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Abstract: The purpose of the paper is to use the analytic hierarchy process (AHP) to determine
the prioritization of areas designated for infrastructure investments. The research was carried out
using an example of a municipal solid waste incineration plant in Kraków. Based on research tests
conducted on actual field data, this paper proves that spatial information systems can be a useful
source of information in decision-making processes related to the assessment of the location of an
investment project with a function so important for the natural environment and maintaining the
principle of sustainable development. Owing to the development of technologies such as remote
sensing and GIS, the obtained data are of high quality, and the possibility for processing and making
them available in real time makes them up to date. The research methodology for selecting areas
for a well-defined purpose includes five separate stages: Defining the parameters, acquiring data
from spatial information systems, data standardization, criteria weighting by the analytic hierarchy
process (AHP), calculation of the coefficient of area suitability for the location of a particular facility,
and its graphic representation on a map. The final result is the ranking of areas in terms of suitability
for the implementation of an infrastructural project i.e., the construction of a municipal waste
incineration plant.

Keywords: spatial analysis; visualization; spatial planning; location; natural environment; GIS

1. Introduction

As demonstrated by numerous scientific studies, particularly in recent times, the amounts of
generated solid waste have significantly increased. The most common method of waste disposal is still
landfilling. Waste accumulated in landfills undergoes physical, biological, and chemical processes,
which are often burdensome for the environment and cause the pollution of the air, water, and other
resources of the Earth. Therefore, at present, waste incineration appears to be one of the most desirable
method of waste disposal, which offers numerous benefits to the environment as well. This principle is
confirmed by the global environmental policy being currently pursued, which supports all activities
aimed at the implementation of economically and environmentally effective technologies of raw
material recovery and waste disposal. This also concerns the technologies that enable energy recovery
in thermal waste conversion processes [1–4].

The selection of the most appropriate location designated for the construction of a municipal
waste incineration plant is becoming a challenge in many countries worldwide. For this reason,
extensive research is being carried out in order to develop methods for identifying the best locations
for the construction of such infrastructure. Therefore, the analyses carried out for these purposes
need to take into account not only technical factors, but also those affecting the state of the natural
environment and, consequently, the inhabitants’ health and lives [5–10]. Technical factors concern the
assessment of localization possibilities in terms of geological conditions, access to heat and energy
distribution networks in order to use the recovered energy in an optimal way, and access to main roads
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or railway lines to minimize transport costs. The factors related to environmental pollution concern
the assessment of the existing pollution and hazards due to emissions of additional pollutants as well
as soil and water pollution caused by the landfilling of incineration waste. The last group includes
factors related to the protection of residential and agricultural areas as well as ecologically valuable
areas [11–15].

The parameters that characterize the above-mentioned factors are available as part of the
spatial information infrastructure platform (INSPIRE), which currently operates in more than
100 countries [16,17], and is used in various disciplines e.g., economics, demography, sociology,
environmental protection, and management, particularly in terms of maintaining the sustainable
development principle [18–21]. INSPIRE enables the acquisition of spatial data to solve practical as
well as scientific and research issues. Currently, these data are widely used in multi-criteria analyses
supporting the selection and assessment of an optimal solution in decision-making processes when
using, inter alia, the analytic hierarchy process [22,23]. Analytic hierarchy process (AHP) is a structured
technique for organizing and analyzing complex decisions, which include, inter alia, the selection of
location for the construction of waste incineration plant. In the process of location selection, AHP may
be applied to determine the weights of factors of significance in terms of the analysis being carried
out [24,25]. The AHP method can be applied inter alia for the selection of location for a landfill, which
is demonstrated by previous studies [26].

The research problem addressed in this article concerns the testing of tools, which enable quick and
precise selection of location for achieving a specific aim as regards spatial planning and management
of large areas. A result of such an analysis provides a starting point of public consultations, which are
a key element in the discussion on the selection of location for such an investment project. The aim of
the study presented in this paper is to use the AHP to determine the prioritization of five locations
for a waste incineration plant in the city of Kraków. The locations under study have been selected by
Kraków city authorities for public consultations.

