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ABSTRACT 
This study focuses on the development of a new methodology for the selection of the best solution for 
municipal solid wastes disposal, after evaluating all the important factors, including economical, social 
and environmental ones. The outcomes of the developed model include a data combination of these 
factors and of the degree to which each involved group of people may influence the decision making. 
The main purpose of this methodology is to minimise the subjectivity of choosing the best solution, 
which is achieved by making sensitivity analysis, at the only variable element in the procedure of 
decision making, which is the relative weight of each involved group’s influence. The methodology 
application shows that the relative weight given to each involved group has a direct influence on the 
total grading of the suggested solutions. 

 

1.  INTRODUCTION 

Finding an effective solution for waste disposal has become a major problem for the modern societies. 
Particularly in the recent years that has generally become acknowledged that the almost exclusively 
applied method of waste disposal by landfilling, is not corresponding to the many changes that have 
resulted in the quality and quantity of solid waste as the time passed. This also accords with the spirit 
of taking into account a variety of criteria and parameters such as society, economy environment etc. 

To this effect, a variety of multicriteria methods has been used in dealing with environmental 
problems, some of them have focused particularly on the management of various kinds of waste. 

Merkhofer and Keeney (1987) have employed a traditional multiattribute in determining sites for the 
disposal of nuclear waste. Leschine, Wallenious and Verdini (1992) have worked on locating ocean 
disposal sites using the Pareto Race method. Briggs, Kunsch and Mareschal (1990) have made 
practical use of the PROMETHEE and GAIA methods within nuclear waste management. It is a 
multicriteria method which appraises the result in economical terms. Dyer, Edmonds, Btler and Jib 
(1998) suggest a multicriteria model for the selection of a technology for the disposal of plutonium 
arms. 

Working on solid waste, Caruso, Colorni and Paruccini have developed a regional planning model for 
the planning of an urban solid waste management system and some heuristic methods for the solving of 
the problem. Benson (1998) develops a decision support system for an effective planning and 
management of household recyclable solid waste. Very important are the studies of Hokkanen et al 
(1995) and Hokkanen and Salminen that have applied the ELECTRE II and ELECTRE III methods, 
respectively. The latter has been proved useful, particularly in environmental problems in which many 
decision makers are involved, and in which the quality and quantity of the data is not sufficient. 

A remarkable contribution to the Greek bibliography has been made by the studies of Skordilis (1989) 
who suggests a strategy evaluation in the planning of household waste disposal using the Heuristic 
Method. Diakoulaki et al (1993) suggest a combination of an expert system and a MCDA model for the 
appointment of  the most suitable disposal method. 

The present project aims to the suggestion, under certain preconditions, of the better solution for the 
disposal of solid waste, in the policy level. The contribution of this methodology is the minimising of 
the subjectivity at the decision making. This is succeeded because of the suggested assessment of 



weights of the evaluation criteria, the assessment of weights in the involved groups. Finally, the 
application of a sensitivity analysis, of the most changeable of the decision-making process data, which 
is the influence of the involved groups. 

 

2. METHODOLOGY 

The suggested methodology for the selection of a disposal method of municipal solid waste is based on 
the typical development of a multi - criteria evaluation process. This evaluation method has been 
selected after the examination of the advantages and disadvantages of all the other ones (cost-benefit 
analysis, cost-effectiveness analysis, etc.).  

The advantages of multi-criteria methods have as starting point the fact that social welfare is 
multidimensional, taking into consideration, as necessary parameters, the social, economical and 
environmental criteria. The target of public policies, like this of waste management, is being forced to 
comprise contradictory and sometimes mutually eliminated targets because of its nature as a process of 
conciliation between social aims. The process of decision making is supported by multicriteria methods 
in such conditions. However, disadvantages have to be acknowledged because due to the nature of the 
applied criteria, the settlement of the multicriteria problem can lead only to compromising solutions 
and not to explicitly determined ideal solutions. This issue is a serious defect of the multicriteria 
methods when the existence of contradictory criteria conflicts the possibility of an improvement of the 
solutions.  

