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Abstract We report on an actual application of the ELECTRE III decision-aid in the context of choosing a solid waste management system in the Oulu region, Finland, in 1993. The Electre III method proved useful, especially when dealing with environmental problems involving many decision-makers, and in cases where the outcomes of the various alternatives remain to some degree uncertain. One of the main conclusions of our study is that all the proper landfill capacity available in the planning region should be used up. In addition, the energy potential o f waste should be utilized within the region. Therefore, the solution recommended for a solid waste management system was intermediate landfilling, composting and RFD-combustion. The decision-makers commented positively on the method used and were satisfied with the options recommended. The scheme will be implemented for use from the beginning of the year 1995. © 1997 Elsevier Science B.V. Keywords: Decision-aid; Multiple criteria; Waste treatment; ELECTRE III



O. Introduction The urgency of environmental problems has in recent years become generally acknowledged. More and more effort is therefore being put into working out realistic solutions to such problems. Instead of money-based considerations, there appears to be a growing b o d y o f literature reporting on actual applications o f multiple criteria methods. This trend m a y bring about better solutions to the pressing environmental problems, as the methods e m p l o y e d compel decision-makers to take explicitly into account a variety o f other viewpoints apart from the costs involved. This also accords with the spirit o f the * Corresponding author.



requirements set for environmental impact analyses in Finnish legislation. A variety of multicriteria methods has been used in d e a l i n g with environmental problems. Merkhofer and Keeney (1987) have e m p l o y e d a traditional multiattribute analysis in determining sites for the disposal of nuclear waste; Leschine, Wallenius and Verdini (1992) consider the problem o f locating ocean disposal sites using Pareto Race; Briggs, Kunsch and Mareschal (1990) have made practical use of the P R O M E T H E E and G A I A methods within nuc l e a r Waste management; Stam, Kuula and Cesar (1992) have applied W i e r z b i c k i ' s reference point method in studying transboundary air pollution in Europe, to mention just a few examples. F o r solid waste management, the focal point in the present
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Table 1 Summary of the solid waste disposal alternatives for the Oulu region Alternative



Co-operation level



Treatment method



Number of treatment sites



IA IB



Decentralized Decentralized



17 landfills 17 landfills and 17 composting sites



IC



Decentralized



Landfill Landfill Open composting Landfill Open composting RDF-combustion



llAa llAb



a



Intermediate Intermediate



IIAc



Intermediate



IIBa a llBb



Intermediate Intermediate



llBc



Intermediate



IICa llCb



Intermediate Intermediate



llCc



Intermediate



IIDa IIDb



Intermediate Intermediate



IIDc



Intermediate



IIEa a llEb



Intermediate Intermediate



llEc



Intermediate



IIIA IIIB



Centralized Centralized Decenlralized Centralized



IIIC IIID



Centralized Decentralized



Landfill Landfill Open composting Landfill Open composting RDF-combustion



17 landfills, 17 composting plants and 1 RDF combustion site



4 landfills 4 landfills and 4 composting sites 4 landfills, 4 composting plants and 1 RDFcombustion site



Landfill Landfill Open composting Landfill Open composting RDF-combustion



4 landfills 4 landfills and 4 composting sites



Landfill Landfill Open composting Landfill Open composting RDF-combustion



3 landfills 3 landfills and 3 composting sites



4 landfills, 4 composting plants and 1 RDFcombustion site



3 landfills, 3 composting plants and 1 RDFcombustion site



Landfill Landfill Open composting Landfill Open composting RDF-combustion



6 landfills 6 landfills and 6 composting sites



Landfill Landfill Open composting Landfill Open composting RDF-combustion



4 landfills 4 landfills and 4 composting sites



Landfill Landfill Composting Landfill, composting and RDF-combustion Landfill and RDF-combustion Composting



