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Abstract: Enhancing the production of energy from renewable energy sources (RES) has been a
consistently important issue for many years, both in Poland and other countries around the world.
Selecting sites for devices that convert renewable energy into electricity requires various spatial data,
especially during the initial design stage when optimal investment locations are identified. The
article presents a new method for assessing the usefulness of publicly accessible Polish geodetic
databases—the Topographic Objects Database (Polish name: BDOT10k) and the Digital Elevation
Model (DEM, Polish name: NMT)–in the process of renewable energy infrastructure siting. This
study is the first to jointly assess these two databases from the user’s perspective rather than the
creator’s or administrator’s viewpoint. User requirements for spatial data were defined through
research factors identified in a literature review. The methodology developed includes checking the
availability of Polish geodetic databases and evaluating the quality of spatial data. Analyses were
performed in a GIS environment for eighteen research areas in Poland. A suitability coefficient was
developed to determine the usefulness of the databases studied. The obtained value of the suitability
coefficient in each area was above 50% of its maximum value, which was taken as a threshold value
proving the suitability of the analyzed databases for the purpose specified in the study. The databases
are fully useful for a group of province and poviat capital cities—there the suitability coefficient value
exceeds 80% of its maximum value. The studies confirmed the validity of using publicly accessible
BDOT10k and DEM geodetic databases in GIS analyses for the search for sites for solar, wind, and
small hydroelectric power plants.

Keywords: renewable energy resources (RES) investments; geodetic databases; suitability; usability; GIS

1. Introduction

The limited availability of resources, climate change, the threat of a global energy
crisis, and the current geopolitical situation underscore the pressing need to advance energy
production from renewable sources [1,2]. Renewable energy sources (RES), especially those
harnessing natural forces (wind, hydro, solar, and geothermal energy), possess significant
potential to fulfil energy demands. Their resources are virtually inexhaustible. This study
focuses on three renewable energy sources: solar, wind, and hydro energy. Geothermal
energy was excluded due to its minimal contribution to Poland’s energy production. In
2023, according to data published by the Energy Market Agency [3], coal accounted for
39.7%, lignite for 21.3%, and wind for 16% of total electricity production in Poland. In total,
energy produced from RES during this time accounted for 25.9% of the total. Between
2018 and 2022, electricity production from renewable energy sources exhibited an upward
trend, primarily driven by increased wind energy production and the rapid growth of
photovoltaics. The most significant declines in electricity production were observed in the
use of hydro energy [4].
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1.1. Siting Criteria and Factors Relevant to RES Investments

The location of devices that convert renewable wind, solar, and water energy into
electricity requires various spatial data, especially at the initial design stage, where the
best investment locations are identified. The availability of renewable energy resources
varies significantly across different regions, both in Poland and globally [2,5–9]. A literature
review indicates that GIS 3.19 tools and software are frequently used in multi-criteria
analyses to determine suitable areas for locating devices for all three types of RES [10–14].
Paper [15] assesses the suitability of areas for siting wind and solar farms in the south-
ern England region, while criteria were typed for both types of RES together. However,
typically, researchers focus on one type of renewable energy at a time, such as wind
energy [13,14,16–22], solar energy [10–12,23–25], and hydro energy [9,26–29]. Modern re-
quirements for RES investments emphasize not only selecting locations with abundant
renewable energy resources but also the rational and optimal use of space [30]. It is crucial
to implement investments in harmony with the landscape and natural environment [12].
The economic aspects of the entire project and the identification of factors that can increase
investment costs during the early design stages are also very important [19,27,28]. The
literature analysis found no single list of criteria for site selection. Each publication adopted
different sets of features, definitions, and importance-weights (Appendix A). The selection
of siting-relevant criteria and factors varies across the world [9] as does the spatial data
used for analysis. The resulting tables summarize the most significant criteria and factors
cited in the literature as relevant to the location of solar power plants (Table 1), wind power
plants (Table 2), and small hydroelectric power plants (Table 3). For small power plants, the
literature analysis, as well as location criteria and factors, are extensively detailed in [31].

As shown in the tables above, all the reviewed GIS analyses for siting solar, wind, and
hydro power plants included the following spatial data factors: slope or elevation, existing
building locations, power and telecommunication network locations, land use, transporta-
tion network elements, and water network elements. These six factors were selected as
the research factors in this study. Economic, social, climatic, and legal-administrative
aspects were not considered, with the study concentrating solely on spatial data-related
location factors.

1.2. Polish Geodetic Databases

The study focused on two geodetic databases: Topographic Objects Database at a
1:10,000 scale (BDOT10k) and Databases for aerial and satellite imagery, orthophotomap
and Digital Elevation Models, specifically the part constituting the database of the Digital
Elevation Model (in Polish: NMT, in English: DEM). Polish geodetic databases are part of
the National Geodetic and Cartographic Resource (in Polish: PZGiK). Table 4 presents all
the databases collected in the National Geodetic and Cartographic Resource. It provides the
abbreviated names used in Poland and indicates whether the database is freely accessible
(+) or available for a fee (−). Additionally, it specifies the authority in charge of the database
in relation to the division of the National Geodetic and Cartographic Resource into central,
provincial, and poviat parts [32].
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Table 1. Criteria relevant to the selection of solar power plant sites, source: own study.

Environmental
(Ecological)

Criteria

Location (Distance)
Criteria

Social Criteria
in the Context of the

Profits from the
Construction of the
Power Plant for the

Local Society

Topographic
Criteria

Technical
(Engineering)

Criteria

Economic Criteria
in the Context of

Increasing the
Efficiency of Power

Plants

Climate Criteria Legal and
Administrative

Criteria

• Protection of
agricultural
land

• Distance from
forests

• Protected areas
(parks, reserves,
protected areas
of flora and
fauna)

• Distance from
urban areas

• Distance from
water bodies

• Distance from
buildings and
height of
buildings

• Existence of
land cover
objects that can
cause shading
on the panels
(height and
position of
objects)

• Visual effect,
e.g., visibility
from roads

• Distance from
areas of
historical
significance

• Employment
opportunities

• Local
development of
technical
infrastructure
(road, electricity,
telecommunica-
tions networks)

• Development of
rural areas

• Terrain height
• Slope
• Land cover

(use)

• Distance from
the power grid

• Distance from
roads, transport
links network

• Size of the
plot/land for
the investment

• Maximum
annual
electricity
production
(efficiency)

• Initial capital
cost

• Discount rates

• Level of irradi-
ance/sunshine

• Number of
hours of
sunshine

• Temperature

• Regulatory and
administrative
restrictions
(depending on
the capacity and
size of the
power plant)
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Table 2. Criteria relevant to the selection of wind farm sites, source: own study.

