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RESUMO

In Brazil, the disposal of construction and demolition waste (CDW)
quite often occurs in inadequate places, resulting in social, economic,
and environmental problems. This reflects the need for selecting
appropriate areas for the disposal of this type of waste. These areas
must follow local standards and regulations to protect human health
and the environment. Considering that, this study is intended to
indicate potentially suitable areas for CDW landfill deployment, known
as Class A landfill in Brazil, supported by a GIS-MCDA based model.
The GIS-MCDA technique, used as a basic tool to identify potentially
suitable areas, has several advantages, such as low cost, reduced
spatial data subjectivity, and fast decision-making process. The place
chosen for this study is the Urban Central Core of the Metropolitan
Area of Curitiba. By integrating GIS with MCDA techniques in this
research study, it was possible to indicate potentially suitable areas for
CDW disposal in this region.

Keywords: construction and demolition waste; waste management;
environmental planning; environmental protection; landfill.

No Brasil, a disposi¢cdo dos residuos de construgdo e demoligdo é
frequentemente efetuada em locais inapropriados, resultando em
problemas sociais, econdmicos e ambientais, o que demonstra a
necessidade de dreas aptas para a sua correta disposicdo final. A area
adequada deve estar de acordo com as regulagdes e normas locais.
Considerados esses fatos, o objetivo do presente trabalho é indicar
possiveis dreas aptas para a construgdo de um aterro classe A, apoiado
por um modelo baseado em SIG-MCDA. O SIG-MCDA, que ¢é utilizado
na identificagcdo de possiveis areas aptas, apresenta diversas vantagens:
baixo custo, redugdo da subjetividade do dado espacial e processo de
tomada de decisdo mais agil. O local de estudo escolhido foi o Nucleo
Urbano Central de Curitiba. A integracdo do SIG com as técnicas
de MCDA nesta pesquisa resultou na indicagdo de possiveis areas
adequadas para o descarte dos residuos de construgdo de demoligdo
para essa regiao.

Palavras-chave: residuos de construgdo e demoli¢do; gerenciamento de
residuos; planejamento ambiental; prote¢do ambiental; aterros sanitarios.
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Geographic Information Systems supported by multi-criteria decision analysis
to indicate potentially suitable areas for construction and demolition waste disposal

Introduction

The illegal disposal of construction and demolition waste in
Brazil is considered a matter of public concern and may result in
several disadvantages for society as a whole, such as high costs for
public drainage and health systems, because waste sedimentation
may increase the chances of flooding, contributing to soil and sur-
face water contamination and obstruction of urban drainage sys-
tems (Ferreira and Pinto, 2010; Pinheiro et al., 2019). Among the
various approaches developed for municipal solid waste manage-
ment, landfills continue to be the main final destination of waste
(Costa and Silva, 2011). When properly segregated, construction
and demolition waste (CDW) in Brazil is deployed as construction
and inert waste in landfills (ABNT, 2004).

When selecting CDW disposal sites, it is extremely important to
adopt a prevention policy to ensure environmental integrity and the
well-being of the population. Site selection requires the collection
and processing of a wide range of information on environmental
aspects, socioeconomic status, and operational location. In addi-
tion, it should consider the interaction between planning and waste
management (Geneletti, 2010). Moreover, the criteria established
and used to indicate potentially suitable sites for landfill construc-
tion need to be technically defined and analyzed. This is a complex
process because its evaluation requires time devoted by the parties
involved. In addition, it is an expensive decision-making process
since it involves different criteria for site selection (Rikalovic et al.,
2014).