6 landfills, 6 composting plants and 1 RDFcombustion site



4 landfills, 4 composting plants and 1 RDFcombustion site



1 landfill 1 landfill and 17 composting sites 1 landfill, 1 composting site and 1 RDF-combustion site 1 landfill and 17 composting sites and 1 RDF. combustion site



a The difference between these alternatives is that each of them has a different combination of cooperating municipalities.
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study, Caruso, Colorni and Paruccini (1993) have used the GFD-method, while Hokkanen et al. (1995) and Hokkanen and Salminen (1994) have applied the ELECTRE II and ELECTRE III methods, respectively. The ELECTRE methods have proved useful decision-aids in various real applications, e.g. in water resource planning (Roy, Slowinski and Treichel, 1992), comparing energy alternatives (Siskos and Hubert, 1983), weighing different options for a high voltage route (Grassin, 1986) and assessments of nuclear power plant siting (Roy and Bouyssou, 1986; Barda, Dupuis and Lencioni, 1990). In this paper, we will describe an actual application of the ELECTRE III decision-aid (e.g., Roy, 1991; Vincke, 1992) in choosing a municipal solid waste management system (MSWMS). ELECTRE III was selected as the decision-aid mainly because available environmental data tend to be imprecise in cases like ours. As Electre I I I has proved fairly insusceptible to variations in data and related parameters (Vincke, 1992), an adequate amount of reliability can be expected of analyses carried out by means of it. Furthermore, according to our own experience (Hokkanen et al., 1995; Hokkanen and Salminen, 1994), the abrupt change from strict preference to indifference, characteristic of ELECTRE II, may involve a high degree of risk, if the environmental data on hand are unreliable. ELECTRE III was programmed on a PC based on the descrip6on of the method by Skalka et al. (1986).



1. The problem 1.1. The planning region and feasible alternatives The ELECTRE III decision-aid was applied to a MSWM problem i n the Oulu district in Northern Finland. The planning region consists of 17 municipalities; the total population of the region amounts to roughly 185 000. Our objective was to find the most sensible option for MSWM, a solution that would be applicable until the year 2010. The amount of municipal solid waste in the region adds up to about 80 000 tons/annum (a), out of which 15000 tons, mainly paper and cardboard, was recyclable. The quantities
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of demolition waste and industrial waste were 60 000 t o n s / a and 100 000 tons/a, respectively. The starting-point for the present study was that each municipality took care of its own waste. The requirements stipulated in the Finnish Waste Act were not met, nor were the instructions given for dealing with municipal waste fully observed, either. In most of the municipalities, waste was gathered in unstaffed and unmonitored 'landfills' - without much concern for releases to the environment. The following waste treatment methods were considered for the case in hand: sanitary landfilling, incineration and composting. Incineration proved feasible, because in the planning area there are energy producing facilities capable of incinerating the RDF-fraction (RDF = refuse-derived fuel) in an environmentally acceptable way. The amount of RDF was calculated to suffice for an energy production of 72000 MWh, for which peat would otherwise be used. In addition to treatment methods, the present study involved a definition of three levels of cooperation: the decentralized (alternatives I), centralized (alternatives III) and intermediate systems (alternatives II) (see Table 1). All treatment methods, except for incineration, were capable of being used either separately in each municipality or in intermunicipal cooperation at various levels. RDF-combustion was available only in the city of Oulu. The decentralized system required of each municipality to take care of its own waste. For the intermediate system, the region was divided into realistic 'cooperation areas'. In the centralized system, waste was to be treated at one single plant. The recycling level varied according to the treatment method employed. All the methods considered are in accordance with Finnish environmental legislation in effect at present (Ministry of Environment, 1992a) and in the near future (Ministry of Environment, 1992b; Commission of the European Communities, 1991). One objective was to utilize 50% of municipal waste, which included a target set for the level of recycling (30%).



1.2. Decision-makers In Finland the final decisions on environmental affairs of this order are taken by municipal councils, after hearing proposals made by municipal boards
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subordinate to them. The environment and technical committees of the municipalities are responsible for preparations. They will be called decision-makers (DM) throughout our paper. They have a highly significant role, because - as stipulated in the Finnish Waste Act - the funds for solid waste management are drawn from those by whom waste matter is produced. Thus the economic responsibility left to the municipal councils remains fairly small. The