Environmental
(Ecological)

Criteria

Location (Distance)
Criteria

Exclusion of Areas
and Buffer Zones

Social Criteria
in the Context of the

Profits from the
Construction of the
Power Plant for the

Local Society

Topographic
Criteria

Technical
(Engineering)

Criteria

Economic Criteria
in the Context of

Increasing the
Efficiency of Power

Plants

Climate Criteria Legal and
Administrative

Criteria

• Protected areas
(parks, reserves,
protected areas
of flora and
fauna)

• Forest areas
• Water areas

(surface waters,
watercourses)

• Protected
landscape areas,
landscape parks
and Natura
2000 areas

• Nature
monuments

• Distance from
urban areas,
residential
development

• Land of the
highest quality
classes
(additional
approvals
required)

• Distance from
buildings

• Visual effect
• Distance from

areas of
historical
significance

• Railway areas,
airports

• Flood risk areas,
wetlands

• Land use
• Tourist facilities

• Employment
opportunities

• Local
development of
technical
infrastructure
(road, electricity,
telecommunica-
tions networks)

• Development of
rural areas

• Terrain height
• Slope
• Slope exposure

(consistent with
the prevailing
wind direction)

• Erosion/slides
• Terrain

roughness-
roughness
classes (affects
wind speed
distribution)

• Land cover
(use)

• Distance from
the power grid

• Distance from
roads, transport
links network

• Distance from
the telecommu-
nication
network
(possible
interference due
to
electromagnetic
radiation
during
operation)

• Size of the
plot/land for
the investment
(distances from
other facilities,
arrangement of
turbines in
relation to each
other)

• Maximum
annual
electricity
production
(efficiency)

• Initial capital
cost

• Discount rates
• Retail electricity

prices
• Land costs

• Wind speed and
strength

• Regulatory and
administrative
restrictions
(depending on
the capacity and
size of the
power plant)
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Table 3. Criteria relevant to the selection of small hydroelectric power plants; source: [31].

Environmental/
Ecological

Criteria
Economic Criteria Social Criteria Topographic and

Geological Criteria
Technical (Engineering)

Criteria Hydrological Criteria Legal and
Administrative Criteria

• Maintaining
minimum flow of
the water course

• Minimisation of
flooded area

• Maintaining
stability of slopes

• Low movement of
earth masses

• The least possible
disturbance of the
water-course
ecosystem

• Maintaining
direction of
watercourse flow

• Maintaining water
quality in
watercourse

• Valuation of
investment costs,
costs of
maintenance and
operation of a
water plant in a
given period of
time

The assessment should
take the following costs
into account:

• Preparatory work
• Environment

protection
• Construction work
• Hydraulic

equipment
• Electrical

equipment
• Transmission lines

modernisation
costs

• Administrative and
engineering costs

• Unexpected
expenses

• Increased
employment

• Local development
of technical
infrastructure (road,
electricity, telecom-
munications
networks)

• Extension of public
utility buildings

• Economic
development of
local market

• Tourism
development

• Terrain height
• Slope
• Land cover (use)
• Slope exposure
• Size of the area to

be flooded
• Watercourse length
• Distance from the

river
• Geological

composition of rock
formations in the
area (susceptibility
to landslides)

• Maximum power
of a hydropower
plant (maximum
water flow rate)

• Maximum annual
electricity
production

• Minimum length of
the transmission
line (the longer the
energy flow, the
greater the energy
losses)

• Maximum ratio of
annual electricity
capacity (maximum
land slope)

• Direction of
watercourse flow

• Watercourse flow
rate

• Energy potential
(calculated from
flow)

• Tank size

• Legal and
administrative
restrictions
depending on legal
provisions in a
given area

• Restrictions related
to environmental
protection zones
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Table 4. Geodetic and Cartographic Resource databases, broken down by the authority in charge of
the database and data accessibility, Source: Own study based on [32,33].

Abbreviated Name of
the Database in Polish Full Name of the Database in English

Public
Database Free

of Charge

Authority in Charge of the
Database

Determination of Part of the
National Geodetic and

Cartographic Resource (PZGiK)

BDOO Database of General Geographical Objects +

Head Office of Geodesy and
Cartography (GUGiK)
Central Geodetic and

Cartographic Resource

PRG National Register of Boundaries +

PRNG National Register of Geographical Names +

PRPOG National Register of Basic Geodetic, Gravimetric
and Magnetic Networks +

BDZLiS

Databases for aerial and satellite imagery,
orthophotomap and digital elevation

models-part containing data of aerial and
satellite imagery

−

ORTO
Databases for aerial and satellite imagery,

orthophotomap and digital elevation
models-part containing orthophotomaps

+

NTM

Databases for aerial and satellite imagery,
orthophotomap and digital elevation

models-part containing data of the digital
elevation model (DEM), digital surface model

(DSM) and measurement data from laser
scanning

+

BDOT10k Topographic Objects Database
scale 1:10,000 + Regional Marshal

provincial part of PZGiK

EGiB Land and Building Register +/−

Staroste
district part of PZGiK

GESUT Utilities Network Database −

BDOT500 Topographic Objects Database
scale 1:500 −

BDSOG Detailed Control Network Database +

RCN Real Estate Price Register −

Individual geodetic databases collected in Poland have been analysed in the litera-
ture, but always from the perspective of the data producers or administrators, not the
users [34–37]. Additionally, no studies have yet assessed the collective suitability of mul-
tiple geodetic databases for a specific user group. The paper attempts to evaluate the
usefulness of the data in the BDOT10k and DEM geodetic databases for the preliminary
stage of renewable energy infrastructure siting in Poland. The evaluation of these databases’
quality was carried out by comparing the data contained in the databases (BDOT10k and
DEM) with corresponding data from reference geodetic databases Comparative analysis,
as explained in [38] after [39], is an external, direct method of quality assessment, which
should be performed wherever possible. It involves using additional (external) reference
data to assess quality, whereas direct internal assessment relies solely on the data within
the evaluated dataset.

The BDOT10k and DEM geodetic databases studied in this paper are characterized
by the best accessibility, as they cover the entire country, are available online for free and
for any use, and use a uniform data format nationwide. BDOT10k provides a detailed
topographic objects database with a scale equivalent to 1:10,000 topographic maps. The
geometry of objects for the BDOT10k is recorded with an accuracy of at least 1.5 m, and for
objects with challenging field identification, the accuracy is no less than 5 m [40–43]. The
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database includes attributes related to the geometric accuracy of the objects. For external
sources of geometric data, such as the EGiB database, the actual accuracy may be even
higher. The DEM database represents terrain elevation as discrete (point-based) data, with
an interpolation algorithm. It allows for the determination of height H at any X,Y point
within the model’s area. The database is updated with digital elevation models that meet
the accuracy parameters expressed by the root mean square error of the normal height H,
calculated for control points.

The most detailed and accurate spatial data in Poland are collected in three main
geodetic databases: the land and buildings register (EGiB), the utilities network (GESUT),
and the topographic objects database (BDOT500) [41–43]. These databases are used as ref-
erence databases for many studies and less detailed databases. Most of the objects in these
databases are identified based on direct field surveying. According to the standard [44],
surveying must determine a point’s location relative to the nearest horizontal geodetic
control points and measurement control network with a minimum accuracy of:

• 0.10 m—in the case of field details of group I (e.g., buildings, construction equipment);
• 0.30 m—in the case of field details of group II (e.g., covered construction objects);
• 0.50 m—in the case of field details of group III.

