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Multicriteria solutions for environmental
and waste management

S.Opricovic and M.Miloradov

Abstract — The decision making methodology for sustainable
environmental management should include estimation of cumulative,
interactive effects over time caused by current and foreseeable
actions, and searching for a balance of the ecological, social and
economic dimensions. The main aim is to capture all relevant
foreseeable impacts in their most appropriate and representative
units. Practical decision problems are often characterized by several
noncommensurable and competing (conflicting) criteria, with no
solution satisfying all criteria simultaneously. The multicriteria
decision making method VIKOR could be applied for ranking
alternatives and selecting compromise solution from the set of
alternatives. The increasing public concern about environmental
quality forces the development of evaluation models and the
implementation of improvement strategies. Air, water and land
pollution, and particularly waste management, are considered in this
paper as the issues related to environmental protection. Several
solutions are mentioned showing the complexity of solving
environmental protection tasks. Multicriteria decision making for
municipal solid waste management in the region of Novi Sad is
presented as an illustrating example.
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. INTRODUCTION

multicriteria decision, VIKOR method
Humans are the driving force behind urban ecology and
influence the environment in a variety of ways, such as
modifying land surfaces and waterways, deforestation,
and growing pollution. A large demand for chemical use by
industry, construction, agriculture, and energy providing
services have a substantial impact on environment, resulting in
phenomena such as acid rain, eutrophication, and global
warming. Wastes from large urban centers can drive
biogeochemical cycles on a global scale. Due to the pressures
of population and technology, the biophysical environment is
being  degraded, sometimes  permanently.  Formal
environmental protection was stimulated by the United
Nations Conferences. Following this, the governments began
establishing environmental protection agencies. Their
jurisdiction is similar and covers pollution control, land/water
use, and waste management. The increasing public concern
about environmental quality forces the development of
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evaluation models and the implementation of improvement
strategies.

Air, water and land pollution, and particularly waste
management, are considered in this paper as the issues related
to environmental protection. The multicriteria decision making
methodology is introduced in Section 2. Section 3 considers
four issues related to environmental protection. In Section 4,
multicriteria decision making for municipal solid waste
management in the region of Novi Sad is presented,
illustrating alternatives generation, formulation of criteria
functions, evaluation of alternatives in terms of criteria,
application of the VIKOR method and the proposition of final
solution.

Il. MULTICRITERIA SOLUTION BY THE VIKOR METHOD

Practical decision problems are often characterized by
several noncommensurable and competing (conflicting)
criteria, with no solution satisfying all criteria simultaneously.
Applying multicriteria decision making (MCDM), the solution
(compromise) can be determined, which can help decision
makers to reach a final decision.

The use of multicriteria (or multiattribute) approach, as a
framework for sustainable environmental protection, has
several desirable properties: the main aim is to capture all
relevant foreseeable impacts in their most appropriate and
representative units, establishing the hierarchy of indicators as
a systematic way to perceive the entire set of indicators, and
the relative importance of indicators can be used (such as
weights). The indicators could be noncommensurable, such as:
quantitative economic indices (monetary units), quantitative
technical (engineering) measures (kg, sec, m), and qualitative
indices (grades or scores). Indicators of sustainable
environmental protection should be identified and a hierarchy
will be constructed with the following main objectives:
economy (costs and benefits), protection of natural
environment, social acceptability, and institutional. In many
cases, linkages among objectives lead to potential conflicts.
Such cases reinforce the need to interpret results in a balanced
and integrated manner.

For each main objective the indicators for second levels will
be identified. For example, social acceptability could include:
personal and family health, perceiving risk related to
environment degradation, awareness of new management
type, willing to contribute to environmental protection. The set
of criteria (objectives) is constructed defining indicators for
each criterion.

The alternatives of environmental protection should be
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evaluated in terms of formulated criterion functions. The
VIKOR) method is introduced as one applicable technique to
implement within MCDM.

The VIKOR method was developed as a multicriteria
decision making method to solve a discrete decision problem
with noncommensurable and conflicting criteria. This method
focuses on ranking and selecting from a set of alternatives, and
determines compromise solutions for a problem with
conflicting criteria, which can help the decision makers to
reach a final decision.