It is important to consider other methods that accelerate and
minimize the costs of area selection. For example, we can mention
the Geographic Information System (GIS) and Multi-Criteria De-
cision Analysis (MCDA) techniques. This combination has been
widely used in site selection and urban planning studies, as men-
tioned by Ramos (2000), Dalmas et al. (2011) and Geus et al. (2019).
Regarding spatial analysis, several decision-making problems give
rise to the MCDA technique combined with GIS (Boroushaki and
Malczewski, 2008). Contribution and research progress in terms
of integration between GIS and MCDA derives from the synergy
between these two distinct sets of decision-support tools. GIS tech-
nique can improve MCDA capabilities by exploring the decision
situation and supporting the learning and discovery process, while
MCDA integration into the GIS can improve GIS limited capabili-
ties in data storage and analysis, according to the decision maker’s
preference (Malczewski and Rinner, 2015). This technique has been
useful to indicate suitable areas to receive different types of devel-
opments, when different criteria are related to the decision-making
process (Demesouka et al., 2013; Koc-San et al., 2013).

Therefore, this study is intended to indicate potentially suitable
areas for the disposal of CDW in the Urban Central Core of the
Metropolitan Area of Curitiba, using Spatial Analysis tools in a Geo-

graphic Information System environment, supported by the MCDA
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technique and pre-established criteria. GIS-MCDA integration has
never been used to manage CDW in this region and can contribute
to decision-making processes in waste management. Thus, it can
help protect human and environmental health, considering Brazil’s
current CDW standards and applicable specific legislation.

Material and Methods

Several methods can be adopted for the selection of landfills.
In this study, GIS software known as ArcGIS® associated with
MCDA tools was used. Research development was supported
by the following MCDA techniques: Delphi, Boolean, Analyti-
cal Hierarchy Process (AHP), and weighted linear combination
to analyze criteria related to the spatial problem. The choices of
these tools were due to the difference between the criteria and the
need for convergence among them, but also to reduce subjectiv-
ity during decision-making to indicate potentially suitable areas
(Biju, 2015).

The selected assessment criteria must be measurable — spatial-
ized — and have compatible formats, so that they can be processed
together in the GIS environment. The criteria used to indicate
potentially suitable areas were defined according to the Brazilian
Standard No. 15.113/2004 (ABNT, 2004). This standard establish-
es the basic requirements and criteria for CDW landfill site selec-
tion, which is the main objective of this research. Moreover, this
standard is in accordance with the Brazilian regulation for waste
management, such as The National Policy of Solid Waste — Law
No. 12.305 of 2010 and CONAMA resolution No. 307 of 2003 —
National Environmental Council (Brasil, 2002, 2010). Therefore,
the criteria selected, which were based on the mentioned standard,
are: Distance from urban centers; Water resources; Road distances;
Land use and land cover; Zoning; Soil classes; Geology; Slope and;
Environmental protection areas. Some criteria require more than
one set of geospatial data to be analyzed in the GIS and comply with
different legislations, as observed in Table 1.

After criteria selection, inadequate parcels of the study area
needed to be excluded, e.g., water bodies, protected areas, urban
areas. Moreover, Geus et al. (2019) state that the adequacy models
with Boolean overlapping are useful, for example, to eliminate en-
vironmental protection areas, parks, and squares, 30-meter strips
on both sides of urban streams and rivers, or even places subject to
landslides or floods. The GIS technique allowed a logical operator
(Boolean) to be used to carry out intersections between the layers
of geographic data, represented by the selected criteria and their
respective restrictions. Therefore, the study performed the logical
operations of types A and B, resulting in all elements contained in
the intersection between A and B. Mitchell (2012) describes the
Boolean adequacy model as one of the most used models to assess
areas for a particular use. According to him, this type of adequacy

model divides a site into two distinct groups or sets: those that are
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adequate (value 1) and those that are not (value 0). The model as-
sesses whether each site meets each criterion. The answer must be
“yes” (value 1) for all criteria assigned so that a site can be included
in the set of suitable places. The benefit of the Boolean approach
is its simplicity and easy application, with a logical combination of
maps, in a GIS environment directly analogous to the traditional
method of overlapping employed in light tables. Thus, a map for
constrained/not suitable areas was created.