Coverage of complete object-oriented EGiB, GESUT, and BDOT500 databases in Poland
is not comprehensive. In many regions of Poland, spatial data related to the thematic scope
of BDOT500, GESUT, and EGiB databases are often available as vector maps, though raster
data are sometimes still needed. In several poviats, the data are hybrid, meaning that
while some data are digitized in the database, older data have not yet been transferred and
remain in vector and/or raster format. Reference database information is provided to users
as base maps (Polish name: mapa zasadnicza), understood as a large-scale cartographic
work containing information about the spatial positioning of geodetic control points,
cadastral parcels, buildings, land use contours, classification contours, utility networks,
structures and construction devices, as well as other topographic objects, along with selected
descriptive information regarding these objects [32,43]. Access to these data involves
fees and requires submitting a detailed request to the data administrator, specifying the
geographic area of interest. Additionally, data formats vary across the country, depending
on the software used by the managing authorities.

Leveraging free and readily available data from public databases can greatly accelerate
work and cut costs during early design phases. It also facilitates the identification of
potentially optimal sites for renewable energy projects through the use of GIS software and
analyses over larger areas.

1.3. Concept for Assessing the Suitability of BDOT10k and DEM Databases

This study introduces the concept of database suitability and attempts to identify
aspects influencing it. Database suitability is intrinsically linked to the quality of data
within the databases, which is referred to as external quality. As defined by [45], external
quality encompasses all characteristics of a product that affect its ability to satisfy both
explicit and implicit needs. According to [35], data are deemed high-quality if they are
usable for operational, decision-making, and planning purposes. The data can be used as
intended if they are free of defects and have the desired characteristics. Essential attributes
of high-quality data include availability, completeness, consistency, accuracy, and usability.
Since geodetic databases are information products, evaluating their usability—the aspect
that determines how well a product meets user requirements—is essential [46]. Usability
is a concept commonly applied in informatics to interactive devices, applications, and
websites. According to the standard [47], usability assesses the performance, efficiency,
and satisfaction derived from using a product by particular users for specific tasks under
defined conditions. The figure below (Figure 1) shows the most important aspects that
determine the usability of a spatial database for the user. These will include not only the
quality of the data contained in the database, but also the availability and type of data
(format, content) and usability in terms of user-defined factors.
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The traditional process for assessing spatial data quality produces separate quality
outcomes for each of the five quality elements. In the present study, geodetic databases were
evaluated in a manner similar to that adopted by [35,48], adhering to the standard [49]. The
standard outlines five core quality assessment elements: completeness, logical consistency,
positional accuracy, temporal accuracy, and thematic accuracy, along with an additional
element—usability. Usability reflects how well the data meet specific user needs, an
aspect not fully covered by the five quality elements. For users of spatial data, usability is
crucial. The method for assessing suitability proposed in this study involves presenting the
aggregated assessment score expressed as a single coefficient. A method that takes into
account the aggregation of quality scores was proposed earlier by [50], who developed a
data quality model for the EGIB, GESUT, and BDOT500 databases. The author suggested
that data quality assessments should be based on a few clear metrics that are easy for users
to understand. When assessing data quality from the user’s perspective, it is important
to recognize that different quality elements have varying levels of importance. According
to [48], dataset completeness is the most critical element, followed by the location accuracy
and thematic accuracy. Temporal accuracy and logical consistency have a lesser impact on
the overall assessment of spatial data quality.

2. Materials and Methods
2.1. Research Methodology

In the initial phase of developing the research methodology, research factors were
selected and the thematic scope for the analyses was defined. The selection of factors was
made possible through a literature analysis (Tables 1–3). The following table (Table 5)
shows the research factors along with the thematic scope. Additionally, geodetic databases
containing data relevant to each factor for the area of Poland are also indicated.

The assessment of selected elements of database quality was conducted by comparing
the data from the research database with corresponding data from reference databases.
Tables (Tables 6–11) detail the thematic scope of the layers compared between the research
and reference databases for each factor. The geometric representation of objects in geodetic
databases differs based on the object type and is defined by technical standards specific
to each database. The possible forms of geometric representation include point, multi-
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point, polyline, multiline, polygon, multipolygon. For certain objects, multiple geometric
representation methods may be applicable, depending on their features.

Table 5. Research factors selected for analysis. Source: own study.

Research Factor The Researched Thematic Scope
within the Factor

Geodetic Database

Research Database Reference Database

Land use
Agricultural land

BDOT10k EGiBBuilt-up areas
Forest areas

Water network
Watercourses

BDOT10k BDOT500Canals, drainage ditches
Water reservoirs

Land cover objects Buildings BDOT10k EGiB

Transportation network (road and
rail)

Roadways
BDOT10k BDOT500Railway tracks

Utility networks Overhead utility networks BDOT10k GESUT

Terrain elevation Elevation above sea level NTM BDOT500

Table 6. The detailed thematic scope of the research factor “Land use”, source: own study based
on [40,41].

Geodetic Database Name of Object
Category (Layer)

Code (Layer
Designation) Representation Attribute

BDOT10k
Research database

Forest or wooded area OT_PTLZ surface
forest

coppice
tree cover

Development OT_PTZB surface

multi-family
single-family

industrial and warehouse
commercial and service

other buildings

Grassland and
agricultural crops OT_PTTR surface Grass arable land cultivation

EGiB
Reference
database

Contour of land use EGB_OFU surface
Forest, wooded, and bush land: Ls, Lz, Lzr

Developed land: B, Br, Bi, Ba, Bz
Agricultural land: R, Ps, Ł

Table 7. Detailed thematic scope of the research factor “Water network”, source: own study based
on [40,43].

Geodetic Database Name of Object
Category (Layer) Code (Layer Designation) Representation Attribute

BDOT10k
Research database

Surface water OT_PTWP surface
seawater

flowing water
stagnant water

Surface water

OT_SWRS river and stream line
river,

stream, creek, or brook

OT_SWKN canal line canal

OT_SWRM drainage ditch line drainage ditch

BDOT500
Reference database Water

OTWP surface flowing water

OTWS surface stagnant water

OTWM line drainage ditch
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Table 8. Detailed thematic scope of the research factor “Land cover objects–buildings”, source: own
study based on [40,41].

Geodetic Database Name of Object
Category (Layer)

Code (Layer
Designation) Representation Attribute

BDOT10k
Research database

Building OT_BUBD surface

General function of the building:
Industrial buildings

Transport and communication buildings
Commercial and service buildings
Tanks, silos, and storage buildings

Office buildings
Hospital and other healthcare buildings

Education, science and culture buildings and sports
buildings

Production, service, and farm buildings for
agriculture

Other non-residential buildings
Residential buildings

EGiB
Reference database

Building EGB_ building surface

Type of building according to the Polish
Classification

of Fixed Assets:
Residential (m)

Production, service, and farm (g)
Transportation and communication (t)

Education, science, culture, and sports (k)
Hospital and other healthcare buildings (z)

Office (b)
Commercial and service (h)

Industrial (p)
Tanks, silos, and storage buildings (s)

Non-residential buildings (i)

Table 9. Detailed thematic scope of the research factor “Communication network”, source: own study
based on [40,43].