The compromise solution F°®=(f’,...,f’) is a feasible
solution that is the “closest” to the ideal solution F~ (the best

values of criteria). Here, compromise means an agreement
established by mutual concessions, represented by

Af =f —f°,i=1,..,n.
The alternatives are evaluated according to all established
criteria, resulting in performance matrix | f;;1, where f; is the

value of the i-th criterion function for the alternative A;; n is
the number of criteria; J is the number of feasible alternatives.
The alternatives are ranked by the values Q;, j=1,...,J in
decreasing order.
Q;=V(S; - SIS =S+ L-VR; - RY/(R" =R
where:

Sj:i“wi(fi*_fij)/(fi*_fii) @
R, = mgx[wi(fi* — £ I(F = )] )

fi =max f;, f,

C=min f
J ]

» If the i-th function represents a

benefit; f," = min fi, i if the i-th function
]

“=max f;,
i

S”=maxs;,

represents a cost; S”=min S,
] ]

R"=minR;,
]

R™=maxR;; W, are the weights of criteria, expressing the
]

DM'’s preference as the relative importance of the criteria;

V is introduced as a weight for the strategy of maximum

group utility, whereas 1-v is the weight of the individual

regret, here V. =(n+1)/2n.

The VIKOR software proposes the best ranked alternative
A® as a compromise solution, or a set of compromise
solutions if several (M) alternatives are “in closeness” (close
to the best ranked alternative), Q(A™) — Q(A®) < DQ for
maximum M, DQ =1/J-1).

The VIKOR method is an effective tool in multicriteria
decision making, particularly in situations where the decision
maker is not able to express his/her preference at the
beginning of system design. The obtained compromise
solution could be accepted by the decision makers because it
provides a maximum group utility of the “majority”
(represented by min S, Equation (1)), and a minimum
individual regret of the “opponent” (represented by min R,
Equation (2)). The solution As™ obtained by the minimization
of the distance S in the equation (1) is

A® = agr min ivvidij = agrmax>w, f; /| £ - fi’| :
=1 1 =1
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It provides maximum group utility for the majority. The
solution Az™ obtained by the minimization of the distance R
in the equation (2) is

AY =arg minmax(wd;) .

j i

It provides minimum of maximal regret of the opponent.
The solution Ao™ obtained by the minimization of the
weighted distance Q provides compromise between the above
two decision strategies.

The compromise solutions could be the base for
negotiation, involving the decision makers’ preference by
criteria weights.

The basic ideas of VIKOR had developed by Serafim
Opricovic, in his Ph.D. dissertation in 1979, and an application
was published in 1980 [3]. The name VIKOR appeared in
1990 at national symposium (from Serbian: VlseKriterijumska
Optimizacija i Kompromisno Resenje, that means:
Multicriteria Optimization and Compromise Solution, with
pronunciation: vikor). The paper [12] contributed to the
international recognition of the VIKOR method; it was
identified by Thomson Reuters Essential Science Indicators®™
as the most cited paper in the field of Economics and
Management (Science Watch, Apr.2009).

There are situations when the evaluation of alternatives
must handle the imprecision of established criteria, and the
development of a fuzzy multicriteria decision model is
necessary to deal with either “qualitative” (unquantifiable or
linguistic) or incomplete information. Fuzzy ranking methods
have been developed that can be used to compare fuzzy
numbers, but this is still an interesting research area.

There are two approaches to MCDM in a fuzzy
environment, “conventional” and “fuzzy”. The conventional
approach is based on a nonfuzzy decision model, whereas the
fuzziness dissolution (defuzzification) is performed at an early
stage. The fuzzy approach is based on processing fuzzy data
for decision making, then dissolving the fuzziness at a later
stage. In both cases, diffuzification is necessary since MCDM
results must provide a crisp conclusion. Defuzzification is
selection of a specific crisp element based on the output fuzzy
set, and it also includes converting fuzzy numbers into crisp
scores. There are several defuzzification methods, although
the operation defuzzification can not be defined uniquely.