Also, it may not be appropriate to treat each of the combined
criteria as equally important (Camara, 1995). Usually, criteria have
different levels of importance, which may hinder the decision pro-
cess difficult. That is why it is necessary to define which of these
criteria have a greater degree of importance in accordance with the
decision-makers’ view. According to Malczewski (1999), these dif-
ficulties can be reduced when all the criteria are standardized and
classified through weighting assignment. For this reason, this study
decided to draft and send a questionnaire based on Delphi tech-
niques associated with the AHP to several experts on the subject.
The questionnaire is intended to facilitate formal discussion among
experts, especially when they cannot get together in one place
(Wakefield and Watson, 2014). According to Gupta and Clarke
(1996), this method aims to reach the most reliable consensus in

a group of experts through a series of questionnaires interspersed

Table 1 - Sources of spatial data and normative references used.

with feedback. The Delphi process is characterized by a set of sur-
veys and it is necessary to have two to three rounds of question-
naires. This technique is widely used to access expert’s opinion and
to enhance clarity of the subject (Page et al., 2021).

As stated before, combined criteria should not be handled
equally. In fact, to reduce bias, criteria must be standardized and
prioritized. MCDA aims to structure, design, and assess decisions
according to the stakeholders” views, and to transform this into a
decision. Therefore, the AHP method developed by Saaty (1987)
was chosen because the method is intended to assist the deci-
sion-making process based on qualitative and quantitative criteria,
aiming to analyze the expert’s judgment in the decision process,
transforming complex problems into simpler ones by decision hier-
archy. The AHP consists of a pairwise comparison, followed by the
construction of a comparison matrix on a fundamental scale from
1 to 9 to rank the selected criteria (Saaty, 1990). Moreover, the AHP
is widely used in environmental decision-making (Gorener et al.,
2012), which demonstrates that AHP is a methodology that fits the
purpose of this research.

Therefore, a survey was designed according to the Delphi meth-
od, two rounds of questionnaires were sent to a set of experts, who
were chosen due to their expertise in CDW management. As the min-

imal number of experts required by the method is 10, an invitation to

Spatial data Standard established by

Urban area (Urban Central Core)

Slope ABNT 13896/1997 (ABNT, 1997)

Roads and Highways
Geology

Water Resources

State Law No. 139/2011 (Parang, 2011) and Laws from each of the Municipal governments involved

ABNT 15.113/2004 (ABNT, 2004) and DER-PR
NAPA - National Asphalt Pavement Association

Federal Law No. 12.651/2012 (Brasil, 2012); Parana State Law No. 5.305/1998 (Paran4, 1998)

Rivers Federal Law No. 12.651/2012 (Brasil, 2012), Parana State Law No. 5.305/1998 (Parand, 1998)

Soils EMBRAPA, 2013 and 2014; Ross, 1994

Conservation Units

Federal Law No. 9.985/2000 (Brasil, 2000)

Land use and occupation

Land use and land cover

Zoning

Laws from each of the Municipal governments involved (Rio Branco do Sul, 1998; Campo Magro, 2000, 2012;
Curitiba, 2000; Quatro Barras, 2000; Itaperugu, 2001; Campina Grande do Sul, 2004; Colombo, 2004; Sao José
dos Pinhais, 2005; Almirante Tamandaré, 2006; Fazenda Rio Grande, 2006; Campo Largo, 2007; Piraquara, 2007;
Pinhais, 2009; Araucéria, 2010)

Laws from each of the Municipal governments involved (Rio Branco do Sul, 1998; Campo Magro, 2000, 2012;
Curitiba, 2000; Quatro Barras, 2000; Itaperugu, 2001; Campina Grande do Sul, 2004; Colombo, 2004; Sao José
dos Pinhais, 2005; Almirante Tamandaré, 2006; Fazenda Rio Grande, 2006; Campo Largo, 2007; Piraquara, 2007;
Pinhais, 2009; Araucdria, 2010)