Geodetic Database Name of Object
Category (Layer)

Code (Layer
Designation)

Representation
of the Objects Attribute

BDOT10k
Research database

Transportation
network

OT_SKJZ
road line

road class

motorway
expressway

main traffic artery
major road

collector road
local road

access road
other roads

surface material

concrete
cobblestone
natural soil

paving stone
prefabricated paving blocks

bitumen
concrete slabs

gravel
crushed stone

other

OT_SKTR
track or set of

tracks
line type of rail vehicle

railroad
underground

tram
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Table 9. Cont.

Geodetic Database Name of Object
Category (Layer)

Code (Layer
Designation)

Representation
of the Objects Attribute

BDOT500
Reference database

Transport

OTKJ
roadway Line or surface surface type

bitumen (j.mb.)
cobblestone (j.kb.)

concrete slabs (j.pb.)
concrete (j.bt.)

gravel or crushed stone (j.zw)
natural soil (j.gr.)

OTKT
track line

Railroad track
Tram track

Underground track
Other tracks

Table 10. Detailed thematic scope of the research factor “Utility networks”, source: own study based
on [40,42].

Geodetic
Database

Name of Object
Category
(Layer)

Code (Layer Designation) Representation Attribute

BDOT10k
Research
database

Utility networks
OT_SULN
power line line

Ultra-high voltage power line
High voltage power line

Medium voltage power line
Low voltage power line

Telecommunications line

GESUT
Reference
database

Ground and
aboveground

utility
networks

SUEP line

Ultra-high voltage power cable (ww)
High voltage power cable (w)

Medium voltage power cable (s)
Low voltage power cable (n)

SUTP
telecommunication cable line

Optical fibre telecommunication cable (s)
Other telecommunication cable (i)

Table 11. Detailed thematic scope of the research factor “Terrain elevation”, source: own study based
on [40,43].

Geodetic Database Name of Object
Category (Layer)

Code (Layer
Designation)

Representation
of the Objects Attribute

DEM
Research database - - raster point height H

BDOT500
Reference database

Terrain
features

OTR point Type of
elevation

OTRS Artificial survey point
OTRN Natural survey point

The next phase of the work involved creating a method to estimate the completeness
of data within the BDOT10k database. It was determined that completeness is the most
critical quality aspect for users of spatial data. A database is deemed useful if it includes
the data that users are looking for. The completeness of the data in BDOT10k was examined
separately for spatial data and attribute data (for a selected primary attribute recorded in the
database). The measure used to determine the attribute completeness was, similar to [35],
the ratio of the number of data entries in the research database to the number of data entries
that should be present according to the theoretical model. Given that the analysis compared
the research database with a reference database, the attribute completeness coefficient ( Ka)
was determined as the ratio of the number of attribute values in the research database to
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the number of distinct attribute values in the reference database the analysed study area
within the given factor according to Equation (1).

Ka =
Abad
Are f

(1)

where:

Ka—attribute completeness coefficient;
Abad—the number of attribute values in the research database;
Are f —the number of different attribute values in the reference database.

The attribute completeness coefficient Ka calculated in this way represents the true
level of completeness of the research database in relation to the reference data for the
specific attribute being assessed (compared). The range of attribute scores depends on the
data analysed and takes values from 0 to ‘n’. A score of 0 indicates the absence of attributes
in the surveyed database; a score of 1 indicates attribute completeness in the research
and reference databases (the same number of attribute values are present in the research
and reference databases). Conversely, scores above 1 indicate attribute redundancy in the
research database relative to the reference data.

Spatial completeness or geometric completeness was determined as the degree of
similarity between two spatial sets by calculating the spatial completeness coefficient
(Kp). For a comprehensive completeness analysis, both the completeness coefficient Kp
and a spatial redundancy coefficient (Np) were calculated. Formulas for calculating the
degree of completeness and redundancy were applied by [50], where the completeness
of building location data in OpenStreetMap (OSM) was analysed by comparison to the
BDOT10k database. A similar formula was used by [51] to determine the similarity of
the area occupied by water recorded in land and building registers and the current area
covered by water obtained from orthophotomaps. The spatial redundancy coefficient is an
additional metric that complements the completeness coefficient and should be considered
alongside it.

The completeness degree was calculated using the formula:

Kp =
2 ∗ ∑ Pi

∑ Pbad + ∑ Pre f
× 100% (2)

where:

Kp—spatial completeness coefficient;
Pi—the product of the intersecting (overlapping) surfaces of the selected layer(s) in the
research and reference databases within the research area;
Pbad—the area of the examined layer within the analysis area;
Pre f —the area of the reference layer within the research area.

The completeness coefficient can range from 0 to 100%, where a value of 0% is obtained
when the intersection of layers shows no common area, and 100% is achieved when the
objects in the research and reference databases perfectly overlap.

To calculate the spatial redundancy coefficient (Np), the following formula was used:

Np =
2 ∗

(
∑ Pre f − ∑ Pi

)
∑ Pbad + ∑ Pre f

× 100% (3)

where:

Np—spatial redundancy coefficient;
Pi—the product of the intersecting (overlapping) surfaces of the selected layer(s) in the
research and reference databases within the research area;
Pbad—the area of the examined layer within the analysis area;
Pre f —the area of the reference layer within the research area.
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A high spatial redundancy coefficient indicates discrepancies between the reference
and research databases. Depending on the type of research factor, the results varied from
0% to 200%, with a 0% result meaning no data in the research database and a 200% result
indicating objects present in the research database but absent in the reference database. A
high completeness coefficient coupled with a low redundancy coefficient signifies robust
data completeness.

The spatial analyses required the existence of input layers in surface (shape) form in
the adopted research method. In cases where the data were not in the form of a layer with
surface objects, e.g., due to the linear representation of the objects, a buffering function
with a set buffer width was used (e.g., for linear objects with width recorded in database
attributes (drainage ditch, pavement width for roads)). All analyses were performed
in QGIS 3.19 software. Despite inconsistencies in reference data across Poland, spatial
completeness and redundancy coefficients can be estimated using the formulas provided
(Equations (2) and (3)), regardless of the type of reference data for each research factor.