2. Input Data

The main purpose of establishing the infrastructure for spatial information (ISI) worldwide
was to provide universal access to data for all its users. The infrastructure for spatial information
supports making decisions that concern actions likely to have either direct or indirect impact on
the environment. The INSPIRE Directive [27] addresses problems regarding the availability, quality,
organization, accessibility, and sharing of spatial information, which arose in a variety of issues related
to politics and information and were encountered by public authorities at various levels. Solving
these problems required actions targeted at the exchange, sharing, access, and use of interoperational
spatial data. Both the Directive and the Act on the infrastructure for spatial information [28], enacted
in 2010, are a turning point in the development of the infrastructure for spatial information in Poland.
These regulations define the thematic scopes of necessary data, and require the public administration
to establish a coherent system of infrastructure for spatial information (ISI). The above-mentioned
INSPIRE Directive defines the structure of the ISI as spatial datasets described using metadata, services,
technical measures, as well as the processes and procedures applied and made available by the
authorities that create the structure. According to the aforementioned definition, the basic purpose of
the ISI is to facilitate access to spatial data in order to perform tasks in the field of spatial planning and
real estate management. Due to the establishment and development of the ISI, it currently operates
as a multi-level system of information on real estate on local, regional, national, and international
markets. In this way, spatial data contained in the ISI are available to all institutions as well as natural
and legal persons [29,30].

Due to the development of computer technologies, spatial databases are made available through
network services. The regulations in force in Poland guarantee that they are universal and free of
charge. The universal character of the Internet allows the required information about the environment,
real estate, etc. to be obtained at any place and time. The restriction of public access to the collections
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and services contained in public registers only applies to classified data, which include data concerning
the activities of the system of justice, activities of tax authorities, public statistics, personal data
protection, intellectual property rights, and business activities [11,29].

The local spatial information system for the city of Kraków contains nine basic portals dedicated to
various user groups. Two selected spatial datasets that are relevant to the conducted study are discussed
below. These include urban space and planning and environmental management and protection.

The “Urban space and planning” portal is GIS systems addressed to sectoral users involved in
investments and city development. It contains the range of data used by land surveyors, property
valuers, real estate brokers, property managers, and developers. The portal is also important to city
authorities in terms of decisions concerning the location of investment projects, which implement
public objectives. It comprises six thematic layers: Land and Property Register, spatial planning,
principal map, ownership structure, municipal district heating system, and groundwater protection
zones (Figure 1). The indicated layers contain necessary data used in decision-making analyses to
determine the validity of the selection of the municipal waste incineration plant location in the context
of environmental protection.
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Figure 1. Map layers in the “Urban space and planning” infrastructure for spatial information ISI.
Source: Own research based on www.msip.um.krakow (accessed on 25 September 2019).

Another portal called “Environmental management and protection” contains data provided by
the Department of Environmental Management of the Kraków City Council. The data contained
in the portal enable obtaining information on the condition of the environment and its changes
concerning various natural or anthropogenic phenomena occurring in the city of Kraków. Detailed
data concern the level of pollution within the city area and the protected areas, and the decisions and
preventive measures taken with the aim to increase the quality of the environment in the city. The portal
“Environmental management and protection” contains the following spatial datasets: Location of low
emission sources and the results of work related to their elimination, geological layers containing

www.msip.um.krakow
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locations of mineral deposits, mining areas, water intake points, areas of mass movement, flood hazard
including water depth, and data on air pollution (Figure 2).
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Figure 2. Map layers in the “Environmental management and protection” ISI. Source: Own research
based on www.msip.um.krakow (accessed on 25 September 2019).

The complete range of information necessary for the conducted study in terms of the use of data
concerning the environmental pollution for the assessment of the selection of the location of municipal
waste incineration plant, available via the above-mentioned portals developed as part of the Municipal
Spatial Information System, is presented in Table 1.

Table 1. Matrix of the data available in the Kraków Municipal Spatial Information System.

Type of Information
Portal

Urban Space
and Planning

Environmental Management
and Protection

Administrative division + +
Land and Property Register + +

Land in use and valuation classes + +
Transport + +

Land development +
Utilities + +

Geodetic control network +
Ownership structure +

Spatial planning +
Historic monuments of the city of Kraków +

Hydrography +
Geology + +

Landslides - mass movement + +

www.msip.um.krakow
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Table 1. Cont.