Laws from each of the Municipal governments involved (Rio Branco do Sul, 1998; Campo Magro, 2000, 2012;
Curitiba, 2000; Quatro Barras, 2000; Itaperugu, 2001; Campina Grande do Sul, 2004; Colombo, 2004; Sao José
dos Pinhais, 2005; Almirante Tamandaré, 2006; Fazenda Rio Grande, 2006; Campo Largo, 2007; Piraquara, 2007;
Pinhais, 2009; Araucéria, 2010)
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answer our survey was sent to 26 experts with relevant expertise in
the area. In these questionnaires, the AHP technique was applied to
compare, rank, and standardize the criteria. Also, there was an open
question within the survey, where the experts could suggest changes
in the set of criteria. After that, the first round of responses of the pair-
wise comparison was processed, and the criteria were normalized and
staggered. Moreover, according to the experts, the criteria were enough
and in accordance with the purpose of this research.

While the first round of questionnaire responses was processed in
Expert Choice, the geographic data in vector format of the criteria were
converted into raster data in a GIS (ArcGIS®) environment, whose ob-
jective is to create adequacy maps from algebra calculations between
variables. Subsequently, all raster data were standardized (reclassified)
on a common scale from 1 to 5, with 1 being the least adequate and 5
being the most adequate. According to Esri (2015) resources, reclassi-
fication is considered an adequacy model done by assigning values of
preference, sensitivity, priority, or similarity, thus creating a common
scale of values. After response processing, the second round was sent to
experts within the feedback responses, and another open question was
sent to verify if they agreed with the results of the analysis.

For the criterion “Distance from the urban center”, the study con-
sidered a buffer with intermediate values, starting with 1 (less suit-
able) as 100 meters, 2 as 200 meters, 3 as 300 meters, 4 as 400 me-
ters, and 5 and above as 500 meters (more suitable). From 200 meters
onwards, suitability increases since areas around urban centers are
less suitable. The study chose the values according to the municipal
laws (land use and zoning law) of the 14 cities studied. Based on the
criterion “Distance from highways and roads” and according to Asso-
ciagdo Brasileira de Normas Técnicas (ABNT) 15.113 (ABNT, 2004),
a landfill should not be located too far from highways, streets, and
roads. In fact, the same rule defines the minimum distance between
roads and the selected area. According to the Department of Roads
and Transportation of the State of Parana, the extent of disused areas
is 15 meters, but there is still the field range of the highway, and it
can reach 70 meters on both sides of the highway (DER-PR, 2012).
Therefore, the study created a multiple buffer of roads and highways
with the following distances: 100 meters, 200 meters, 250 meters,
300 meters, and 350 meters. Considering that 250 meters is an inter-
mediate value (not near and not far from the main roads), it is con-
sidered the best distance (value 5). The greater the distance, the less
suitable the area is; the distance of 350 meters was reclassified as 2,
and distances above this value were reclassified as 1. Distances lower
than 100 meters were constrained using Boolean operator, since these
areas were not suitable.

The land use and occupation criterion for assigning pre-defined
values was based on each city’s zoning laws. In many municipalities,
protected areas, such as parks, reserves, conservation units, and other

areas, are already included in their zoning map. Therefore, these pro-

tected areas were classified as restricted, being assigned value 0. Values
from 2 to 4 were assigned according to the zoning regulation. In some
municipalities, industrial and/or rural areas were assigned value 5
(more suitable). Moreover, in some municipalities, this type of work
implantation is allowed in their industrial and rural areas, so value 5
was assigned to both places.