Elevation data are crucial for siting devices that use the renewable energy sources (RES)
analysed in this paper. Data from the DEM database differ significantly from the spatial data
in the BDOT10k database. The completeness of spatial data was not estimated for the DEM
database since the numeric terrain model allows interpolation of the elevation at any point
within the area it covers. Spatial accuracy, however, was considered. Preliminary analyses
of elevation data in various test areas revealed that the elevation data from the BDOT500
geodetic database are not error-free. High absolute elevation differences dH observed
for some elevation points in BDOT500 compared to their elevation in the DEM database
do not indicate errors in DEM, but likely result from various errors in the reference data.
Due to the uncertainty of the reference database data, the accuracy of the DEM database
data cannot be assessed based on comparisons with the reference database. Each elevation
comparison requires detailed analysis and possible field surveying. In view of the above, it
was decided to include the mean elevation error Mwys, as revealed in the metadata of each
DEM dataset, in the suitability assessment.

In addition to the coefficients mentioned above, the final suitability equation incor-
porated the usability weights of other research factors. The usability weights of research
factors for each type of RES are shown in Table 12. The weight values were set arbitrarily
but are directly derived from the literature analysis concerning siting criteria (Tables 1–3).

Table 12. Weights to determine the usefulness of the data for RES, Source: own study.

Factor Utility Scales
for RES [W] Sun Wind Water

Land use 3 + + +

Utility networks 2 + + -

Transportation network
(road and rail) 2 + + -

Land cover objects
(buildings) 2 + + -

Water network 1 - - +

Terrain elevation 3 + + +

The final step in developing the methodology was to create a new equation for the
suitability coefficient of the BDOT10k and DEM geodetic databases for RES. Equation (4) is
based on the calculation of the weighted average.

To calculate the score value of the suitability coefficient, the following formula was used:

U =
∑ Wj × Kpj

∑ Wj
(4)
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where:

U—the score value of the suitability coefficient of the BDOT10k and DEM databases for the
research area;
Kpj—another coefficient affecting the suitability of BDOT10k and DEM databases;
Wj—the j-th factor weight affecting the suitability of BDOT10k and DEM databases (Table 11).

Equation (5) provides the expanded form of the above formula:

U =
3 × Kuyt + 1 × Kw + 2 × Kbud + 2 × Kuzbr + 2 × Kdr + 3 × 1/Mwys + 3 × Rd

16
(5)

where:

U—the score value of the suitability coefficient of the BDOT10k and DEM databases for the
research area;
Kuyt—the spatial completeness coefficient Kp of the BDOT10k database for the land use factor;
Kw—the spatial completeness coefficient Kp of the BDOT10k database for the water
network factor;
Kbud—the spatial completeness coefficient Kp of the BDOT10k database for the land cover
objects (buildings) factor;
Kdr—the spatial completeness coefficient Kp of the BDOT10k database for the transportation
network factor;
Kuzbr—the spatial completeness coefficient Kp of the BDOT10k database for utilities
network factor;
Mwys—the mean elevation error for the DEM dataset, as specified in the metadata;
Rd—the average value from the preliminary assessment of the three reference databases
(EGiB, BDOT500, GESUT) for the test area.

Equation (5) contains the coefficient Rd. The coefficient is calculated as the arithmetic
mean of the scoring of reference data from the BDOT500, EGiB, and GESUT databases
for each study area. The point values are taken for each database according to Table 13.
The highest point value is for reference data in the form of a full object database (1.0),
the lowest for data in the form of an analogue map. Preliminary assessment of reference
data is necessary due to the variability of the reference data used in spatial analyses. The
different types of reference data affect the overall suitability score estimated according to
the adopted methodology. The obtained results in terms of the Rd factor in the study areas
are presented in the description of the study areas in Table 14.

Table 13. Preliminary assessment of geodetic data within the thematic scope of the EGiB, BDOT500,
and GESUT reference databases, source: own study.

Data Development Level Score

Complete object-oriented database 1.0

Part of the data in the form of object-oriented databases
+ vector base map 0.8

No database
+ vector base map 0.7

Part of the data in the form of object-oriented databases
+ hybrid base map (vector + raster) 0.4

No database
hybrid base map (vector + raster) 0.3

Raster with georeferencing 0.2

Copy of analogue map 0
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Table 14. Preliminary assessment of geodetic reference data (from the thematic scope of the EGiB,
BDOT500, and GESUT databases) along with the calculation of the Rd coefficient in the test areas.
Source: own study.

Name of Locality Test Area
Designation

Thematic Scope of Data
Coefficient

Rd
EGiB BDOT500 GESUT

Score

Szczecin W1 1 1 1 1.00
Poznań W2 1 1 1 1.00

Łódź W3 1 1 1 1.00
Kielce P1 0.8 0.8 1 0.86

Bielsko-Biała P2 1 1 1 1.00
Olsztyn P3 1 1 1 1.00

Jędrzejów M1 0.3 0.3 0.3 0.30
Grójec M2 0.8 0.7 0.7 0.73

Andrychów M3 1 1 0.7 0.90
Rajcza GC1 0.8 0.7 0.7 0.73

Rycerka Dolna GZ1 0.8 0.7 0.7 0.73
Rycerka Górna GR1 0.8 0.7 0.7 0.73

Łączna GC2 0.7 0.7 0.7 0.70
Zagórze GZ2 0.7 0.7 0.7 0.70
Występa GR2 0.3 0.7 0.7 0.56
Lubasz GC3 0.8 0.4 0.4 0.53

Klempicz GZ3 0.8 0.4 0.4 0.53
Stajkowo GR3 0.8 0.4 0.4 0.53

The proposed scoring values are based on authors’ own experience with the analysed
spatial data in the test areas. Hybrid and raster data formats complicated and prolonged
the preparation time for input layers for analysis.

2.2. Research Areas and Input Data for Analysis

The developed methodology for assessing the suitability of databases was applied
to eighteen research areas across Poland, located in eight provinces. The research areas
were differentiated by the size of the locality and the level of urbanization. Four groups
of areas were selected: province capitals (W), poviat capitals (P), towns (M), and rural
municipalities (G). Three research areas were selected for each group. For urban areas (W,
P, and M groups), the research areas were located outside city centres, on city outskirts,
and in investment areas. Partially undeveloped areas adjacent to existing buildings were
selected. The siting selection was random, but efforts were made to ensure that land cover
objects, such as the road network and buildings related to factors important for renewable
energy investment siting, were included within the research area. For the group of rural
municipalities (G), the number of areas was increased to three per municipality. This
group was further divided into areas near the centres of cities/towns being the seat of the
municipality (group GC), areas around developed zones but located in rural outskirts of the
municipality (group GZ), and areas in rural outskirts of the municipality in undeveloped
agricultural areas (group GR). Three locations were selected for each of the research groups:
GC, GZ, GR.

The locations of the research areas are presented below (Figure 2).
The purpose of distinguishing areas into groups was to assess which group had

access to “better quality” data in geodetic databases. The table below (Table A3 in
Appendix B) presents all the research areas divided into groups, detailing their specific
locations and sizes.