The Fuzzy VIKOR method is developed as a fuzzy
MCDM method to solve a discrete fuzzy multicritea problem
with noncommensurable and conflicting criteria (Opricovic
2011). A numerical example illustrates an application of
Fuzzy VIKOR to water resources planning, aiming to
numerical justification. Comparisons of the results by different
methods are presented.

Environmental protection is a practice of protecting the
natural environment on individual, organizational or
governmental levels, for the benefit of both the natural
environment and humans. Due to the pressures of population
and technology, the biophysical environment is being
degraded, sometimes permanently. Formal environmental
protection was stimulated by the United Nations Conferences.
Following this, the governments began establishing

ENVIRONMENTAL PROTECTION
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environmental protection agencies. Their jurisdiction is similar
and covers pollution control, land/water use, and waste
management. Protection of the environment is needed due to
various human activities. Air, water and land pollution, and
waste production are some of the issues related to
environmental protection. Protecting air, water and land from
negative impacts of wastes became a goal of environmental
protection. Wastes from urban centers, especially large urban
centers in developed nations, can drive biogeochemical cycles
on a global scale.

A. Air Quality

The concentration of population and industrial development
in many urban areas have led to deterioration of the urban
environment and increasing public concern about
environmental quality, forcing the development of evaluation
models and the implementation of improvement strategies.
One type of models includes quantifiable measures with data
obtained through monitoring or surveys, and the other is
generally based on people’s preferences.

There are studies of multicriteria analysis of environmental
quality in large cities. The results indicate air quality as main
public concern. The deterioration of air quality in metropolitan
area is caused by different pollutant sources, which are
divided into two categories: mobile pollutant sources, which
are emissions from motor vehicles; and immobile pollutant
sources, such as factories, construction work, etc. [18]. The
alternatives are the measures to improve air quality, for
example, increasing the traffic flow efficiency, reducing traffic
flow during peak hours, encouraging the use of low-pollution
fuel, improving and encouraging travel by mass transportation,
elimination of old vehicles, etc. The alternatives were ranked
according to the established criteria, for example,
implementation  costs,  cooperation  of  government
administration, social equity, acceptance by non-polluters,
acceptance by polluters, and amelioration of air quality. The
expert evaluation approach could be used, since quantified
information for the improvement strategies is difficult to
obtain. Experts may judge the effects of each measure of
improvement strategy. The top ranked alternatives in [18] are
the use of low-pollution fuel and establishing rigid standards
for the immobile polluters.

Air quality and odor control are addressed as critical
elements for sustainable waste management in the paper [2][.
The issue is concerned in presence of incinerators, for air
pollution control, and landfill, mainly for odor, but it is usually
neglected when segregated dry waste treatment is involved. A
modern segregated waste treatment plant, already compliant
with regulations requirements regarding indoor air quality, is
taken as a case study to prove the effectiveness of a
biotechnological treatment for air pollution and odor control.
The system is based on bio-oxidizers that provide internal air-
mixing and capture particulates and gases. Both gaseous
contaminants and particulate matter appear to be effectively
captured and treated by the system.

B. Sustainable Land use

Land is very important resource, but this resource has been
poorly managed and not protected in recent decades. The
physical, chemical and biological condition of the soils has
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deteriorated owing to irrational land use, common practice of
clear-felling of forests, disregard of soil protection measures,
improper cultivation techniques on slopes and hilly areas.
Unprofessional fertilization, atmospheric acid sedimentation,
the use of different acidic by-products and wastes, and the lack
of liming caused an increase in soil acidification. Applying
chemicals in agriculture we pollute soil and water sources
(surface and underground). There is no appropriate
methodology for evaluating sustainable land use,
encompassing all biophysical and socioeconomic criteria. The
future projects should improve the state of the art emphasizing
that the land is not only commercial products but, rather, a
heritages that must be protected, defended and treated as such.
This could contribute very much sustainable land-use.
However, the existing scientific, economic and legal
instruments are currently beset by serious methodological
shortcomings, hampering the implementation of strategies.
There are diverse conditions and needs in the countries that
require different specific solutions in sustainable development.
This diversity should be taken into account in the planning and
execution of measures to ensure protection and sustainable use
of natural resources. Decisions should be taken as close as
possible to the locations where natural resources are affected
or used. Priority should be given to measures adjusted to
regional and local conditions.

