm of confidence in their values.  

 

Firstly, with sensitivity analysis, the importance of broad uncertainties in data and 

models is assessed by the Decision Makers. Furthermore, they can judge whether the 

analysis is necessary or whether they need to gather more data to allow a more 

sophisticated analysis. Secondly, it can help build consensus among the DMs. 

 

Table 28 illustrates for each criterion the limits within ‘weight values’ which could be 

varied without changing the PROMETHEE II complete ranking with utilization of 

linear function.  
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Table 28: Stability intervals for linear function   

Criteria 
Coefficient 

Weight 

Allowed Limits Coefficient 

Weight (%) 

Allowed Limits (%) 

min max min max 

Harmonization with the existing legislative framework (S1) 0.0450 0.0332 0.0451 4.50% 3.36% 4.51% 
Application of priorities of legislation (S2) 0.0450 0.0181 0.0451 4.50% 1.86% 4.51% 
Social acceptance (S3) 0.0375 0.0329 0.0376 3.75% 3.31% 3.76% 
Possibilities of new job positions (S4) 0.0225 0.0157 0.0226 2.25% 1.58% 2.26% 
Level of possible environmental impacts (E1) 0.0750 0.0601 0.0750 7.50% 6.10% 7.50% 
Air emissions (E2) 0.0600 0.0493 0.0600 6.00% 4.98% 6.00% 
Production of humid waste (E3) 0.0600 0.0488 0.0600 6.00% 4.94% 6.00% 
Production of solid outcast (E4) 0.0600 0.0417 0.0601 6.00% 4.25% 6.00% 
Noise pollution (E5) 0.0300 0.0093 0.0823 3.00% 0.95% 7.82% 
Aesthetic harmful effect (E6) 0.0150 0.0000 0.0151 1.50% 0.00% 1.51% 
Total investment cost (F1) 0.1050 0.1049 0.1117 10.50% 10.50% 11.10% 
Operation and maintenance cost (F2) 0.0900 0.0899 0.0950 9.00% 9.00% 9.46% 
Land requirement (F3) 0.0450 0.0449 0.0558 4.50% 4.49% 5.52% 
Production of secondary materials (F4) 0.0600 0.0385 0.0601 6.00% 3.93% 6.01% 
Functionality (T1) 0.0625 0.0625 0.0780 6.25% 6.25% 7.68% 
Existing experience-reliability (T2) 0.0750 0.0749 0.0857 7.50% 7.49% 8.48% 
Adaptability in the local conditions (T3) 0.0625 0.0624 0.0762 6.25% 6.24% 7.52% 
Flexibility (T4) 0.0500 0.0500 0.0631 5.00% 5.00% 6.23% 
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From the data of Table 28 it is concluded that the variation of specific criteria weights 

such as Harmonization with the existing legislative framework (S1), Social acceptance 

(S3), Total investment cost (F1), Operation and maintenance cost (F2), Functionality 

(T1) and Flexibility (T4) have the greatest impact on the complete ranking.  

 

In Table 29, analytical information concerning the alteration of the PROMETHEE II 

complete ranking by the variation of specific financial criteria weights is presented, 

with the utilization of linear function.   

 

Table 30 includes coefficient weights of the criteria after the alteration of weight in 

the specific financial criteria:    

1. Total investment cost (F1) 

2. Operation and maintenance cost (F2) 

3. Production of secondary materials (F4) 

 

Table 31 comprises analytical information concerning the alteration of the 

PROMETHEE II complete ranking by the variation of the specific criteria weights 

(with the utilization of linear function):  

1. Social acceptance (S3) 

2. Level of possible environmental impacts (E1) 

3. Flexibility (T4) 

 

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

weight in the aforementioned criteria.  

  

 

 

 

 

 

 

 

 



 

Table 29: PROMETHEE II complete ranking by the variation of specific financial criteria weights   

Variation of criteria weights PROMETHEE II 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 (F1)  

10.5%� 2% 3� 5a� 10� 6a� 12� 8a� 13� 11� 7a� 2� 9� 5b� 1� 4� 6b� 8b� 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 (F2)  

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 materials (F4)  

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 
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Table 30: Coefficient weights of the criteria after the alteration of weight in the specific financial criteria. 