For each research area, data were obtained from the publicly accessible BDOT10k
and DEM databases via the website www.geoportal.gov.pl. In the case of data from the
reference databases (EGiB, BDOT500, GESUT), data were sourced from the appropriate
poviat starosty. If comprehensive object-oriented database data were not available for

www.geoportal.gov.pl


Energies 2024, 17, 4919 16 of 64

the area, a vector map was obtained, which included the graphical elements pertinent to
the thematic content of the EGiB, BDOT500, and GESUT databases (Polish name: mapa
zasadnicza). Coverage of full object-oriented reference databases varies across the country,
posing considerable challenges during data retrieval and, primarily, for their subsequent
application. When no database exists for a specific site, potential users cannot access
metadata online, which complicates obtaining basic information about data availability
and quality. Information about the type of data available for a specific site is only provided
in response to requests. The format of the data (raster, object-oriented database, numerical
map, or hybrid data) and the format for sharing data for selected sites in Poland vary
depending on the software used for the base map. Potential data users receive files in
different formats; in some cases, these include rasters of analogue maps or hybrid data
(some data are in numerical form, some in database form, and some on a raster).
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To enhance the visualization and organization of information regarding the type of
reference data obtained from the National Geodetic and Cartographic Resource, Table 14
provides a preliminary assessment of the reference data. At the beginning, after recognising
what kind of data exist in the PZGiK for a given study area, the point values of the initial
evaluation of the BDOT500, EGiB, GESUT thematic range data were determined. The point
values are taken for each database according to Table 13. The amount of Rd was then
calculated as an arithmetic mean. The obtained results in terms of the Rd factor in the study
areas are presented in Table 14. The highest coefficient value (1.0) was achieved for larger
cities such as Szczecin, Poznań, Łódź, Bielsko-Biała, and Olsztyn, where comprehensive
object-based databases EGiB, BDOT500, and GESUT are maintained. The lowest coefficient
value was found for the test area of Jędrzejów, where the reference data consist of hybrid
spatial data (vector map and raster of an analogue map) across the three databases. Cities
typically have spatial data that are better aligned with current regulations compared to
towns, due to greater financial resources available in these areas. In addition, update
surveys in towns usually involve individual building plots.
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3. Results

This chapter presents the results of all the analyses conducted in this study. First,
Section 3.1 presents the results regarding the attribute completeness coefficient ( Ka), spatial
completeness coefficient

(
Kp

)
, and spatial redundancy coefficient (Np) obtained across all

18 research areas for all research factors. Then, Section 3.2 provides detailed comparisons
of the spatial completeness and spatial redundancy coefficients for the following research
factors: land use, water network, land cover objects (buildings), transportation network,
and infrastructure network. Section 3.3 provides the results regarding the suitability coeffi-
cient of (U) publicly accessible geodetic databases for RES. As there are many parameters
in the article, it was decided to summarise all calculated coefficients in a table. Table 15
shows all the coefficients calculated in the article with a brief explanation.

Table 15. Summary of all calculated coefficients. Source: own study.

Coefficient Designation Full Name Additional Explanations

Ka attribute completeness coefficient Coefficients related to the examined
elements of BDOT10k database data

quality
Kp spatial completeness coefficient

Np spatial redundancy coefficient

Kuyt coefficient Kp for the land use factor

Spatial completeness coefficient Kp of the
BDOT10k

Kw coefficient Kp for the water network factor

Kbud
coefficient Kp for the land cover objects

(buildings) factor

Kdr
coefficient Kp for the transportation network

factor

Kuzbr
coefficient Kp of the BDOT10k database for

utilities network factor

Mwys the mean elevation error For the DEM dataset, as specified in the
metadata

Rd coefficient
The average value from the preliminary

assessment of the three reference
databases (EGiB, BDOT500, GESUT)

U suitability coefficient Of the BDOT10k and DEM databases

3.1. BDOT10k Database Data Completeness Results

All the results obtained for completeness, being the most critical element of data
quality in this study, are provided in Appendix C. Each table (Tables A4–A9) contains
results for a different group of research areas. The values of the calculated coefficients–
attribute completeness coefficient ( Ka) spatial completeness coefficient

(
Kp

)
, and spatial

redundancy coefficient (Np)–for all research areas are presented in the form of charts and
described below.

3.1.1. Results for the Attribute Completeness Coefficient (Ka)

The attribute completeness coefficient was calculated based on Equation (1) presented
in Section 2. The coefficient (Ka) indicates the actual completeness of the BDOT10k research
database in relation to the reference data for the evaluated (compared) attribute. The score
ranges from 0 to “n”, where 0 indicates the absence of attributes in the research database,
and 1 indicates attribute completeness in both the research and reference databases (the
same number of objects with the given attribute value are present in both databases). Values
exceeding 1 indicate attribute redundancy in the research database relative to the reference
data. The obtained values for the attribute completeness coefficient of the BDOT10k
database in relation to the reference data for all research areas across all analysed research
factors are presented in the chart below (Figure 3).
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Figure 3. Attribute completeness coefficient chart for all research factors across all research areas.
Source: own study.

The highest scores for the Ka coefficient (2.0), indicating attribute redundancy in
BDOT10k compared to the reference data, were obtained for the Rajcza and Rycerka Dolna
areas regarding the water network and for the transportation network in Zagórze. In the
case of Andrychów (a town from group M), the coefficient also reached 2.0 for the utilities
network factor. The greatest attribute completeness (attribute completeness coefficient
score close to 1.0) was found in province capitals, as well as in rural, non-urbanized areas
(group GR). For GR areas, this high completeness is also related to the small number of
objects in the layers and the absence of water and road network objects. In developed rural
areas, the highest attribute completeness coefficient scores were obtained for most of the
research factors.

For building data, a high attribute completeness coefficient (close to 1.0), indicating
consistency between the BDOT10k and EGiB databases, was observed in Szczecin, Poznań,
Łódź, Olsztyn, Rajcza, and Klempicz. The greatest attribute deficiencies in the BDOT10k
database were found in the Rycerka Dolna and Zagórze areas. Regarding the infrastructure
network, similar coefficient scores (1.0) were obtained for Bielsko, Olsztyn, Szczecin, and
Rycerka Dolna. The largest attribute deficiencies (coefficient below 1.0) in the BDOT10k
database were noted in the Kielce and Łączna test areas. A high attribute completeness
coefficient (score close to 1.0) was consistently achieved for land use data and in rare cases
for other factors. The study showed that for the other research factors, attribute designations
in the BDOT10k database are not consistent with those in the reference databases. This
inconsistency stems from differences in the attribute designation schemes between the
BDOT10k and the reference databases. For instance, in the BDOT10k database, residential
areas are categorized into multifamily and single-family housing, while the EGiB database
does not have equivalent categories. Conversely, the EGiB distinguishes between residential
development (B) and buildings on agricultural lands (Br), a distinction that is absent in the
BDOT10k database. In BDOT10k, agricultural land is categorized into two attribute values
(grass vegetation and arable land), whereas in EGiB, there is a more detailed division
into arable land, pastures, and meadows. In areas where the reference data consisted
of complete databases (BDOT500, GESUT, EGiB), the attribute designations were more
consistent with BDOT10k compared to areas where the reference data was available in
other forms (hybrid data, vector maps).
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3.1.2. Results of the Spatial Completeness (Kp) and Spatial Redundancy (Np) Coefficients