In multicriteria analysis as Roy (1985) quotes, "the principal aim is not to discover a solution but to 
construct or create something which can be considered as liable to help an actor taking part in a 
decision process to shape and/or to argue, and/or to transform his preferences, or to make a decision in 
conformity with his goals". 

The methodology of multicriteria evaluation of alternative waste disposal methods, which we suggest, 
will be done in the classical way of a multicriteria analysis as it is reported by P. Goodwin (1998). 
Substantially, the alteration of any multicriteria methodology is reffered to some of the steps of the 
process. The ultimate target is to suggest a reliable and scientifically substantiated methodology, which 
will be characterised by the less subjectivity possible. 

2.1  Problem definition     

The initial preoccupation, which leaded to this study, is the development of a methodology which will 
suggest in the most objective way possible, the ideal method of waste disposal. In our country 
landfilling is the most common method for the disposal of waste. This is not in any case the best 
solution because usually the only criterion for this selection is the economical one. The inclusion of 
other data, like environmental or social ones etc. in the way of sustainable development enforces the 
support of a scientific process of decision making. This project aims to be a tool for the waste disposal 
planning which offers reliable solutions to the decision makers. 

2.2  Definition of involved partners 

Involved partners are considered the persons (or groups) that participate in the process of decision 
making about a selection of a waste disposal method. There is no particular methodology that 
determines the number of involved groups. For example, in the case of Oulou region in Finland 
(Hokkanen, Salminen 1997) the involved groups reached the number of 113! 

However, it is fair to say  that the number of involved groups depends on the determination of the 
relative recipients in the period of construction and operation too. As recipient we don’t mean the 
natural one, but the physical entity to whom is recognised legal standing from the effects of the project. 
So, we define as recipient every physical or legal person to whom recognised legal interest from the 
effects of the project 

There is a point that is not explicitly referred to at the bibliography. This is how in the final selection of 
a solution is made by taking into account every involved partner, meaning the degree of each of the 
involved partners’ influence in the process of decision making. To this effect, we determine as a 
fundamental element of the process of the multicriteria evaluation the assessment of weights to the 



involved groups. This method of assigning weight to the involved groups is proposed by Skordilis 
(1989). 

However, this assessment is subjective and is done by a scientific commission who regulates the whole 
process. We consider that the degree of subjectivity in assigning weights to the involved partners can 
be decreased if the committee that assigns the weights is really scientific credible. But, every problem 
of environmental management is, substantially, a problem that has to compromise two kind of  
“evaluations”: the evaluation of scientists (biologists, ecologists, geologists etc.) which is “objective” 
and the other one of citizens which is “subjective”.   

The suggested solution of assigning weights to the involved partners has the main advantage of 
automating the whole process. Also, the final evaluation of the alternative disposal methods is bounded 
in proportion of the degree of each involved partner’s influence in the process of decision making. 

2.3  Selection of alternative scenarios for waste disposal 

The alternative scenarios, which are evaluated with multicriteria analysis, could be independent 
disposal methods (landfilling, composting, incineration, etc.) or combinations of them. All scenarios 
have to be mutually blockaded, while it is recommended to blockade some of the scenarios, the 
realisation of which is utopian, or the ones that do not satisfy some of the evaluation criteria. So, before 
multicriteria analysis all the suggested methods are subjected to pre-evaluation using the IF-THEN 
rules, which promote the feasible solutions. 

2.4 Evaluation criteria selection and quantification 

Unfortunately the selection of evaluation criteria is not carried out by means of a sufficiently defined 
methothology. Never the less, there are certain techniques that contribute to their integral choice. Roy 
(1985), studied different options about the parameters determination, aiming to distinct after an overall 
analysis, their classification from lower to higher significance. Keeney (1988), Raiffa (1976), Saaty 
(1980), agreed to a classifying way of criterion structure of an opposing way to Roy's, through the 
disintegration of different options down to the sub-elements that comprise them, until the best 
approach is attained. In Greek bibliography (Scordilis, 1989, Diacoulaki, 1993 etc) an inclination to a 
judgement of evaluation criteria is observed enough to satisfy the biggest possible number of targets. 