A particular example is presented in the article [11]. A
multicriteria model is developed for analyzing the planning
strategies for reducing the future social and economic costs in
the area with potential natural hazard. The developed
multicriteria decision making procedure consists of generating
alternatives, establishing criteria, assessment of criteria
weights, and application of the compromise ranking method
(VIKOR). The alternatives are the scenarios of sustainable

hazard effects mitigation, generated in the form of
comprehensive  reconstruction  plans, including the
redevelopment of wurban areas and infrastructures,
multipurpose land-use, and restrictions on building in

hazardous areas. The plans have to be evaluated according to
the criteria representing: public safety, sustainability, social
environment, natural environment, economy, culture, and
politics. The multicriteria model treats all relevant conflicting
affects and impacts in their representative units. The
evaluation of alternatives is implicated with imprecision (or
uncertainty) of established criteria, and the fuzzy multicriteria
model is developed to deal with “qualitative” (unquantifiable
or linguistic) or incomplete information.

The application of this model is illustrated with the post-
earthquake reconstruction problem in Central Taiwan;
including the restoration concerning the safe and serviceable
operation of “lifeline” systems such as electricity, water, and
transportation networks, immediately after a severe earthquake
[11]. Long-term reconstruction projects for earthquake-
affected areas are needed to provide data for evaluation of
alternative development plans. Due to the lack of original data,
the data from the literature are used as supplementary
information. The “921” earthquake in Central Taiwan in 1999
had a magnitude of M =7.3. The epicenter was located in
Nantou County. In this area there are five main faults
indicating the potential earthquakes, and making the regional
planning a more difficult task. For multicriteria analysis of
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reconstruction plans, the alternatives (scenarios) of post-
earthquake reconstruction could be generated using the
information related to “system parameters” as follows.

S, S,, S5~ assame as for the “921” earthquake epicenter;

S, - number of reallocated settlements: from O up to 5000
houses, in the towns near the faults;

Sy - land-use types: existing plan; more forestry, agriculture,
and recreation areas; hydropower from small-dam cascades;

S - development regulations: zoning, to ban construction

within the hazard area, either side near the fault line; different
regulations for urban and rural areas;

S, - fiscal policies: insurance, income tax;

Sg - construction techniques: buildings may be restricted to

one or two floors near the fault zone, “smart structures” and
“structural optimization” could be considered for this area.

Using different values of the parameters s, 5 alternative
scenarios are generated. The alternatives are evaluated
according to the established criteria: reconstruction costs,
gross dom. production, destroyed houses, damaged houses,
restoration ability, sustainability, public acceptability,
government preference.

The multicriteria optimization method VIKOR is applied to
help decision makers achieve an acceptable compromise. The
compromise solution is determined which could be accepted
by the decision makers because it provides a maximum “group
utility” of the “majority”, and a minimum individual regret of
the “opponent”.

The results of multicriteria optimization could indicate the
new plan and measures for improving global safety within the
area with potential natural hazard. To answer the questions
how and when to implement the land-use plan over study area,
the research should continue by solving the allocation and
scheduling problem under budgetary constraints

A similar approach could be applied for the other area with
potential natural hazard (flood, tornado, or drought).

Postindustrial landscape redevelopment is considered as a
meta-study by examine the design of large urban surface [5].
This meta-studies process facilitates building landscape
architecture theory providing design principles and norms.
The paper put forward noteworthy ideas regarding the
importance of postindustrial land transformation to the overall
land management. It facilitated the identification of a set of
planning and design principles that contribute to the
sustainability of the land use planning, and to the multicritera
decision making within land management.

C. Water Management

The surface and underground waters available for
utilization has decreased significantly, and their quality has
deteriorated [7]. Pollution of subsurface waters can mainly be
characterized with the high concentration of nitrates, which is
due to the lack of sewage network in settlements and large
animal farms and improper fertilizer and manure use. Waters
in many countries are under increasing pressure from the
continuous growth in demand for many different purposes [6].
More and more water is needed for irrigation, requiring large
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systems and new methods [3]. Applying chemicals in
agriculture we pollute soil and water sources (surface and
underground).