Type of Information
Portal

Urban Space
and Planning

Environmental Management
and Protection

Nature protection + +
Vegetation + +

Demography + +
Local renewal programs +

Municipal district heating system +
Flood hazards +

Low emission sources +
Inventory of green areas +

Map of area coverage and terrain roughness +
Map of green areas and Kraków ventilation conditions +

Map of natural evaluation +
Map of average anemological conditions +

Map of average pollutant dispersion conditions +

Source: Own research based on www.msip.um.krakow.pl.

The information presented in Table 1 indicates that the spatial information system of the city of
Kraków provides a full range of data required in the assessment of the selection of locations for a
municipal waste incineration plant. These data were used in further research.

3. Materials and Methods

The method of research involving the assessment of the validity of the selection of the location for
the construction of a waste incineration plant, proposed in this paper, was implemented in five stages,
according to the algorithm shown in Figure 3.
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Figure 3. Algorithm of the data use, contained in spatial information systems, for the rating of the
selection of municipal waste incineration plant location - research work stages.

Stage I included the indication of factors describing the requirements and effects of the waste
incineration plant location. In this case, the requirements were related to technical, legal, and economic
conditions, while the effects referred to environmental factors (protection of the air, water, and soils;
noise; protection of environmentally valuable areas, residential, and agricultural areas, etc.). The next
stage (II) involved the establishment of an interpolation network over the analyzed area. In the nodal
points of the network, data on the values of indicated factors need to be acquired. The factor values
were the components of the third dimension, the investment space (Figure 4).

www.msip.um.krakow.pl
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Values of particular factors, obtained from the infrastructure for spatial information, were
expressed in various units. In order for them to be used in the analysis, they needed to be normalized.
Linear normalization was applied, according to the following formulas:

wi j =
zi j

maxzi j
where i ∈ I (1)

wi j = 1−
zi j

maxzi j
where i ∈ J (2)

where: i = 1,2,3, . . . , n, j = 1,2,3, . . . , m, I is a set of desirable maximum values, J is a set of desirable
minimum values.

The factors listed above were characterized by various impacts, and therefore required proper
weighting (Stage III). The weighting of factors was carried out by the analytic hierarchy process.
Currently, this method is increasingly applied in many fields of science as well as in the performance of
practical tasks. The most common applications include forecasting and planning in engineering [31–33],
real estate management [34], economics [35], and administration, at both the local and central level [36].
The advantage of the method is the opportunity to compile, as part of an individual decision-making
process, many various criteria that are described either numerically or verbally [37–40]. The AHP is
also applied to calculate factor weights in analyses concerning the identification of optimal locations
for industrial waste storage and the construction of municipal waste incineration plants [12,13].

The Analytic Hierarchy Process is a mathematical method developed by Saaty and applied to solve
multi-criteria decision-making problems. The first and, at the same time, the main component of the
method is the structure of a problem in a hierarchical form. The primary aim is placed on the top of the
hierarchy (level I), the next level (level II) is occupied by the criteria (specified in this paper as groups of
factors), and the next level (III) included sub-criteria (factors). For the determination of weights (partial
priorities) of hierarchy components located at a particular level, the pairwise comparison method was
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applied. These comparisons are a numerical representation of the relationships between two criteria
of a particular level, and are aimed at estimating partial priorities (weights) of criteria at a particular
level [31,41,42].

The analytical argument providing a basis for the operation of the AHP was an n-dimensional
square matrix (n - the number of criteria taken into account in the analysis at a given hierarchy level):

A =


1 · · ·

w1
wn

...
. . .

...
wn
w1

· · · 1

 (3)

where w1, w2, . . . , wn are values of particular criteria.
Matrix A is a square matrix with values of ones on the diagonal. Above the diagonal, there are

scorings, which are the result of pairwise comparison, and below the diagonal there are the opposites
of these scorings. This characteristic matrix type enables obtaining the solutions that are sought
after, including the maximum eigenvalue of matrix λmax and an eigenvector corresponding to this
eigenvalue. The eigenvector components are partial priorities (weights), and their combinations from
all levels offer priorities of the solution alternatives.