Criteria 

Coefficient 

Weight 

(%) 

Coefficient weights (%) 

Total investment Cost (10.5%) Operation and maintenance Cost (9%) Production of secondary Materials (6%) 

2 5 13 15 3 7 12 15 2 3 9 12 

 (S1) 4.50 4.93 4.78 4.37 4.27 4.80 4.60 4.35 4.20 4.69 4.64 4.36 4.21 
 (S2) 4.50 4.93 4.78 4.37 4.27 4.80 4.60 4.35 4.20 4.69 4.64 4.36 4.21 
 (S3) 3.75 4.11 3.98 3.65 3.56 4.00 3.83 3.63 3.50 3.91 3.87 3.63 3.51 
 (S4) 2.25 2.46 2.39 2.19 2.14 2.40 2.30 2.18 2.10 2.35 2.32 2.18 2.11 
 (E1) 7.50 8.21 7.96 7.29 7.12 7.99 7.66 7.25 7.01 7.82 7.74 7.26 7.02 
 (E2) 6.00 6.57 6.37 5.83 5.70 6.40 6.13 5.80 5.60 6.26 6.19 5.81 5.62 
 (E3) 6.00 6.57 6.37 5.83 5.70 6.40 6.13 5.80 5.60 6.26 6.19 5.81 5.62 
 (E4) 6.00 6.57 6.37 5.83 5.70 6.40 6.13 5.80 5.60 6.26 6.19 5.81 5.62 
 (E5) 3.00 3.28 3.18 2.92 2.85 3.20 3.07 2.90 2.80 3.13 3.10 2.90 2.81 
 (E6) 1.50 1.64 1.59 1.46 1.42 1.60 1.53 1.45 1.40 1.56 1.55 1.45 1.40 
 (F1) 10.50 2.00 5.00 13.00 15.00 11.19 10.73 10.15 9.81 10.95 10.84 10.16 9.83 
 (F2) 9.00 9.85 9.55 8.75 8.55 3.00 7.00 12.00 15.00 9.38 9.29 8.71 8.43 
 (F3) 4.50 4.93 4.78 4.37 4.27 4.80 4.60 4.35 4.20 4.69 4.64 4.36 4.21 
 (F4) 6.00 6.57 6.37 5.83 5.70 6.40 6.13 5.80 5.60 2.00 3.00 9.00 12.00 
(T1) 6.25 6.84 6.63 6.08 5.94 6.66 6.39 6.04 5.84 6.52 6.45 6.05 5.85 
 (T2) 7.50 8.21 7.96 7.29 7.12 7.99 7.66 7.25 7.01 7.82 7.74 7.26 7.02 
 (T3) 6.25 6.84 6.63 6.08 5.94 6.66 6.39 6.04 5.84 6.52 6.45 6.05 5.85 
 (T4) 5.00 5.47 5.31 4.86 4.75 5.33 5.11 4.84 4.67 5.21 5.16 4.84 4.68 
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Table 31: PROMETHEE II complete ranking by the variation of specific criteria weights   

Variation of criteria weights PROMETHEE II 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 

Social acceptance (S3)  

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 (E1)  

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 (T4)  

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 



 93

Table 32: Coefficient weights of the criteria after the alteration of weight in specific criteria. 

Criteria 

Coefficient 

Weight 

(%) 

Coefficient weights (%) 

Social acceptance (S3) Level of environmental impacts (E1) Flexibility (T4) 