Soils were reclassified according to their fragility: 1 (less suitable)
for Gleysols and 5 (more suitable) for Latosols, according to the Bra-
zilian Agricultural Research Corporation (Embrapa Solos, 2013) and
Ross (1994). Geologically, value 1 was assigned to sedimentary rocks
and value 5 to igneous rocks, according to the mechanical resistance of
rocks, defined by the report “Hot Mix Asphalt Materials, Mixture, De-
sign, and Construction” published by NAPA. The geotechnical criteria,
generated from various spatial data, refer to a set of factors related to
the susceptibility of a site, such as erosion susceptibility. In this case,
water, slope, and geology data integrated this factor to scale, hence all
data were compiled and the suitable areas were defined considering
the geotechnical criterion. Slopes between 1 and 30% of the study area
were considered the most appropriate (value 5), that is, the higher the
slope, the lower the adequacy. The values were based on the Brazilian
Landfill Standard ABNT 13896/1997. In addition, in restricted areas
protected by law (for example, parks and watercourses), a 100-meter
buffer was established for these areas (value 1), considering that the
greater the distance, the greater the site adequacy. In some cities of
the Urban Central Core, such as Curitiba, minimum distances from
rivers vary, as defined by the Special Sector of Health, Environment,
and Conservation, specified in the law of land use and occupation.
However, there are also different distances established in Federal Law
No. 12.651/2012. A 400-meter buffer for water resources was defined
as an intermediate value between those described in the Federal Law;
thus, the greater the distance, the greater the area adequacy.

To verify area adequacy according to the proposed objective, a map
was prepared with all data previously reclassified, integrated, and an-
alyzed. The output data was the final suitability map of the study case.
After prioritizing the criteria defined by the results from the first round
of the Delphi questionnaire, along with previously treated geograph-
ic data, this study determined the Equation 1 and the weighted linear
combination that could compose the final map. According to Estoque
(2011), it is the most used equation for MCDA. ArcGIS® has a tool
based on Equation 1, called Weighted Overlapping, which was used to
assign weights to the criteria, with subsequent multiplication among

them, as recommended by Equation 1.
S=3 WiXix I Cj (1)
Where:

S = area suitability;
X, = staggered factors;
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W, = weights assigned to each criterion;
Cj = restrictions (or Boolean factors),
> = sum of weighted factors;

IT = restriction product (1 - suitable, 0 - constrained).

In the following step and based on Equation 1, the map of con-
strained areas is multiplied by the suitability map, using Map Algebra
in ArcGIS. With the output data, a map was generated to indicate
potentially suitable areas for COW waste disposal. For the area to be
considered adequate, its size must be at least 12,000 m>. This value
was determined from a literature review on CDW landfills, based on
the estimated population of the Metropolitan Area of Curitiba and
the CDW data obtained from the ABRELPE (2014) survey. Using the
data extracted from ABRELPE (2014) report and the population of
the Metropolitan Area of Curitiba — 3,223,836 inhabitants, accord-
ing to the Brazilian census (IBGE, 2010) — this study estimated the
total CDW generated daily in the Urban Central Area, resulting in
less than 200 tons/week. This would be close to what happens in New
York, where CDW landfills with 12,000 m? (about 3 acres) or less can
receive up to 200 tons per week (New York State, 1989).

As a result, the study created the final map, indicating potentially
suitable areas for CDW disposal. Two areas located in the municipality
of Sdo José dos Pinhais were chosen by the authors for an on-site visit to
verify whether the areas were suitable — according to criteria established
— for a landfill, validating the agreement between data output and the
proposed methodology. Sao José dos Pinhais municipality was selected
because it is close to Curitiba and has many potentially suitable areas.
Nevertheless, the objective of this research was not to define a specific

area, but to indicate suitable areas in the Urban Central Core of Curitiba.

Study area

The study area is the Urban Central Core of Curitiba, in the State
of Parand, Brazil. The determination of this area (Figure 1) — which
contains 14 municipalities — considered the integrated relations of
municipalities, such as commercial and employment relationship, and
high population density. Additionally, the capital of the state of Parana,
Curitiba, is inserted in this area.

Results and Discussion

To design the map of constrained areas, the areas were divided into two
classes — suitable and unsuitable. The creation of a Buffer, in combination
with the “Is Null” operation, plus the Raster Calculator tool with GIS usage,
allowed the areas to be classified as suitable and unsuitable. According to
Malczewski and Rinner (2015), the approach operation (Buffer) generates
limits around objects, having the same distance in all directions, thus result-
ing in a binary buffer, where the inner area inside this limit is assigned a val-
ue equal to zero (0) and the remaining areas, a value equal to 1. Within the

areas considered to be unsuitable (0) (Figure 2), there were water resources,
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protected areas, and streets/roads, showing that GIS was effective in exclud-
ing these areas. Following the procedure described in Chang et al. (2008),
the first landfill implementation analysis was effective, excluding sensitive
areas, while maintaining suitable areas for further assessment.