The weight values from the matrix perspective are vector w, which is the solution of equation [41]:

A·w = λmax·w there f ore (A− λmax·I)·w = 0 (4)

where λmax is the maximum real eigenvalue of matrix A, and w is the eigenvector for this eigenvalue.
The correctness of the conducted paired comparison assessment of the criteria indicated in the

analysis is verified by calculating, for each matrix A, the consistency index CI and the consistency ratio
CR [41]:

CI =
λmax − n

n− 1
≤ 0.1 (5)

where: n – matrix dimension, λmax – maximum matrix eigenvalue.
To check if paired comparison assessment of the criteria is consistent, Saaty proposed what is called

the Consistency Ratio, which is a comparison between Consistency Index and Random Consistency
Index (RI). If the value of Consistency Ratio is smaller or equal to 10%, the inconsistency is acceptable.
If the Consistency Ratio is greater than 10%, we need to revision our paired comparison assessment of
the criteria.

CR =
CI
RI
≤ 0.1 (6)

where: RI is a random consistency index (Table 2) determined by the matrix dimension [43].

Table 2. The random consistency index value depending on the size of the matrix.

n 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

RI 0 0 0.58 0.90 1.12 1.24 1.32 1.44 1.45 1.49 1.51 1.53 1.56 1.57 1.59

Source: based on [42].

After determining all partial priorities, the solution of the task is vector:

C[1, k]T =
k∏

i = 1

Bi = Bk·Bk−1 · · ·B2 (7)

where:
C[1,k]—the resultant vector of weight parameters of the criteria assigned to the components of

the hierarchical level k (i.e., the alternatives of solutions) in relation to the aim, namely the first level,
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Bi—the matrix of level i, whose columns are vectors of priorities of the components of this level in
relation to the components of level i – 1.

The weights calculated using the AHP (stage III) were used to calculate the coefficient of area
suitability (LR) according to the algorithm presented in Table 3 (stage IV).

Table 3. Algorithm in a tabular form.

k1·f1(0,0) + k2·f2(0,0) +
+ . . . , kn·fn (0,0)

k1·f1(1,0) + k2·f2(1,0) +
. . . + kn·fn (1,0) . . . . . . . . .

k1·f1(0,1) + k2·f2(0,1) +
. . . + kn·fn (0,1) . . . . . . . . . . . .

. . . . . . . . . . . . . . .

. . . . . . . . . . . .
k1·f1(3,4) + k2·f2(3,4) +
. . . + kn·fn (3,4)

Source: Own research based on [8,14,31].

At each point of the network, the LR coefficient was calculated according to the formula:

LR =
n∑

i = 1

m∑
j = 1

kiwi j (8)

where: k—factor weight; w—standardized factor value (stage II).
The values of factors between the network nodes were interpolated using bilinear interpolation.

The tabular function form in which f1, . . . , fn is the function of distribution of a particular factor, while
k1, . . . , kn indicates the weight of a particular factor. The last stage (stage V) is presenting results on
the map.

The study was conducted in the city of Kraków, where the city authorities indicated five potential
locations for the construction of a municipal waste incineration plant (Figure 5). The first facility
(Facility 1) is located at the ArcelorMittal Poland steel plant in Kraków; the second facility (Facility
2) is located in the vicinity of the Kujawy sewage treatment plant; the third facility (Facility 3) is an
area located in the vicinity of the currently operating Barycz landfill; the fourth facility (Facility 4) is
located near the Kraków combined heat-and-power plant; and the fifth facility (Facility 5) is located on
the area of Kraków tannery. These actions resulted from the obligation to perform the tasks set out
in the EU Directive [43] on waste management and environmental protection. The location of such
a facility requires that technical factors be taken into account along with social and environmental
factors [44,45].

For the purposes of the study, three groups of factors were indicated (Table 4). The first group
includes technical data; the second group comprises factors related to the protection of natural
environment, while the third one includes social factors related to the protection of residential areas,
green areas (parks), and agriculturally developed areas. Using the information available in the local
spatial information system for the city of Kraków, data were collected and an assessment of the
analyzed areas was conducted in terms of their suitability for the construction of a municipal waste
incineration plant, taking account of the indicated factors.
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Table 4. Factors concerning the location of a municipal waste incineration plant.