Table 2 Preliminary classification of objectives Economic (F, L, W, D): Capital cost (F, L, D) Operating cost (F, L, D) Revenues (L, D) Net cost per ton (L, W, D) Net annual cost per household (D) Financing arrangements (L) Technical (F, L, W, D): Feasibility (F, L, W, D) Operating experience (L) Adaptability to local conditions (L, D) Reliability (L) Continuous (L) Uninterrupted process (L) Potential for future development (L) Environmental (F, L, W, D): Global (F, L, D): Greenhouse effects (F, L) Regional (F, L): Releases of acidificative compounds (F, L) Surface water dispersed releases (F, L, D) Releases to the air and water with health effects (F, L, W, D) Local (F, L): Environmental hygiene (D) Surface water dispersed releases (F, L, D) Releases to air and water with health effects (F, L, D) Political (L, D): Public acceptance (L, D) Employment (L, D): Number of employees (L, D) Resource recovery: Products recovered (F, L, W, D) Energy requirements; net effect on primary energy supply (L) Market potential (L) Land usage; volume reduction (L, D)



F = objectives derived from the functional elements. L = objectives found in literature. W = objectives stated in the Waste Act. D = objectives given by DMs.



preferences of the actors who are responsible for preparations define what will be suggested for implementation, therefore we use their weights of importance for the different criteria and call them 'decision-makers'. In addition, the supervisory body is composed of all the potential interest groups involved: municipalities, municipal councils, regional planning associations and districts o f water and the environment. The supervisory group oversees the project throughout its course.



1.3. Objectives and criteria In order to outline the criteria, the objectives of the overall task were defined at first, and a preliminary classification of them was made. A preliminary set of criteria was then drafted on this basis. It was submitted to the supervisory group for approval. Thus the final decision on the family of criteria to be used was taken by the supervisory group. In defining the objectives, we referred to the literature on the subject, including the objectives stated in the Waste Act of Finland (Ministry of Environment, 1992b). The consequences relating to the various functional elements in MSWMSs as reported by Kaila (1987) were studied and weighed in terms of objectives. After modifications carried out by analysts, these aspects were then aggregated to the objectives gathered from the literature. The purpose was to find a comprehensive, operational, nonredundant and minimal set of criteria that would represent the various objectives (Keeney and Raiffa 1976). Hundred and thirteen DMs participated in outlining the objectives; they also had an opportunity to add to the list objectives they felt were important. A preliminary classification of the objectives is given in Table 2. The preliminary classification comprised objectives involving economic, environmental, political, employment and resource recovery viewpoints. The following eight criteria were selected: g l Net cost per ton. g2 Technical reliability. g3 Global effects. g4 Local and regional health effects. g5 Acidificative releases. g6 Surface water dispersed releases.
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management system, comprising all costs and revenues from onsite storage to final disposal. The total amount of municipal solid waste was computed on the basis of the current amounts of waste. The calculations of waste container costs were based on the real costs and the real number of containers, as reported by the waste contractors. The costs of collection and transport were also calculated from the current costs in each municipality. Landfill costs were worked out after field and map investigations. Composting and RDF-production costs were reported by the equipment producers. The income from resource recovery was also taken into account when calculating the net costs.



g7 Number of employees. g8 Amount of recovered waste. These correspond to the objectives presented. Only political acceptability w a s excluded as a criterion, because it may in certain situations overlap considerably with some other criteria. Moreover, for an individual DM, the political acceptability of a particular solution does not necessarily depend on the system in question. A landfill plant, for example, can be generally accepted, but problems may arise when the decision concerning its location is being taken. Certain criteria may also be strongly correlated. This may be due to the existence of some factors which affect both criteria in a parallel way. However, because of the complexity of the links reflected in these factors, internal correlations can hardly be avoided when redefining the family of criteria. Furthermore, eliminating one criterion because of its strong correlation with another might destroy information that is not redundant (Vincke, 1992).



Technical reliabiEty (g 2 )



Estimating the technical reliability of each altemative is by no means a simple task. In this case, such estimates could only be made by experts. The DMs placed particular emphasis on this criterion, however. For criterion values referring to technical reliability, an expert questionnaire carried out in Uusimaa, Finland (Hokkanen et al., 1995) was drawn upon. In that survey a number of experts have scaled the technical reliability of alternative municipal solid waste systems from 0 to 10.