We concluded creating a tree of evaluation criteria, since that the problem being studied is multi-
leveled. In this way, the view of the problem's structure becomes more comprehensive. The process of 
the tree construction is repetitive, until commonly approved criteria of evaluation are selected. The tree 
of evaluation criteria has to conform a simplification of the reality. According to Keeney, Raiffa (1976) 
the construction of the tree has to fulfill all five following criteria, although it has been proven that in 
fact some times certain compromises have to be made between them: 

1) Fullness, 2) Workability, 3) Independence, 4) Absence of Redundancy, 5) Minimal size 
Based on the evaluation criteria which different writers have chosen, as shown by bibliography and the 
above mentioned Keeney and Raiffa's criteria, for the integrate and objective structure of a tree of 
evaluation standards we concluded to table 1. As it is represented hence, every method of waste 
disposal shall be judged based on its behavior into four large fields. In turns, these fields are analyzed 
into a lower level of evaluation criteria: 

• Financial criterion 

It has always had comprised a very significant part if not the most important of an evaluation, as a 
reassurance for the financial attribution of the investment program, as it emerges from the comparison 
of the resources allocated, and their financial results (S.Theofanidis), 1985). A very significant 
parameter relating to the evaluation of each method is whether it can be enrolled in any of the financial 
means provided by C.U. bearers or state government. 

• Social criterion 

Despite the fact that disposal technologies are now familiar and substantiated, there is a parameter that 
hinders their application. It is that of local authorities and societies opposition to land-planning efforts 
for the demanded waste disposal installations. Because of that, during the selection of criteria, we 
considered the social acceptance of waste disposal installations, as a particularly significant factor. 
Also, as seen in the table, we take under consideration of employment options that each method of 
waste disposal offers. 



• Technical criterion  

Technical criterion clearly comprises a very important sector in the process of every method evaluation 
of waste disposal. It concerns vital sectors of the installation operation, which are examined as seen in 
the table, by two sub-factors: flexibility and workability.  



Table 1: Evaluation criteria tree 
 

   〈1st level of criteria  ⇓2nd level of criteria  ∏  3rd level of criteria 

       Equipement costs (F.1.1) 

     Investment costs (F.1)  Installations and testing costis 
(F.1.2) 

       Field costs (F.1.3) 

   FINANCIAL (F)  Operation costs(F.2)   

     Income (F.3)   

     Social acceptance (S.1)   

   SOCIAL (S)     

     Employment (S.2)   

 METHOD 
EVALUATION 

     At the change of quantity (Τ.1.1) 

     Flexibility (Τ.1)  At the change of substance (Τ.1.2) 

   TECHNICAL (Τ)     

    Accident dangers (Τ.2.1)
     Workability (Τ.2)  Attendance and maintenance (Τ.2.2) 

       Technological experience (Τ.2.3) 

       Local pollution (E.1.1) 

      Air protection (E.1)  Global pollution (E.1.2) 

   ENVIRONMENTAL (E)  Water protection (E.2)  Ground waters (E.2.1) 

       Under ground waters (E.2.2) 

     Resources and energy 
recovery (E.3) 

  

 