Group of Factors
G

Factor Type
P

Factor Description

Technical
G1

utilities/heating network
P1

distance to utilities network [m]
not wasting heat, so

the shorter the distance to the main heat receiver
network (Municipal District Heating Enterprise),

the higher the index (heating network)

utilities/energy network
P2

distance to utilities network [m]
not wasting energy, so the shorter the distance to the
main energy receiver network, the higher the index

(energy network)

access to trunk roads
P3

distance to main public roads [m]
easy road access for trucks or railways, so the shorter the

distance to a road, the higher the index

geological
conditions/groundwater

P4

the quality of geological conditions expressed
in point values

whether the geological structure allows the construction
of a building the better geological conditions and the

lower groundwater level, the higher the index

flood hazard
P5

distance to watercourses which pose a
potential flood hazard [m]

flood protection, the longer the distance to the river
posing a flood hazard, the higher the index

Environmental
protection

G2

wind pattern
P1

scoring based on the analysis of the direction and
magnitude of the winds typical of a particular area,

whether the wind direction will carry
pollution towards the city

dust pollution of the air
P2

current dust pollution of the air in terms of the
possibility for introducing additional pollutants due to

the location of the plant, minimize dust air pollution

gas pollution of the air
P3

current gas pollution of the air in terms of the possibility
for introducing additional pollutants due to the location

of the plant, minimize gas air pollution

water pollution
P4

current water pollution in terms of the possibility for
introducing additional pollutants due to the location of

the plant, minimize water pollution

soil pollution
P5

current soil pollution in terms of the possibility for
introducing additional pollutants due to the location of

the plant, minimize soil pollution

Protection of
areas

G3

residential areas P1

distance to residential areas [m]
reduce the threat of pollution to residential areas, so the

longer the distance to residential buildings,
the higher the index

environmentally
valuable areas

P2

distance to green areas, parks etc. [m]
reduce the threat of pollution to environmentally
valuable areas, so the longer the distance to green

areas/parks, the higher the index

agricultural areas
P3

distance to agricultural areas [m]
reduce the threat of pollution to agricultural areas, so the

longer the distance to areas used for agricultural
purposes/garden plots, the higher the index
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The factors mentioned in Table 4 were assessed for their impact on the analysis result. By applying
the AHP, the weight of each factor was calculated. Figure 6 presents the hierarchy diagram. The first
level is the aim of the study, including the indication of the degree of particular factors’ impact on the
optimization of decision analyses concerning the selection of the waste incineration plant location.
The second level includes groups of factors, while the third level includes all factors relevant to the
analysis being carried out.
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The structure thus constructed was the basis for the formation of the paired comparison matrix
for each level. For each matrix, the eigenvalue was calculated; an assessment of consistency was
conducted, and the priority vector was calculated as a normalized eigenvector for the maximum real
eigenvalue. The results of these calculations are presented in Table 5.
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Table 5. Weight priorities at particular levels.