1.4. Evaluation o f the criteria Net cost per ton (gl)



This criterion includes all economic objectives and is operational. It represents the total annual cost in FIM per produced waste ton in a given waste
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Fig. 1. Environmentaleffects taken into accountin the choice of MSWMs.
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Environmental criteria (g3--g6) Within waste treatment, the main sources of releases are leachate and airborne releases from landfills and other treatment processes (incineration, composting) as well as waste transport. The environmental aspects were considered in four groups. All MSWMS alternatives produce different types of releases. The environmental effect value was inferred by adding up the relative impact values of each release. That is why the releases were aggregated to the total amount of a particular release or to the relative factor of a particular release (see Fig. 1).



Leachate The environmental effects of leachate depend on the amount discharged and on the concentrations of specific substances in it. The leachate discharge was estimated on the basis of real landfill areas during the whole lifetime of each landfill and composting site:



Lx=Cx~Qi,



(1)



i=1



where:



L x Release of contaminant (kg). Q Leachate discharge (m3). c x Concentration of contaminant x in leachate (kg/m3). n Duration of releases (years). In the Oulu region, the average annual rainfall is 550-650 mm and evaporation 250-300 mm (National Board of Waters and Environment, Finland, 1987). The average leachate discharge per year can thus be estimated at 300 mm. The area needed for composting plants was derived from the amount of organic waste and mixture material. Calculations of the future need for landfill



area were based on the factual increase in such area each year. The following assumptions were taken as starting-points for the computations: - The specific gravity of waste varied from 0.8 t / m 3 to 0.450 t / m 3, depending on the machinery used. - The coverage soil was defined as 10% of the waste volume. - The landfill depth was determined on the basis of the actual situation. The quality of leachate was taken from Ettala (1986) and Ettala et al. (1988), who have studied the quality of leachates in Finnish landfills. The average amount of total nitrogen is 66 mgN/1, cadmium 0.0054 mg/1 and lead 0.029 mg/1. The source separation of municipal waste affects the quality of waste received in landfills. Accordingly, it was assumed to affect the quality of leachate. The production of leachate continues long after a landfill operation is closed down, as do environmental effects. Therefore post-operation leachate releases were included in the computations. Post-operation phase leachate composition was estimated according to the relationship between landfill age and leachate composition as discussed by Ettala (1986), Belevi and Baccini (1989), Ehrig (1983) and Ehrig and Stegman (1989).



Releases to the air Airborne releases are created during waste transport and treatment. Landfill fires and disturbances in incinerator flue gas purification systems are not within the scope of the present study. The total amount of gas over the time covered in the plan includes gas production during the operating time as well as post-operation gas releases. G m = G v ~ mi6gg v,



(2)



i=1



Table 3 The average composition, content and density of landfill gas (Source: Ettala et al., 1988: Assmuth et al., 1990) Gas



Part of landfill gas (%)



Nitrogen Carbon dioxide Methane Mercury



5 40 50



CxHx



Average content in landfill gas m g / m 3



Density kg/m 3 1.25 1.03 0.56



0.0008 218
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Table 4 The typical emission factors and the range of variation using peat or RDF-waste as a fuel (Bostrt~m et al., 1990; Westas and Westerg~d, 1992; RVF 1993, real emission from J5msSnkoski paper and pulp mills) Component



NO x CO 2 N20 SO 2 dust As Cd Hg Pb



Emission factor Peal



Variation range



235 m g / M J 110 g / M J 30 m g / M J 120 m g / M J 16.5 m g / M J 10/zg/MJ 0.5 p~g/MJ 0.01/~g/MJ 15/xg/MJ



200-245 100-120



RDF 150 m g / M j 100 g / M J 180 m g / M J 20 mg/MJ 0.02 m g / M J 0.1 m g / M J 0.1 m g / M J