The EU's Water Framework Directive (2000) stipulates that
a programme of schemes is to be laid down in a management
plan for each river basin by 2010 which will ensure all ground
water and surface water is of a “good status”[18]. For the
purposes of environmental protection there is a need for a
greater integration of qualitative and quantitative aspects of
both surface waters and groundwaters, taking into account the
natural flow conditions of water within the hydrological cycle.
The article 16 of WFD defines Strategies against pollution of
water. The European Parliament and the Council shall adopt
specific measures against pollution of water by individual
pollutants or groups of pollutants presenting a significant risk
to or via the aquatic environment, including such risks to
waters used for the abstraction of drinking water. For those
pollutants measures shall be aimed at the progressive
reduction and, for priority hazardous substances, at the
cessation or phasing-out of discharges, emissions and losses.
The article 17 defines Strategies to prevent and control
pollution of groundwater. In order to identify the impact of
human activity on waters the following is necessary:

- Estimation and identification of significant point and

diffuse source pollution, from urban, industrial, agricultural
and other installations and activities.
Estimation and identification of significant water
abstraction for urban, industrial, agricultural and other uses,
including seasonal variations and total annual demand, and of
loss of water in distribution systems.

- Estimation and identification of the impact of significant
water flow regulation, including water transfer and diversion,
on overall flow characteristics and water balances.

- ldentification of significant morphological alterations to
water bodies.

Estimation and identification of other significant
anthropogenic impacts on the status of surface waters.

- Estimation of land use patterns, including identification of
the main urban, industrial and agricultural areas and, where
relevant, fisheries and forests.

- Assessment of the susceptibility of the surface water status
of bodies to the pressures identified above.

- Use the information collected above, and any other
relevant information including existing environmental
monitoring data, to carry out an assessment of the likelihood
that surface water bodies within the river basin district will fail
to meet the environmental quality objectives.

- Utilize modelling techniques to assist in such an
assessment.

- For those bodies identified as being at risk of failing the
environmental quality objectives, optimize the design of both
the monitoring programmes and the programmes of measures.

This could contribute very much sustainable water use.
However, the existing scientific, economic and legal
instruments are currently beset by serious methodological
shortcomings, hampering the Directive's implementation.
There are diverse conditions and needs in the Community that
require different specific solutions in sustainable development.
Decisions should be taken as close as possible to the locations
where waters are affected or used. Priority should be given to
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measures adjusted to regional and local conditions. The
success of these projects relies on information, consultation
and involvement of the public, including users [15]. There
were attempts to implement WFD in Serbia [8].

An economical-ecological problem related to the
management of a wastewater treatment system is solved in the
paper [1]. A wastewater treatment system consisting of several
purifying plants is considered. It is assumed that each of the
plants is controlled by a different organization (municipal
governments), and that each of them has to take care of a
small number of sensitive areas, in such a way that a penalty is
imposed on the plant if the water pollution levels in one of its
associated zones is greater than a threshold level. The
wastewater treatment problem consists of finding the
purification strategy in each plant minimizing the cost
functional (purification cost and penalties) at every plant. The
problem is formulated as a multi-objective (multicriteria)
optimal control problem, looking for Pareto-optimal solutions.
A Pareto-optimal solution is a solution S, if there does not exit
any other solution S better than Sy according to all objectives
(criteria). When assuming domestic discharges, it is usual to
take faecal coliform (FC) bacteria as indicator of the water
quality. The management of a purification plant is equivalent
to determine the amount of FC discharged after purification.
Pareto-optimal solutions provide with purification strategies
improving the results for the plants. The FC concentrations
corresponding to those solutions are also obtained.

An application of MCDM method to water resources
planning of Serbian system is presented in [13]. The
comprehensive analysis was required to resolve conflicting
technical, social and environmental features. Even if the
topographic surveys confirm that the required reservoir
capacity is available, a hydrological solution may conflict with
environmental, social, and cultural features. The Fuzzy
VIKOR method was applied to evaluate alternative systems on
the Mlava River. The alternatives were generated by varying
two system parameters, dam site and dam height. Six
alternatives were selected for multicriteria optimization. The
designed reservoir systems are evaluated according to four
criteria: investment costs (in 10° US$) ,water supply discharge
- yield (m*/s), social impact (%) on urban and agricultural area
expressing local regret as percentage of the regret in the
alternative with maximum social impact, impact on the
monastery Gornjak is graded by the experts. This numerical
example illustrates an application of the Fuzzy VIKOR
method to water resources planning, aiming to numerical
justification. It is an intention to illustrate the conceptual and
operational validation of the application of this method in real
world problem.