Group of Factors Partial Weights Factors Partial
Weights

Global
Weights

Technical - G1 0.4961

utilities/heating network
P1 0.3787 0.1879

utilities/energy network
P2 0.1641 0.0814

access to trunk roads
P3 0.3256 0.1616

geological conditions/groundwater
P4 0.0863 0.0428

flood hazard
P5 0.0452 0.0224

Consistency assessment

CI 0.0768

CR 0.0686

Environmental
protection - G2 0.3101

wind pattern - P1 0.0390 0.0121

gas pollution of the air - P2 0.3011 0.0934

dust pollution of the air - P3 0.4486 0.1391

water pollution - P4 0.1439 0.0446

soil pollution - P5 0.0674 0.0209

Consistency assessment

CI 0.0639

CR 0.0570

Protection of areas - G3 0.1938

residential areas - P1 0.5412 0.1048

environmentally valuable areas - P2 0.2965 0.0575

agricultural areas - P3 0.1623 0.0315

Consistency assessment

CI 0.0034

CR 0.0058

Consistency assessment

CI 0.0233

CR 0.0401

The conducted empirical research demonstrated that, with regards to the groups of factors, the first
group played the dominant role. These were technical factors (49.61%). The next group was the one
that characterized factors related to environmental protection (31.01%), and the group of the factors
which characterized the protection of agricultural, residential, and environmentally valuable areas
(19.38%) had the smallest weight. However, the global distribution of weights varied. The distance to
heating networks (18.79%) had the greatest weight; it was followed by access to trunk roads (16.16%)
and dust pollution of the air (13.91%) as well as the distance to residential areas (10.49%). Factors such
as the distance to the utilities network/energy network and gas pollution of the air obtained weights at
a level of 8% and 9%, while environmentally valuable areas, geological conditions, and water pollution
obtained weights at a level of 4%-5%. The other factors obtained weights of below these values.
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4. Study Results and Discussion

Using the data acquired from the spatial information system for the city of Kraków with regards
to the values of factors listed in Table 4, the calculated weights and the algorithm presented in Table 3,
the ranking of selected areas in terms of suitability for the construction of a municipal waste incineration
plant was established. The results of the conducted analysis in the form of the coefficient of area
suitability for the location of a municipal waste incineration plant are shown in Figure 7a–e. The aim
of the study was to establish the ranking of the five analyzed facilities with relatively small areas
of a few hectares, therefore the variability of factors in the particular area was low and noticeable
only on the color scale. However, the differences between the analyzed facilities were clearly seen,
therefore it was easy to indicate the facility that is potentially the best in the implementation of such an
infrastructure project.
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plant—(a–e): Facility 1–5.

For the five analyzed facilities, the coefficient values ranged from 6.4952 to 59.6320, with the
maximum value of 100. The coefficient distribution within the indicated range was shown by the color
mask. The first facility obtained the highest score. For this facility, the mean value of the coefficient
was 57.2552, with the minimum value of 54.8854 and the maximum value of 59.6320. This means that
this area is potentially the best location for the construction of a waste incineration plant. For other
facilities, the mean values of area suitability coefficients were lower, and ranged from 16% (the fourth
facility) to 74% (the second facility).

Table 6 lists mean, minimum, and maximum values of the area suitability coefficient for the
analyzed areas.

Table 6. Values of area suitability coefficients LR for the analyzed facilities.

Specification
Area Suitability Coefficient

Minimum Value Mean Value Maximum Value

Facility 1 54.8854 57.2552 59.6320

Facility 2 12.2312 15.5696 19.3173

Facility 3 6.4952 17.6984 27.5551

Facility 4 44.1440 48.2538 52.4064

Facility 5 38.7294 42.8158 46.9970

Facilities 1, 4, and 5 are located in industrial areas, in close proximity to the utility network,
including to the main heating network, which enables the recovery of heat energy from waste heat.
What is more, these facilities are located in the vicinity of main roads in the city and are not directly
adjacent to residential buildings; hence, the coefficients calculated for these areas were similar and
the highest. On the other hand, facilities 2 and 3 are located close to green and agricultural areas.
These facilities have no direct access to the main public road network or to the utilities network, and in
particular to the heating network that enables heat energy recovery.
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At this point, it should be emphasized that the research aimed at the selection of the location of
the infrastructure investment concerned (municipal waste incineration plant) should be carried out
taking into account the maximization of potential possibilities for energy recover from heat waste
while including the minimization of social barriers and potential damage to the natural environment.
Two contrast examples can be shown at this point. One of them is a modern waste incineration plant in
Vienna (the Spittelau waste incineration plant in Vienna), currently regarded as an “environmentally
friendly facility”, and another one includes waste incineration plants in Wuhan (China), where, as
reported by [44], economic benefits are given priority over the environmental protection rules.

Decisions concerning the location of an investment project, taken by government administration
bodies at various levels, have a significant effect on the application of sustainable development principles.
These principles are understood here as the integration of economic and social activities (implementation
of new technologies serving to increase the living standards of people) with maintaining the principles
of balance in nature. One of the basic activities of introducing the principles of sustainable development
is to grassroot the processes of making decisions related to the interference in local natural environment.
In the sustainable development, the natural environment is the backbone of activities, therefore its
protection is particularly important in terms of maintaining conditions that are favorable to physical,
psychological, and social development of both the present generation and the future ones.