1 2 6 9 3 5 9 12 2 4 7 9 

 (S1) 4.50 4.63 4.58 4.39 4.25 4.72 4.62 4.43 4.28 4.64 4.55 4.41 4.31 
 (S2) 4.50 4.63 4.58 4.39 4.25 4.72 4.62 4.43 4.28 4.64 4.55 4.41 4.31 
 (S3) 3.75 1.00 2.00 6.00 9.00 3.93 3.85 3.69 3.57 3.87 3.79 3.67 3.59 
 (S4) 2.25 2.31 2.29 2.20 2.13 2.36 2.31 2.21 2.14 2.32 2.27 2.20 2.16 
 (E1) 7.50 7.71 7.64 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 5.86 5.67 6.29 6.16 5.90 5.71 6.19 6.06 5.87 5.75 
 (E3) 6.00 6.17 6.11 5.86 5.67 6.29 6.16 5.90 5.71 6.19 6.06 5.87 5.75 
 (E4) 6.00 6.17 6.11 5.86 5.67 6.29 6.16 5.90 5.71 6.19 6.06 5.87 5.75 
 (E5) 3.00 3.09 3.05 2.93 2.84 3.15 3.08 2.95 2.85 3.09 3.03 2.94 2.87 
 (E6) 1.50 1.54 1.53 1.46 1.42 1.57 1.54 1.48 1.43 1.55 1.52 1.47 1.44 
 (F1) 10.50 10.80 10.69 10.25 9.93 11.01 10.78 10.33 9.99 10.83 10.61 10.28 10.06 
 (F2) 9.00 9.26 9.16 8.79 8.51 9.44 9.24 8.85 8.56 9.28 9.09 8.81 8.62 
 (F3) 4.50 4.63 4.58 4.39 4.25 4.72 4.62 4.43 4.28 4.64 4.55 4.41 4.31 
 (F4) 6.00 6.17 6.11 5.86 5.67 6.29 6.16 5.90 5.71 6.19 6.06 5.87 5.75 
(T1) 6.25 6.43 6.36 6.10 5.91 6.55 6.42 6.15 5.95 6.45 6.32 6.12 5.99 
 (T2) 7.50 7.71 7.64 7.32 7.09 7.86 7.70 7.38 7.14 7.74 7.58 7.34 7.18 
 (T3) 6.25 6.43 6.36 6.10 5.91 6.55 6.42 6.15 5.95 6.45 6.32 6.12 5.99 
 (T4) 5.00 5.14 5.09 4.88 4.73 5.24 5.14 4.92 4.76 2.00 4.00 7.00 9.00 
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Tables 29 and 31 indicate that the variation of the coefficient weights in the chosen 

criteria doesn’t vary the ranking of the schemes of the first three positions. More 

specifically, scheme 3 seems to be the best compromise scheme while schemes 5a and 

10 possess the second and the third position respectively. Exception is the variation of 

the coefficient weight in the criterion that regards Total investment cost from 10.5% 

to 15% where the third position is possessed by scheme 13.  

 

On the contrary, significant variations are observed with the increase or the decrease 

of the specific criteria as regards the fourth and the fifth position. For instance, as 

shown in Table 29 the increase of the coefficient weight in the criterion that regards 

Total investment cost from 10.5% to 13%, the fourth position is possessed by scheme 

13 while the variation from 10.5% to 15% the same position is possessed from 

scheme 10.   

 

However, it must be mentioned that some of these variations correspond to the most 

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

underrated.           
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10 Conclusions 

The present report based on the development and application of a specific Multi 

Criteria Decision Aid (MCDA) approach in order to select the best compromise 

alternative schemes for the management of domestic solid waste in Morocco. This 

selection is based on the comparisons of alternatives according to their performances 

with respect to relevant social, environmental, financial and technical criteria.  

 

In most of the examined Schemes, the first stage regards to the mechanical sorting of 

waste while the second one includes the application of biological or thermal 

treatment. Also, in almost all the alternative management Schemes, recovery of 

ferrous and non-ferrous metals, glass, paper-plastics is achieved.  

 

The obtained results show that Scheme 3: Collection of recyclable materials in one 

bin which, then, are transferred to Mechanical Recovery Facility for the recovery of 

glass, paper- plastics, Fe and non Fe metals and in another bin the biodegradable 

organics that are subjected to Composting while the residues are disposed to Landfill, 

is presented as the most favorable solution in the case of Morocco.  

 

Scheme 5a: Collection of mixed waste that is transferred to a Mechanical Biological 

Treatment, where Mechanical sorting (recovery of glass, Fe and non Fe metals, paper 

and plastics that are forwarded to end users) as well as Biological treatment of the 

sorted biodegradable organics through composting are applied and the residues are 

disposed to landfill and Scheme 10: Collection of mixed waste that is transferred to 

Primary  Mechanical Sorting (recovery of Fe and non Fe metals) and the remaining 

combustible materials are subjected to Thermal treatment for energy recovery, are 

ranked as the second and third preferable solutions, respectively.  

Schemes 6a, 13, 8a and 12 follow, presenting lower positive efficiency level, while 

the most unfavorable management scenarios refer to the Schemes 4, 5b, 14, 6b, 8b 

and 7b.  
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