102-157 2-24 0.07-1.5 0.001-0.03 2-51



where: G m amount of a gas (kg). G v rate of gas production (m3/t-waste). m yearly amount of waste (t). gv share of a particular gas out of the total volume of gas. 6g density of the gas (kg/m3). n duration of release (years), The rate of gas production G~ was assessed at 0.5 m 3 / t - w a s t e / a , when the waste amount remains below 40000 tons, and 1.0 m 3 / t - w a s t e / a , when it exceeds 40 000 tons. In this case the gas amount was 1 m 3 per waste ton only in the landfill receiving the waste of the city of Oulu, the major regional centre. The total amount of releases was based on the composition values shown in Table 3. Post-operation phase gas composition was estimated according to landfill age and gas composition as described by Lagerkvist (1986). In order to compare the various options with and without energy recovery, releases from alternative energy production were also taken into account. Peat, the primary fuel at the power plants in the region, was selected as the alternative fuel. The amount of airborne releases was estimated on the basis of the typical emission level from RDF-combustion and peat-fired power plants in the Oulu region (Table 4). The releases from waste transport were calculated for the transport between the cities and the treatment sites. Contaminants originating from exhaust gases were estimated from average truck release coefficients ( g / k m ) and the total transport distance re-



Variation range 90-160 80-110 120-400 10-60 0.02-0.06 0.06-0.3 0.1-0.2



quired. The average truck release coefficients are 5.0 g C O / k m , 15.5 g N O x / k m , 1.3 g H C / k m , 1.7 g particles/kin (L~'fikint6hallitus, 1990). The amount of greenhouse gas from waste transport was computed using the product of average truck fuel consumption, thermal value and amounts of various gases. The basic data needed for computations is presented in Table 5. The environmental criteria chosen will be described one by one in the following. Global effects (g3)



The criterion 'global effects' represents the total amount of greenhouse effects in each alternative. The greenhouse effect involves the following releases: carbon dioxide (CO2), methane (CH 4) and dinitrogen oxides (N20). The greenhouse effects (Fig. 1) include releases from landfill, incineration and transport, all of them i



Table 5 The basic data and typical emission factors for computing the greenhouse effect in waste transport (Bostr~m et al., 1990) Component



Emission factors and other basic data



Thermal value Diesel oil: g CO 2 / M J mg C H 4 / M J mg NEO/MJ Average fuel consumption: compactor trailer lorry



43 M J / k g 74 2 32 35 l / 1 0 0 "kin 50 1/100 km
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airborne. Greenhouse gases absorb infrared radiation in different intensities. In our calculations, the various gases were combined according to their relative greenhouse effect per kg: carbon dioxide (CO2), 1, methane ( C H 4 ) , 7 0 , and dinitrogen oxide (N20), 200 (NaturvNdsverket, i991).



Relative emission factors were generated for each alternative by using emissions of lead and cadmium, which were combined in relation to their weekly rates not considered harmful to humans: cadmium 0.007 mg/weight in kg and lead (Pb) 0.05 rag/weight in kg (L~SkintShallitus, 1990).



Releases with health effects (g4 )



Acidificative releases (gs )



This criterion consists of those heavy metal releases to air and water which affect health: lead (Pb) and cadmium (Cd) from leachate as well as arsenic (As) and mercury (Hg) from energy utilization. Organic micropollutants, dibenzodioxine (PCDD) and furaans (PCDF), were excluded because of their extremely small amounts (Aittola et al., 1989).



This criterion stands for the total amount of acidificative emissions. In Finland, the critical emission level of gases causing acidification in nature is almost similar for each of them (Joffre et al., 1990). Therefore, the environmental effect value was calculated by adding up the emissions of sulphur dioxide (SO 2) and nitrogen oxides (NOx). The emissions of