D. WasteMmanagement

Waste management is the collection, transport, processing
or disposal, managing and monitoring of waste materials.
Widely accepted hierarchy of priorities is as follows:
prevention of waste material being created
reduction by appropriate technologies and products
separation of waste materials
reuse of waste materials
recycling of waste materials by reprocessing into new
products
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incineration or thermal treatment to generate heat or
electricity

composting to decompose organic waste material,
recycling as compost/fertilizer

disposal of waste in a landfill.

The aim of this hierarchy is to extract the maximum
practical benefits and to generate the minimum amount of
waste.

The waste is produced by different human activities. Waste
represents a considerable loss of resources both in the form of
materials and energy. Reducing the material intensity of
production and consumption of goods and services is essential
to environmental protection and resource conservation.
Reductions in intensity of material use can be achieved by
more efficient use of natural resources in production and
consumption, by recycling used and waste material, and by
shifts in consumption patterns to less material intensive goods
and services. The treatment and disposal of the generated
waste may cause environmental pollution and expose humans
to harmful substances and bacteria, and therefore impact on
human health. The optimization subject is the proportion of
waste generated (collected) which is recycled, composted,
incinerated, or landfilled on a controlled site. The proper
treatment and disposal of waste is important from an
environmental and social viewpoint but can be an economic
burden on industries, municipalities and households. The
amount of waste recycled and composted reduces the demand
for raw materials, leading to a reduction in resource extraction.
There may also be a benefit of increased income generation
for the urban poor through recycling schemes.

Environmental performance at waste management is
achieved by consuming less, emitting less, reuse, achieving
financial objectives, protecting the environment, complying
with all rules and regulations. Environmental protection
criteria are conflating with economic. For example, high GDP
growth is generally considered a positive sign of economic
development, but it is often associated with higher energy
consumption, exploitation of natural resources and negative
impacts on environmental resources. Implementation of
environmental protection measures needs financial resources,
although this could not be the excuse for the negligence in
waste management, particularly in waste disposal. The bad
situation with waste disposal forces the developing countries
to improve waste management. In Serbia, there are projects
related to waste management, for example, the project of
regional hygienic landfill for municipal solid waste with
recycling center in Sremska Mitrovica [9].

A construction waste management model is considered in
the paper [4]. Four components are identified in the
conceptual framework: regulation, policy, technology and
guideline. These four measures are used to ensure the 3R
strategy (reduce, reuse, recycle) being implemented
efficiently. From the conceptual framework indicates that less
waste to dispose and more reuse and recycle of waste should
be done. The framework helps in engaging all stakeholders to
collaborate with the government in construction waste
management implementation. Government is called to cut off
the serious issues of waste that arise during construction.

The paper by Tsaur (2014) concludes the recovery stations
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hold a key role in the recycling process [17]. The study finds
positive relationships between motivation to recycle and
satisfaction with recovery stations, between satisfaction with
recovery stations and willingness to recycle, and between
motivation to recycle and willingness to recycle. A promote
strategy to get unmarried people to recycle is proposed.

A framework of Port solid waste management is presented
in the paper [14]. This article aims at presenting a
methodology for the collection, transportation, treatment and
disposal, with emphasis on waste classification and
segregation, and automation technology that makes possible
the implementation of the management plan.

Air quality and odor control are addressed as critical
elements for sustainable waste management in the paper [2].
The issue is concerned in presence of incinerators, for air
pollution control, and landfill, mainly for odor, but it is usually
neglected when segregated dry waste treatment is involved. A
modern segregated waste treatment plant, already compliant
with regulations requirements regarding indoor air quality, is
taken as a case study to prove the effectiveness of a
biotechnological treatment for air pollution and odor control.
The system is based on bio-oxidizers that provide internal air-
mixing and capture particulates and gases. Both gaseous
contaminants and particulate matter appear to be effectively
captured and treated by the system.