The design of suitable maps, as in most multi-criteria decision-mak-
ing methodologies, requires criteria to be weighted. Then, the criteria
map must be standardized for an analysis to be performed (Demesouka
et al,, 2019). Subsequently, the group of experts answered a two-round
questionnaire and returned it, allowing Delphi method validation.

The “core” of the Delphi method is its structure, which lists all con-

Figure 1 - Location of the Urban Central Core of the Metropolitan
Area of Curitiba.

Figure 2 - Constrained areas for the Urban Central Core.
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tributions made by individuals who offer a perspective or view of the
group. For this reason, this technique is feasible for the decisions made
(Malczewski, 1999). Software “Expert Choice” performed the analysis
of the first round of questionnaires, in which the criteria were hierar-
chized reducing data analysis time. As observed in Figure 3, weight was
also assigned to the criteria. They were ranked from 0 to 1 according
to the AHP method, in which distance from water resources and veg-
etation (green areas) was considered the most important criterion to
be considered during site selection. These results were sent to experts,
in a second round of questionnaires, in accordance with the method
proposed. Most of the experts agreed with the result, only one did not
approve it completely. However, the expert disagreed with the criterion
‘vegetation” having higher importance — for other experts — than soil,
not with the ‘water resources’ criterion. More importantly, the inconsis-
tency level of a pairwise comparison according to Saaty (1987) should
be lower than 10%, and in our survey, inconsistency was 2%, meaning
that we did not need to contact the expert again and repeat the survey.

After area adequacy escalation for each criterion was completed,
the suitability map was prepared by multiplying the criteria among
themselves. Moreover, to assign the weights defined by the experts for
each criterion through the Delphi questionnaire responses, the oper-
ation Weighted Overlay in a GIS environment was used to create the
final suitability map (Figure 4). This tool facilitates data compilation
because, in addition to assigning weights to the criteria, the user can
also classify (if the map is not reclassified) the criteria before perform-
ing the spatial analysis (Esri, 2015). Another advantage is that the tool
does not work if the user does not assign the weights; this reduces the
chances of errors in the algebra map implementation.

Subsequently, the constrained and suitability maps were multi-
plied, by using Map Algebra “Times” tool, resulting in the constrained
and suitable area map where areas were classified from 1 (constrained/
lowest suitability) to 5 (highest suitability) (Figure 5).

After the map of constrained and suitable areas was designed, the

minimum size of 12,000 m? for the landfill area (approximately 3 acres)

was delimited. Meaning that any area greater than this value was used
to indicate the most suitable areas; this identification was made in GIS
software, with the use of the ‘Set Null’ operation for all other values.
Then, using the spatial data of the constrained and suitable areas out-
put, classes lower than 5 were excluded and defined in GIS software as
“No Data’, resulting only in potentially suitable areas with the high-
est value, fulfilling the main objective of the study. Suitable areas are
shown on the map as “potentially suitable areas” (Figure 6). Areas with
a value equal to 5 (more suitable) are rural or industrial areas, accord-
ing to the city’s zoning law. Not all rural areas of the Urban Central
Core can be used for this type of project, like sites located in the Karst

aquifer area, in the city of Almirante Tamandaré, Parand.

Figure 4 - Suitability map of the Urban Central Core.

Figure 3 - Questionnaire Responses: weighted and hierarchized criteria for site selection.
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Figure 5 - Final suitability map.

Figure 6 - Map of potentially suitable areas for landfill class A
deployment.