To determine if a database exhibits high spatial completeness, the results of two co-
efficients were analysed, the spatial completeness coefficient and the spatial redundancy
coefficient, which complement each other. The spatial completeness coefficient was calcu-
lated based on Equation (2) presented in Section 2. The completeness coefficient can range
from 0 to 100%, with a value of 0% obtained when the intersection of layers revealing a
lack of common areas, while 100% revealing when the objects in the research and reference
databases overlapped. Equation (3) described in Section 2 was used to calculate the spatial
redundancy coefficient (Np). A high spatial redundancy coefficient indicates discrepancies
between the reference and research databases. Depending on the type of research factor,
the results varied from 0% to 200%, with a result of 0% indicating a lack of data in the
research database, while the maximum value of 200% indicating the presence of objects in
the research database while being absent in the reference database. A high completeness
coefficient coupled with a low redundancy coefficient signifies robust data completeness.

The results for the spatial completeness coefficient
(
Kp

)
for all areas included in the

spatial analyses, across all studied factors, are presented in the chart (Figure 4). The results
for the spatial redundancy coefficient (Np) are shown in a separate chart (Figure 5).

The highest value of the spatial completeness coefficient for the BDOT10k database
among all research factors was obtained for land cover objects (buildings). For three
research areas, namely Poznań, Jędrzejów, and Zagórze, the coefficient value is close to
100%. The high results of the spatial completeness coefficient for the land use factor and land
cover objects (buildings) along with simultaneously low values of the spatial redundancy
coefficient indicate a high degree of consistency between the publicly accessible research
databases and the geodetic reference data. The lowest values of the spatial completeness
coefficient were obtained for the infrastructure network factor in all test areas, regardless
of whether they were cities or rural areas. For this factor, redundancy was also minimal
(Figure 5). The highest values of the spatial redundancy coefficient were recorded in rural
areas for the water network and road network. Similarly high redundancy coefficients were
noted in the areas of Łódź and Szczecin (cities in group W).
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Figure 4. Chart of the spatial completeness coefficient in the studied areas across all research factors.
Source: own study.
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3.2. Comparative Analysis of the Results Obtained for Spatial Completeness and Redundancy
Coefficients by Research Factor

Below is a comparative analysis of the results obtained for spatial completeness
(Kp) and spatial redundancy (Np) coefficients, separately for each research factor. In-
teresting cases, encountered difficulties, and interim conclusions from the analyses are
also highlighted.

3.2.1. Land Use

The value of the spatial completeness coefficient for the land use factor is presented in
the chart for all research areas analysed in the study (Figure 6).

The highest value of the completeness coefficient was obtained in the research areas
of Stajkowo and Rycerka Górna, where no spatial redundancy was detected. The average
completeness value for this research factor is 60% across all areas. For all analysed research
areas, it was possible to calculate the spatial completeness coefficient of the BDOT10k
database using reference data, regardless of the type of data available for each area. More-
over, for the land use factor, only four research areas had a spatial completeness coefficient
value below 50%. The lowest spatial data completeness coefficient was recorded in the
research area of Kielce (24%) and Rycerka Dolna.

Only in two urban areas, Łódź and Olsztyn, was a high redundancy coefficient ob-
served in the BDOT10k data compared to the reference data, along with a low completeness
degree—around 40% in these areas. In general, the completeness for the land use factor in
cities is relatively low. Conversely, for predominantly agricultural areas (undeveloped), the
completeness is significantly higher compared to cities This is due to the presence of large
complexes with uniform land use in the BDOT10k, mainly agricultural and forest areas. In
the BDOT10k database, land cover data are primarily retrieved from orthophotomaps, and
their interpretation largely depends on the person entering the contours of that land cover
into the database. Utilizing a reference layer of land use during the update process for the
BDOT10k database would be helpful.
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Figure 6. Chart of the spatial completeness and redundancy coefficients for the research factor—land
use. Source: Own study.

Difficulties were encountered during spatial analyses due to the lack of land use data
in the object-oriented databases of EGiB for several test areas. For example, in the Grójec
research area, an incomplete EGiB object-oriented database existed but lacked spatial data
on land use. These data had to be retrieved for analysis purposes from a vector map of the
land and building register. No object-oriented EGiB database is maintained for the areas
in the Świętokrzyskie province areas (Jędrzejów and the Łączna municipality, including
the Łączna, Występa, and Zagórze test areas). Information on land use was available in
vector map form, and in the Występa area, partially as a vector map and partially as a raster
map (hybrid data). As the study conducted in the paper shows, this reference database
is not used when updating BDOT10k due to insufficient information. Land use data are
recorded in the EGiB database as land use designations (attributes) and land use boundaries
(spatially). It is suggested that instead of the BDOT500 database (as currently indicated by
the BDOT10k application schema), the EGiB database should be indicated as the reference
for BDOT10k in the database application schema. Using land use information during the
BDOT10k update could be very useful in places where interpreting the boundaries of areas
for specific purposes on orthophotomaps is difficult.

3.2.2. Water Network

A high degree of spatial data redundancy compared to completeness was obtained for
the water network factor. The highest redundancy coefficient score values were obtained in
the Stajkowo test area, as well as in the Łódź and Lubasz areas. Spatial redundancy in the
BDOT10k data regarding water network objects was present in nearly all test areas where
such objects were included (Figure 7).

The average spatial completeness coefficient for all areas was 28%. The highest
completeness coefficient was recorded in the Olsztyn area, approximately 73%. Only in
the case of the Rycerka Dolna research area, the geometric representation of the river in
BDOT10k took the form of a surface object, not just a linear one in the form of a watercourse
axis, as shown in the figure (Figure 8). In this area, however, the reference database
contained only fragmentary data and did not allow for the creation of a surface layer for
comparative analyses. It should be noted that the alignment of the river with the current
orthophotomap is not very accurate.
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Figure 7. Chart of the spatial completeness and redundancy coefficients for the research factor—water
network. Source: own study.
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Figure 8. Objects of the water network from the base map and the research BDOT10k database in the
vicinity of the Rycerka Dolna research area against the orthophotomap.

In most research areas, the water network in BDOT10k consists of linear objects with
attributes indicating width, such as that of drainage ditches. A complete BDOT500 database
exists for the Łódź area. Water network objects in this area are drainage ditches, which
in BDOT10k are recorded as 1.0 m wide (as noted in the database attributes), whereas in
BDOT500, they are shown as surface objects. The completeness coefficient for this thematic
layer was 38%, while a high redundancy coefficient of 153% was recorded. In some cases,
such as in Klempicz (a group of towns on the outskirts of municipalities), there were surface
water objects that were not present in the reference database (neither in BDOT500 nor in
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the vector or raster main map—hybrid data exist for this area), but they accounted for 50%
of all water network objects in terms of surface area.