Therefore, in order to avoid, or at least minimize the adverse effects of decisions related to the
wrong location of such facilities e.g., a municipal waste incineration plant, they must be taken based
on the previously conducted analyses. As reported by [44], there is more and more evidence that
decisions concerning the construction of new infrastructure are challenged by the public mainly on
environmental grounds. There is therefore a clear need for scientific research into the development of a
methodology to facilitate and streamline the decision-making processes [46].

5. Conclusions

Decision analyses concerning the assessment of validity of the selection of the location for the
construction of an infrastructure such as a waste incineration plant require a number of factors
addressing the consequences of the impact of such a facility on the inhabitants and the environment to
be considered.

The algorithm proposed in the study enabled the determination of the ranking of five indicated
research facilities in terms of their suitability for the construction of a municipal waste incineration
plant within the city of Kraków. The study results were visualized using a color mask, and the range of
the coefficient for a particular area can be read from the scale value.

The developed application can also be used to indicate areas with various degrees of suitability
for the implementation of a particular investment project, which is the starting point for environmental
discussions. It also allows the areas whose suitability has been determined at a level lower than that
indicated by the decision-maker to be excluded from analysis.

The solution proposed in the paper, which concerns the calculation of the coefficient of area
usefulness for the location of a particular investment project, is only effective when the person carrying
out the analysis has access to complete and reliable information. As indicated by the study conducted
for the Kraków city area, web mapping services available as part of the ISI contain complete data
necessary for carrying out research concerning an assessment of the validity of selection of the location
for a municipal waste incineration plant. High quality, timeliness and unrestricted access to the data
collected in them increase the accuracy of the obtained results of decision analyses.

In the 21st century, there has been a rapid development of technology and accessibility of research
tools (GIS). Remote sensing data, currently acquired and made available to the users, may be a basis
for multi-criteria geospatial analyses, inter alia for the purposes of environmental protection and
management and the protection of cultural landscapes.

The presented analytic hierarchy process can be successfully applied to assess the location of
various infrastructural investment projects including roads, railway lines, wastewater treatment plants,
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sports facilities, wind farms, etc. The future work is aimed at carrying out research into the implication
of AHP into ISI, which may contribute to the implementation of the "semantic web" idea in order to
develop the spatial information intelligent infrastructure.
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29. Ślusarski, M. Analysis of underground utility networks damage risk in the context of spatial data quality.
In Proceedings of the 16th International Multidisciplinary Scientific Geoconference SGEM 2016, Albena
Resort, Bulgaria, 28 June–7 July 2016; pp. 35–41. [CrossRef]

30. Siejka, M. Optimal Selection of Investments Location in Land Management; Polish Academy of Sciences,
Infrastructure and Ecology of Rural Areas: Kraków, Poland, 2015; Volume IV, p. 129. (In Polish)

31. Rao, R.V. Decision Making in the Manufacturing Environment Using Graph Theory and Fuzzy Multiple Attribute
Decision Making Methods; Springer: London, UK, 2007; p. 372.

32. Fusco Girard, L.; Cerreta, M.; De Toro, P. Analytic hierarchy process (AHP) and geographical information
systems (GIS): An integrated spatial assessment for planning strategic choices. Int. J. Anal. Hierarchy Process
2012, 4. [CrossRef]

33. Triantaphyllou, E.; Mann, S. Using the analytic hierarchy process for decision making in engineering
applications: Some challenges. Int. J. Ind. Eng. Theory Appl. Pract. 1995, 2, 35–44.

34. Jiang, G.M.; Hu, Z.P.; Jin, J.V. Quantitative Evaluation of Real Estate’s Risk based on AHP and Simulation.
Syst. Eng. Theory Pract. 2007, 9, 77–81. [CrossRef]

35. Mardle, S.; Pascoe, S.; Herrero, I. Management objective importance in fisheries: An evaluation using the
analytic hierarchy process (AHP). Environ. Manag. 2004, 33, 1–11. [CrossRef]

36. Jabbarzadeh, A. Application of the AHP and TOPSIS in project management. J. Proj. Manag. 2018, 3, 125–130.
[CrossRef]
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