Here, a special focus is put on the waste treatment, with an
illustrative example. The task is to decide on the proportion of
municipal solid waste generated (collected) which is recycled,
composted, incinerated, or landfilled on a controlled site.

IV. ILLUSTRATIVE EXAMPLE

Municipal solid waste management in the region of Novi
Sad has been considered [10], [16]. The waste generation is
constantly increasing due to several factors such as growing
population and industrial development, as well as changes in
the consumer habits.

The objective is to develop the methodology to assess the
efficiency of alternative programs both environmentally and
from the economic and social perspectives. The parameters for
optimization model are the percentages of waste which are
recycled, composted, incinerated, and landfilled on a
controlled site. The amount of waste recycled and composted
reduces the demand for raw materials, leading to a reduction
in resource extraction. There may also be a benefit of
increased income generation for the urban poor through
recycling schemes.

This model will help decision makers optimize the
performance of their waste management programs. The
Table 1. Alternatives of treatment system

Volume 10, 2016

alternatives are generated combining the parameters for
optimization of waste treatment, and they are presented in
Table 1. For example, 100 % (or 99 %) of landfilling means
total collected waste goes to landfill, or 44 % of incineration
means the percent of total waste treated by incineration.
Constraints are seen as high-priority objectives, which must be
satisfied in the alternatives generating process.

The formulation of the optimization criteria is based on the
indicators. The indicators could be grouped to:

Social: health, security, education, equity, housing, and
population

Environmental: atmosphere, land, rivers, seas, fresh water
and biodiversity

Economic: economic structure and consumption/production
patterns

Institutional:
capacity.

For example, indicators for the operation cost as an
economic criterion are:

Operation costs for disposal of waste in a landfill (well-
managed and hygienic), €/Ton

Operation costs for recycling of waste materials, €/Ton

Operation  costs for  composting  (recycling
compost/fertilizer), €/Ton

Operation costs for incineration to generate heat, €/Ton

Operation costs for incineration to generate electricity,
€/Ton.

The operation cost is formulated as follows:

f, =>c,Wp, /100

a

institutional framework and institutional

as

where: ¢, is unit operation cost for a-th activity, W total

yearly waste, p, is the percent of waste W treated by the a-

th activity.

The most relevant indicators could be chosen through a
selection process that included opinions from experts,
literature review based on relevance and applicability to
different waste program settings.

Three questionnaires are designed in order to collect
information related to the opinion and preference of decision
makers at national, regional and local levels, and the data for
existing system from managers.

The alternatives are evaluated according to all established

criteria, resulting in performance matrix |fij| , Where f; isthe

value of the i-th criterion function for the alternative A;; n is
the number of criteria; J is the number of feasible alternatives.
The evaluation results obtained by different procedures are
presented in Table 2.

Activity Alternatives
Al A2 A3 Ad A5 A6
Landfilling % of collec.w. 99 99 69 0 30 30
Recycling % 1 1 10 1 20 6
Composting % 0 0 30 0 0 0
Incineration % 0 0 0 99 44 44

Table 2. The values of criterion functions and weights

Criteria |

Alternatives

Weights
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Ext. Al A2 A3 A4 A5 Ab SWi1 SW2 SW3
N emissions Min 332 84 206 0 0 0 1 1 2
CO, emissions Min 294 243 233 0 0 0 1 1 2
TOC/ Tot.organ.Carbon Min 116 116 99 2 160 160 1 1 2
Recycling % Max 1 1 10 1 20 6 1 2 3
Landfilled % Min 99 99 72 30 30 44 1 2 2
Landfill m*/(capita ,y) Min 0.4 0.4 0.28 0.08 0.09 0.13 1 1 1
Operation costs €/t Min 78 90 84 120 107 136 1 2 1
Generated ener.TJ Max 0 0 0 1188 1080 1080 1 1 1
Consumed ener.TJ Min 14.9 17. 20. 18. 55. 164. 1 1 1

Source: Miloradov et al. 2013 [10].