• Environmental criterion 

Decision taking with the contribution of environment parameters is nowadays acknowledged, for 
operations of any kind, in the natural and mankind environment, even of small significance. In 
particular, in cases such as waste disposal installations, where a number of dangers might occur, the 
concept of environmental protection takes critical proportions. The comprehension of the necessity for 
an eternal development commands for natural resources protection and this is what we are about to try 
to insert as a judgement parameter for every method of waste disposal. In the drawing the sub-criteria 
are shown, according to which the behavior of every method is going to be judged relatively to the 
surroundings. We do not examine the case of ground pollution because this comprises a natural result 
of the air and water pollution of the district. The criteria of evaluation that are being presented at 
picture 1 are under grading. In fact, the ends (leaves) of the tree are graded as shown at the picture. The 
value of the criteria in the tree's internal arises by weighed addition of the sub-criteria they are 
comprised with. For example, the value of social criterion arises as follows: 

Grading of the Social criterion (S) = βs1*S1+βs2*S2 

where: βs1 = weight of the "Social Acceptance" criterion in calculation of the Social criterion 

βs2 = weight of the "Employment" criterion in calculation of the Social criterion 

S1 = value of the "Social Acceptance" criterion  

S2 = value of the "Employment" criterion  

The grading of the criteria is being based on scientific methods and carried out by the team of the 
researchers using two different ways: 

1. Absolute Scale (hardware data): concerns the criteria, the value of which can be measured on 
basis of actual data, emerging from technical-financial aspects of each method. These criteria are: 
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the financial ones, employment, local and global pollution, ground and underground water 
pollution. 

2. Tactical Scale (software data): concerns the criteria, the value of which can be measured on basis 
of the relation of equality or inequality between different situations. This scale may extend 
between defined prices. The grading of these criteria includes elements of subjectivity. These 
criteria are: social acceptance, flexibility in the changing of quantity and the substance, dangers of 
an accident, reassurance of attendance and maintenance, technological experience. 

Due to the difference of the scales, in which the criteria of the first and the second group are being 
measured it is considered as essential for their values to get formulated in a common scale. Care should 
be taken when processing on the common scale of criteria evaluation, so that their value is not obtained 
in relation to a presumed "no implication" point but in relation to the basis conditions. The latter are 
described on a scenario of inclination, which reports the evolution of the parameters of the problem in 
a condition of absence of the method under evaluation, meaning, in conditions of "business as usual" 
(Scourtos). 

2.5 Weight definition of the selected evaluation criteria 

Weight definition comprises a measure of relative importance, that each involved decision-taker 
attributes to the procedure of taking decisions in every evaluation criterion of alternative methods of 
waste disposal. 
 
The method of weight assignment is indirect, meaning that it is being done by means of a properly 
questionnaire distributed to the decision-makers involved, in order to achieve a classification of the 
evaluation criteria by priority. The calculation of the quantity of contribution of every criterion to the 
final evaluation is carried out by a relatively plain algorithm by the researcher. This method of 
"indirect weight assignment" has been developed by Simos (1990). 
 
As shown on the evaluation tree, there are three levels of criteria. The criteria are measured by level. 
The weight assignment begins at the ends of the tree (leaves) which comprise the third level. Next, 
weights are assigned on the second level criteria that are irrelevant from the previous and at the end 
weights are assigned on the four first level criteria, which are also irrelevant from the weights of the 
previous levels. 
 
The procedure described above, refers to every one of the decision-makers involved separately. 
Consequently it is of great importance for a final, total assignment of weight for each criterion to 
emerge by the concluding of preferences of each decision-taker, bearing in mind the weight of each 
one of them in the decision-making.  
   
The final measured weight for each criterion emerges from the following algorithm: 
 

Βs = Σaiβs, where: 

ai = weight of involved decision-taker i at decision-making procedure 

i = 1... m, number of decision-makers involved 

β = weight attributed by the decision-taker i to the criterion s 

2.6 Data processing, resume of performances and results explanation 

At this stage of the procedure we have all the data concerning the methods to be evaluated. This means 
that we have concluded to the weighting of the evaluation criteria, which represents all of the involved 
decision-makers, as seen in the previous paragraph. Moreover, each of the criteria has been graded and 
its final grade has been related to a common scale for all.  

The final target is the summing of each data itself up to a general scaling indicator of waste disposal 
methods. 