Table 6 The criterion values of the alternatives studied Alternative



Criteria gl (min) Cost



g2 (max) Technical reliability



g3 (min) Global effects



g4 (min) Health effects



g5 (min) Acidificative releases



g6 (min) Surface water dispersed releases



g7 (max) Employees



g8 (max) Resource recovery



IA IB IC



656 786 912



5 4 4



552678 100 539 113 200 486565400



609 575 670



1190 1190 1222



670 682 594



14 18 24



13 900 23600 39767



IIAa IIAb IIAc



589 706 834



9 7 6.5



559780715 532286214 470613514



411 325 500



1191 1191 1226



443 404 384



10 14 18



13 900 23 600 40667



IIBa IIBb llBc llCa lICb llCc



580 682 838 579 688 838



9 7 6.5 9 7 6.5



560987877 532 224 858 466586058 561 555 877 532302258 465 356 158



398 314 501 373 292 499



1191 1191 1229 1191 1191 1230



430 393 373 405 370 361



10 14 22 9 13 17



13900 23 600 41 747 13 900 23 600 42467



IIDa IIDb llDc



595 709 849



9 7 6.5



560500215 532974014 474137314



500 402 648



1191 1191 1226



538 489 538



12 17 20



13 900 23 600 40667



IIEa IIEb IIEc



604 736 871



9 7 6.5



560500215 532974014 474 137314



500 402 648



1191 1191 1226



538 489 538



12 17 20



13900 23600 40667



IIIA IIIB IIIC IIID



579 695 827 982



9 6 7 7



568 674 539 536936873 457 184239 457206 173



495 424 651 651



1193 1195 1237 1239



558 535 513 513



7 18 16 16



13 900 23600 45 167 45 167
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hydrogen carbons (CH), hydrogen fluoride (HF) and hydrogen chlorine (HC1) were small and thus excluded.



d Demand for a particular waste (t/a). In this case the criterion values of the alternatives are given in Table 6.



Surface water dispersed releases (g6)



1.5. The process



This criterion covers the surface dispersed releases from landfill and composting plants. In a vast majority of lake conditions, the most important nutrient factors causing the shift from a less productive state to a more productive condition are phosphorus and nitrogen (Wetzel, 1982). Nitrogen concentrations in leachates are high and the phosphorus ones low (Ettala et at., 1988). For this reason, nitrogen was chosen to represent the surface water dispersed releases.



Number of employees (g7 ) This criterion refers to the number of employees dealing with waste treatment. The value for this criterion was defined according to data gathered from operating systems similar to the current ones. The greater number of employees being a plus for and alternative is due to the high unemployment in Finland, therefore this criterion is considered to be maximized.



Resource recovery level (g8) This criterion infers the amount of waste that can be recovered. There are three possibilities of adding to the amount of recovered waste: 1. More effective source separation of paper and cardboard and other recyclable waste. 2. Point 1 added by source separation of organic waste. 3. Points 1 and 2 added by incineration of RDF-fuel. The amount of recovered waste (RW) was computed as follows:



RW =



1O0 1O0 if d>~ m * p / 1 0 0 * e / 1 0 0 , d,



(3)



otherwise,



where: RW Amount of a particular recovered waste (t/a). m Total amount of municipal waste (t/a). e Recovery efficiency (%). p Proportion of a particular waste component out of the total amount of waste (%).



During the year 1992 the municipalities in the planning region had acknowledged the problem caused by new Finnish Waste Act. The existing system used in dealing with waste could not be made to meet the requirements of the Waste Act without considerable costs. Therefore a supervisory group was composed of all the potential interest groups in the region for this problem. In the first meeting, in February 1993, the supervisory group set the objectives for the analysis based on the analysts' suggestion. The analysts described how the analysis will be carried out and a general presentation of the multi-criteria method to be used was given. Also the possible criteria to be used were discussed, and the participants had a possibility to add their own criteria to the preliminary list. In the second meeting, in June 1993, the current situation was discussed, and alternative possibilities for dealing with the waste in the region were evaluated with the DMs and the supervisory group. After this, the criterion values were defined for the accepted set of alternatives. These values and how they were obtained were presented to the DMs and the supervisory group in August 1993. Starting in September 1993, the weights for the criteria were collected from technical and environmental committees of the municipalities. In this phase the participants had again a possibility to add criteria to the analysis. In December 1993 the preliminary solution for solid waste management in the region was presented to all municipalities and the supervisory group. The solution was accepted by them and during winter/ spring 1994 all the municipal councils, one by one, accepted the solution suggested. The implementation of the solution will start from the beginning of the year 1995.