The results by the VIKOR method are determined with data
from Table 2.

The results by the VIKOR method with equal criteria
weights w; = 1:

Ranking list: A4 (0.065),
(0.662, A2 (0.869), Al (1.0).

Ranking is performed by the values Q, in parentheses.

VIKOR proposes set of compromise solutions {A4, A5},
because they are in closeness

The results by the VIKOR method with the weights
{1,1,1,2,21,2,1,1}, giving importance to f4 — Level of
recycling, f5 — Total landfilled waste after treatments, f7 —
Operation costs:

Ranking list: A5 (0.0), A3 (0.4), A4 (0.561), A6 (0.783),
A2 (0.959), Al (1.0).

VIKOR proposes alternative A5 as the compromise
solution.

The results by the VIKOR method with the weights
{2,2,2,3,2,1,1,1,1}, giving importance to fl - Nitrogen
emissions, f2 — CO, emissions, f3 — Total organic carbon, f5 —
Total landfilled waste, and particularly to f4 — Recycling:

Ranking list: A5 (0.137), A3 (0.300), A6 (0.415),
(0.516), A2 (0.910), Al (1.0).

VIKOR proposes set of compromise solutions {A5, A3},
because they are in closeness

Observing the positions of proposed compromise solutions,
we may conclude that A5 is the most stable one, and
alternative A5 is proposed for final decision.

Selected treatment system (A5) consists of mechanical-
biological treatment (MBT) plant, incineration in cement Kiln,
sanitary landfill, and market for recycling material. From
collected municipal soled waste 6 % is recycled. The main
part goes to MBT plant. After MBT, 44% of collected waste
goes as a fuel in cement kiln, 30 % goes to landfill, and one
part is gases emissions. In cement factory, 14% is used as
clinker for cement production, and it is counted as recycling.

Required landfill volume is 42000 m® per year, and
treatment system cost is Euro 20 million per year. Comparing
with existing landfilling of 100% of waste, the new landfill is
4.5 times smaller, and system is 20% more expensive.

A5 (0.093), A6 (0.524), A3

A4

V CONCLUSION

Environmental protection is considered as a practice of
protecting the natural environment on individual,
organizational or governmental levels, for the benefit of both
the natural environment and humans. Protection of the
environment is needed due to various human activities.
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Protecting air, water and land from negative impacts of wastes
became a goal of environmental protection.

The decision making methodology for sustainable
environmental management should include estimation of
cumulative, interactive effects over time caused by current and
foreseeable actions, and searching for a balance of the
ecological, social and economic dimensions. Compromising is
necessary when goals are clearly incompatible and mutually
exclusive, decision makers have equal power, and partial
satisfaction maybe better and feasible. In negotiations, the
parties realize the potential of a compromise and can assess
main features of the agreement established by mutual
concessions. Compromising can be supported by a
multicriteria decision making methods and tools, such as the
VIKOR method. The VIKOR method assumes all parties
acting as one rational decision maker in compromising, and
the preference is expressed by the weights of criteria. The
obtained compromise solution could be approved by the
decision makers because it provides a maximum group utility
of the “majority” and a minimum individual regret of the
“opponent”. The main contributions of VIKOR to conflict
resolution are: consideration of the decision making process in
addition to the result; the use of criteria which is more
meaningful for decision makers than utilities; search for the
set of compromise solutions rather than one solution; and,
interactivity which allows decision makers to participate in
and control the decision process (by weights).

The main activities for the implementation of the solution
will take place in the context of environmental protection
project led by local authorities. Priority should be given to
measures adjusted to regional and local conditions. It is
necessary to establish an integrated monitoring and
management system in order to maintain high status of
environment. Also, the success of the project relies on
information, consultation and involvement of the public.

A more general ecosystems approach to environmental
resource management and environmental protection aims to
consider the complex interrelationships of an entire ecosystem
in decision making rather than simply responding to specific
issues and challenges. The decision making would be a
collaborative approach to planning and management that
involves a broad range of stakeholders across all relevant
governmental departments, as well as representatives of
industry, environmental groups and community. To apply the
VIKOR method, the management alternatives should be
evaluated in terms of established criteria for the stated
management problem.
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