After completing these procedures the classification of alternatives scenarios has emerged. At this 
point it is considered essential for the results to be explained, enlightening some important aspects, for 



example: why one scenario has developed better than an other one, which factors played a significant 
role etc. 

 

2.6.1 Use of quality indicators in the evaluation of alternative methods of disposal  

In certain cases the evaluation of methods of disposal may lead to conclusions, by which decision 
taking is doubtful. Such a case arises when a different judgement of parameters according to their 
objective values, may finally,  result to equal judgement of two methods. Consequently, the total 
evaluation has to be carried out by means of other quality indicators as well, which will evaluate the 
grading structure for each factor of each waste disposal method. 
Such an indicator is the variation that comprises an important measure of the values extension of a 
parameter. The particular indicator is defined as the average number of the squares of values 
declination of evaluation factors of waste disposal alternative methods from their highest price. At the 
case of applying the particular indicator for the examination of the variation of the evaluation factors of 
the alternative methods of waste disposal from their highest number, we have: 
 

a a
σ² = Σ 

β 
 β*(10-x)² + Σ 

β  
 β*(x-0)² 

          a  or           b 
   
Where:  
a+b: sum of evaluation factors of  A.M.G.D 
β:  average weight of every factor as it resulted by the sum of weights of decision-makers 

involved 
a:  number of factors whose higher possible grading number is 10 
b: number of factors whose higher possible grading number is 0 
x: grade given to each factor 
 
Squaring differences (10-x) and (x-0) greater measuring / weighing is given to factors that show high 
declinations from their highest price, a fact of great importance for making conclusions. 

The more the variation gets closer to 0 the more the method of disposal satisfies the different factors of 
evaluation. So, between two methods that were evaluated as equal by their multi-criteria evaluation, the 
best is the one that shows the smaller variation. 

2.7 Sensitivity Analysis 

All calculations include a certain amount of uncertainty or inaccuracy. For this reason, a sensitivity 
analysis is in order, that investigates the size of reaction (= sensitivity) of a result at alternative changes 
of certain values. 

Of all the values reported above that take part in the evaluation we assume that the only variable 
element, which needs a sensitivity analysis, is the weight of the involved decision-makers in taking a 
decision. 

The rest of the data, which could be subjected to a sensitivity analysis, are the weights or the grading of 
the criteria. However, we assume that a sensitivity analysis in that data would give less satisfying 
results, because: 

1) criteria grading arises with the most scientific way possible for those being measured in an 
absolute scale and the most objective way possible for the rest of them measured in a relative 
scale. 

2) weighing that results for the evaluation criteria, is also a unique given as it emerges based on the 
classification they were subjected to by beans of the questionnaire, by the decision-makers 
involved. 

Based on the above we conclude, that the weighing that has been assigned to the decision-makers 
involved has to be subjected to a sensitivity analysis. That process, of analysis of the sensitivity at the 



involved decision-makers level and not at the evaluation criteria level, comprises a substantial 
innovation of the methodology suggested.  

Sensitivity analysis is carried out based on scenarios which are going to examine different variations at 
the influence of the decision-makers involved, at the process of decision-making. Never the less, we 
suggest the examination of two fundamental scenarios, which are depending on: 

1) scientific reliability of the decision-taker: In this case the decision-makers involved are measured 
in respect to their scientific reliability. If for example a university is participating in the decision-
making process, then, in the first place its weighing has to be particularly high. This can be 
substantiated, because the objectivity of scientific procedures comprises a significant factor for the 
discovering of the realistically best method of waste disposal. 

2) power of political influence: unfortunately the power of politics even nowadays constitutes the 
motives for procedures. That does not mean that it lacks of scientific reliability, however the 
relation between scientific reliability and political power is not necessary or effective. Thus, even a 
small and unorganised group of civilians could be able to create significant problems through a 
"subjective" view of the situation. 