As it can be noted, most of the areas are located in the munici-
pality of Sdo José dos Pinhais, some in Araucdria, while others are
more widespread throughout the Urban Central Core. According to
the municipal zoning law of many municipalities, occupation of some

protected areas is restricted, e.g., the city of Campina Grande do Sul,
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Figure 7 - Area location for on-site observation.

where most of the area is constrained, and land use and occupation are
controlled. The municipalities of Sdo José dos Pinhais and Araucéria
have extensive industrial and rural areas and, consequently, have a
larger number of suitable areas. In addition, access to these two munic-
ipalities occurs through federal and state highways, facilitating access
to certain areas of the municipalities. However, a verification through
on-site observation to confirm the findings and verify methodology
adequacy was conducted only in two areas located in Sdo José dos Pin-
hais (Figure 7). Visiting all areas would be costly and time-consuming,
especially in places where access is difficult due to different factors, i.e.,
unpaved roads, privates areas, distance, etc. Additionally, these areas
were chosen mainly because of their proximity to the State Capital and
are located in an area known for its high concentration of industries, an
important place for the metropolitan region of Curitiba.

On-site observation was carried by the authors only to verify if
the methodology was adequate to the main objective of this research,
that is, indicate potentially suitable areas for a Class A landfill, and
not to choose adequate sites. During on-site observation, the authors
identified some interesting characteristics in these areas. For instance,
the areas are close to BR-277 highway, which facilitates access to con-
struction and demolition waste disposal locations. They are predom-
inantly rural areas, occupied by country houses, with small-cultivat-
ed areas. There are some residences nearby, located at a safe distance
from the indicated areas. In “area 017, access is via a partially paved
road; the area has a small portion of planted forest and has no steep
relief. In the second location, called “area 02”, there is no steep relief;

access occurs through an unpaved road up to a certain point and then

RBCIAMB | v.56 | n.3 | Sept 2021 | 470-479 - ISSN 2176-9478



Geographic Information Systems supported by multi-criteria decision analysis
to indicate potentially suitable areas for construction and demolition waste disposal

through a paved road. After that, road access is reduced, but this can be
modified. The area is also private, with little to no vegetation, with only
agricultural areas of low commercial value. After all, the chosen sites
(in relation to the adopted criteria) agree with the analysis previously
performed in the GIS environment and show how this tool supported
by the MCDA technique can be very useful in solving decision-making

problems where a geographical component is of great importance.

Conclusion

The greatest difficulty during the study was obtaining spatial data
for the criteria established for the study area. Insufficient data may
limit GIS application at different stages of solid waste management.
However, it was feasible to evaluate the study area, despite the exis-
tence of some limitations. During an on-site visit, it was possible to
verify the importance of GIS software to organize, process, and analyze
geographic data, and to create maps indicating potentially suitable ar-
eas. Both the GIS and the MCDA method were efficient in restricting,
prioritizing, and weighting spatial data, helping reduce subjectivity and
uncertainties related to data integration and criteria analysis, as well
as considering those selected by the decision-makers. CDW landfills
should be implemented to reduce environmental impacts and protect

human health. According to the Brazilian legislation, this type of land-

fill should be used for material storage and future use, including the
future use of the area, rather than just disposing of waste in landfills,
reducing its useful life. Therefore, the correct indication of suitable ar-
eas for this purpose must be made considering these aspects, especially
in developing countries, where this type of waste is a significant envi-
ronmental issue.

Additionally, the main point of this study was to indicate po-
tentially suitable areas rather than select them. Other relevant in-
formation on landfill location, including standards and installation,
should also be considered if the selection of an appropriate site was
to be performed. Then, further studies are required to select one
of the areas for the disposal of construction and demolition waste.
Furthermore, private companies and government agencies can use
the proposed methodology for integrated waste management — not
only for the municipalities covered by the study case. If adapted
accordingly, the proposed method can be applied in other locations.
Moreover, it can not only be used to indicate potentially suitable
areas for Class A landfills, but also for landfills of other categories.
Ultimately, it can be adapted and implemented in other stages of
solid waste management, especially when the objective is to reduce
costs, time, and social and environmental impacts arising from ille-

gal solid waste disposal.
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