2. Description o f the E L E C T R E III method The complex problem of a multicriteria choice is usually formulated by using a set of alternatives
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A = (a, b, c . . . . . n) and a set of criteria ( g l , g2 . . . . . gin). In this case the criteria are realvalued functions defined on set A so that gj(a i) represents the performance or the evaluation of the alternative a ~ A on criterion gj. Depending on whether the target is to maximize or to minimize the criterion gj(ai), the higher or lower it is, the better the alternative meets the criterion in question. Consequently, the multicriteria evaluation of an alternative a ~ A will be represented by the vector



g(a) = (g,(a), gz(a) ..... gin(a)). The value gj(a) of the j-th criterion



for alternative a is not fixed or known exactly. Its value is affected by three phenomena (Roy et al., 1986): imprecision, because of the difficulty of determining it, even in the absence of random fluctuation; indetermination, because its method of evaluation results from a relatively arbitrary choice between several possible definitions; and - uncertainty, because the value involved varies with time. All these three phenomena are well known at various levels of solid waste management. There is a variety of solutions for modelling these phenomena. The concept of the pseudo-criterion and its two thresholds allow all three phenomena to be taken into account. Thus one is led to introducing so-called indifference and preference thresholds on the criteria used in the comparison of alternatives. Each of the gj's taken together with two thresholds denoted by qj and pj, respectively, constitute a pseudo-criterion (Roy and Vincke, 1984; Vincke, 1992). When using the Electre III method, each alternative is at first compared to the other ones, with the aim of using the three aspects either to accept or to reject, or, most frequently, to assess the outranking relation: 'alternative a is at least as high in the priority order as alternative b', or, more briefly, a outranks b or, a S b. The following critical information is needed for the method: - weights of the criteria; - preference and indifference thresholds; - veto thresholds. The latter two are generally determined by analysts. However, if it is possible in a real situation involving a limited number of decision-makers, the -



DMs may also have a say in fixing the veto thresholds. With a large number of DMs, as in our case, this could not be carried out; the DMs were only asked to attach weights to the criteria. The evaluation procedures of the ELECTRE III model (Fig. 2) encompass the establishment of the threshold function, disclosure of concord index and discord index, outranking degree, and the ranking of alternatives, which are further elaborated in the following. Let q(g) and p(g) represent the indifference threshold and preference threshold, respectively. If g(a) >1-g(b):



g(a)>g(b)+p(g(b))~aPb, (4) g(b) +q(g(b)) g ( b ) + p( g( b ) )(7) For all criteria, p(g) > q(g).



pj(gj(a)) and qj(gj(a)) can be calculated according to R o y ' s formula (Skalka et al., 1986):



(i)



pj(gj(a))



(ii)



qj(gj(a)) = aq +/3qgj(a),



= ap + / 3 p g j ( a ) ,



(8) (9)



where gj(a) is the evaluation value of alternative a on criterion j. pj(gj(a)) and qj(gj(a)) can be solved in such a way that threshold values are (Roy et al., 1986): either constant (/3 equals to zero and a has to be determined); or - proportional to gj(a) (/3 has to be determined and a equals to zero); or - of a form combining these two (both a and /3 have to be determined). -
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the alternatives A



of pseudo-criteria g j



]



h



The veto threshold criterion j:
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vj(gj(a)) is defined for each



vj( gj( a) ) = a v + flvgj( a). (13) A discordance index, d(a, b), for each criterion is



For each alternative a: va ues of gj (a), pj [gj(a)], qj[gj(a)]



then defined as follows: veto thresholds v jig/a)]



Outranking degree on each criterion ¢j(a,b)



Levels of discordance Dj(a,b)



]



1



importance indices of ~ the criteria



[ ]



(14)



dj(a, b) = 1 if gj(b) - g j ( a ) > vj(gj(a)), and



O 

 View more...



Comments






















Report "Electre III Example"






Please fill this form, we will try to respond as soon as possible.


Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description








Close
Submit















Share & Embed "Electre III Example"





Please copy and paste this embed script to where you want to embed



Embed Script




Size (px)
750x600
750x500
600x500
600x400





URL










Close











About | 
Terms | 
Privacy | 
Copyright | 
Contact



 
 
 










Copyright ©2017 KUPDF Inc.








 SUPPORT KUPDF


We need your help! 


Thank you for interesting in our services. We are a non-profit group that run this website to share documents. We need your help to maintenance this website.

	
Donate

	
Sharing







To keep our site running, we need your help to cover our server cost (about $400/m), a small donation will help us a lot.





	
Share on Facebook

	
Share on Google+

	
Tweet

	
Pin it

	
Share on LinkedIn

	
Send email




Please help us to share our service with your friends.








No, thanks! Close the box.