Using the above sensitivity analysis, the researcher is able to predict where is the decision going to 
incline to: at first, scenarios scientifically containing the fewer implications should be preferred, at 
second, scenarios commanded through political procedures and not necessarily through scientific view 
will be selected. 

2.8 General view of the model suggested 

The model described, is based as seen above, on a typical application of the procedure of multi-criteria 
evaluation. Each model however, differentiates at the application of the stages themselves, by which it 
is finally evaluated as to its total contribution. 

In table 2, the way the whole procedure is being carried out is presented in brief. On the first hand, a 
group of scientists consisting of analysers-researchers, examines all data or defines part of it. On the 
other hand, the decision-makers involved contribute by defining the standards of evaluation, but 
mainly assigning the weight of each of them to the evaluation process. Grading of standards as we saw 
is carried out on the basis of scientific methods, thus realised in the most objective way possible by the 
scientific group, which is also authorised to assign weights to the decision-makers involved. 

By examining all the above data the final results arise, which classify the candidate methods from the 
best to the worst or vice-versa. Furthermore, the result of the procedure of the multi-criteria evaluation 
is reinforced by the use of the quality indicator described above. 



Table 2: Representation of decision-making process 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

3.  THE CASE OF THE MODEL APPLICATION 

Workability and reliability of the model has been tested by means of its application to Oulou region of 
Finland, where Hokkanen, Salminen had already applied the method ELECTRE ΙΙΙ. Τhis selection has 
been made so that basing on the results which they had come to and those that were emerged from the 
suggested model some conclusions about the last one could be extracted. The whole procedure 
included some necessary acceptances and restrictions that spring off the fact that the model was applied 
to a region of Finland, while for some criteria on which we had no information we used the relative 
Greek data. 

Hence, we proceeded to the evaluation of 22 alternative methods for the public waste of that region. 
The authorities involved were of course Greek (i.e.: The Ministry of Enviroment, Land Planning and 
Public Works) and they were called to fill the questionnaire about the weight assignment to the 
evaluation criteria. Based on the given data and following the process we presented above, we 
concluded to a classification of methods that was hardly different from the one Hokkanen, Salminen 
had concluded to. 

Particularly interesting though, was the variation in the results that emerged when a sensitivity analysis 
was carried out. It was then noted that when The Ministry of Enviroment, Land Planning and Public 
Works bore the highest weight in decision-making, economical methods were selected. On the 
contrary, when the heaviest weight was born by social or environmental organizations friendlier to the 
environment and undoubtedly more expensive methods were favored. Therefore it seems that the 
methods suggested in any case, always tend to satisfy the preferences of certain groups. 

4. CONCLUSIONS 

Without conforming the cure-all solution for the problem assigned to, the suggested model forms into a 
system as fundamental substantial elements, for the attribution of objective results, certain stages of the 
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whole multi-criteria evaluation process, which are either not used in relevant procedures, or are used 
differently. Those are: 

• The assignment, by the researcher, of weights to the decision takers involved, conforms a stage, 
which as mentioned before has not been systematically adopted, according to our research in 
bibliography. Although realization of that certain stage is based on the analyzer's position and 
includes subjective characteristics, we consider that it provides the areas in which the final 
decision is going to be found, according to the influence of the decision-makers involved. 

• The process of calculation of a quality indicator, is necessary in multi-criteria evaluation 
procedures. By means of this particular indicator the most spherical possible satisfaction of the 
evaluation criteria is judged. Furthermore, in combination with the results of the multi-criteria 
evaluation procedure itself the final decision for the most profitable method is reinforced. 

• Another fundamental innovation, that is being introduced, is the level in which sensitivity analysis 
is carried out. While, in all corresponding studies the sensitivity analysis is realized according to 
the evaluation criteria of alternative methods of disposal, at present the analysis of sensitivity is 
carried out in respect to the grade of influence of the decision-makers involved, which is assumed 
to conform the only unstable element at the decision taking procedure. 
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