3.2.3. Land Cover Objects (Buildings)

For all study areas, high values of the completeness coefficient for buildings were
obtained, ranging from 78% to 98%. Simultaneously, the lowest values of the redundancy
coefficient were observed in this group of factors. This indicates a high level of completeness
of the research database relative to the reference database. The chart (Figure 9) shows the
obtained results of spatial completeness and redundancy coefficients.
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Figure 9. Chart of the spatial completeness and redundancy coefficients for the research factor—land
cover objects—buildings. Source: own study.

The highest value of the redundancy coefficient was obtained in the areas of Łódź and
Andrychów, approximately 40%. At the same time, these areas showed lower results for
the spatial completeness coefficient—80% for Łódź and 77% for Andrychów. The highest
completeness coefficients for buildings were found in rural municipalities and for the group
of poviat capitals (P). Lower values were observed for province capitals (W) and towns
(M). In all research areas, the spatial completeness coefficient exceeded 70%, indicating
a high level of completeness in the BDOT10k database regarding the buildings factor.
The high result of the spatial completeness coefficient for land cover objects (buildings)
along with simultaneously low values of the spatial redundancy coefficient indicate a high
degree of consistency between the publicly accessible research databases and the geodetic
reference data.

Despite the estimated high spatial completeness coefficient for this factor compared
to other analysed objects, numerous difficulties were encountered during comparative
analyses. These issues stem from inconsistencies between the reference databases and the
research database. While the BDOT10k database demonstrated high uniformity nationwide,
the reference data varied across different areas. The most important discrepancies and
difficulties in the analyses performed, according to the authors of the paper, are described
below. In the Klempicz area (GZ—municipal settlements, village on the outskirts of the
municipality), the reference database is an incomplete geodetic database (EGiB). The EGiB
database contains information on some buildings (from 2013). Older objects are recorded
on the vector base map layers. The following figure (Figure 10) shows the distribution
of buildings in the research area, indicating which buildings were recorded in the EGiB
object-oriented database and which were recorded only on the vector base map.
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Figure 10. Distribution and completeness of buildings in the partially existing EGiB reference database
compared to the vector data of the base map in the Klempicz research area.

In the partially existing EGiB object-oriented database, there are 22 buildings, while the
base map shows 46 buildings. In addition, it was found that three buildings were present
both in the EGiB database and on the map, with one building’s outline on the vector map
being enlarged and more closely matching its image on the orthophotomap. In addition,
the building function designations were not complete on the vector map. In many cases,
determining the function of a building required using a raster of an old map. Some farm
buildings lacked designations on the vector map, as opposed to the raster. Additionally,
some buildings in the vector database only had a reference number but lacked a building
function designation.

Interesting cases were encountered during the analysis of buildings in the Rajcza
municipality. In the Rajcza area (GC group), the outlines of buildings in the BDOT10k
database did not geometrically match the buildings on the base map, even though most
buildings in the analysed area had a record in the database attributes stating that the
source of geometric data for BDOT10k was the base map. Seven buildings (out of forty-
seven buildings in the test area, constituting 15%) were identified based on the current
orthophotomap. In the Rycerka Dolna area, there is also a discrepancy in location, although
the geometry of the buildings is mainly derived from the base map (according to the data
recorded in the database attributes). In this area, there is a puzzling shift by a similar
vector of approximately 0.3–0.40 m of data in BDOT10k relative to the vector base map.
The likely reason may be the alignment of the geodetic survey grid to which the update
measurements for EGiB are referenced. The observed discrepancies between the BDOT10k
database and the reference data for the Rycerka Dolna area are illustrated in the figure
(Figure 11).

3.2.4. Transportation Network

The value of the spatial completeness coefficient for the transportation network in the
test areas ranged from 24% in Jędrzejów and Występ to 76% in Poznań (Figure 12). In most
of the test areas, the transportation network consisted of road networks, with only two
areas containing other objects (tracks).
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Figure 11. Discrepancies between the location in the BDOT10k database and the base map: (A) offset
by vector 0.3–0.4 (for buildings in BDOT10k with data source attribute: EGiB database); (B) building
outline in BDOT10k (based on the orthophotomap) relative to the outline from the EGiB database.

Energies 2024, 17, x FOR PEER REVIEW 27 of 65 
 

 

 

Figure 11. Discrepancies between the location in the BDOT10k database and the base map: (A) offset 

by vector 0.3–0.4 (for buildings in BDOT10k with data source attribute: EGiB database); (B) building 

outline in BDOT10k (based on the orthophotomap) relative to the outline from the EGiB database. 

3.2.4. Transportation Network 

The value of the spatial completeness coefficient for the transportation network in the 

test areas ranged from 24% in Jędrzejów and Występ to 76% in Poznań (Figure 12). In most 

of the test areas, the transportation network consisted of road networks, with only two 

areas containing other objects (tracks). 

 

Figure 12. Chart of the spatial completeness and redundancy coefficients for the research factor—

transportation network. Source: own study. 

A high value of the spatial completeness coefficient was obtained for most urban ar-

eas and rural settlements (GC and GZ groups). Only in four test areas did the coefficient 

fall below 40%. These areas were Szczecin, Kielce, and Jędrzejów. In the Szczecin research 

area, where a complete BDOT500 (reference) database exists, it was found that the 

BDOT10k database contains significantly fewer road network objects than the reference 

0.00

20.00

40.00

60.00

80.00

100.00

120.00

140.00

160.00

180.00

200.00

[%
]

Transportation network

spatial completness redundancy

Figure 12. Chart of the spatial completeness and redundancy coefficients for the research factor—
transportation network. Source: own study.

A high value of the spatial completeness coefficient was obtained for most urban areas
and rural settlements (GC and GZ groups). Only in four test areas did the coefficient fall
below 40%. These areas were Szczecin, Kielce, and Jędrzejów. In the Szczecin research area,
where a complete BDOT500 (reference) database exists, it was found that the BDOT10k
database contains significantly fewer road network objects than the reference database. This
is evidenced by a low spatial completeness index of 25% and the high level of redundancy
at 141%.

The lowest spatial completeness was recorded for typically agricultural areas, where
unpaved dirt roads prevail (GR group areas). In these sites, the reference database often
lacks data from updating measurements, which would reveal objects in the BDOT500



Energies 2024, 17, 4919 27 of 64

database or the base map. Conversely, the absence of dirt roads in the BDOT10k database in
some test areas may result from interpretive difficulties or visibility on the orthophotomap.
It is worth mentioning that while the geometry of dirt roads is recorded in BDOT10k, the
surface width attribute is NULL. In places where spatial data on road objects are missing
from both BDOT10k and the reference database, the only road-related information is the
parcel boundary and the land use designation “dr” in EGiB. In the agricultural area of
Stajkowo, there were no spatial data available in either the BDOT10k or the reference
databases. In the Rycerka Górna area, there were no objects in the research database, while
the reference database (fundamental base vector map, as there was no BDOT500 database
in the area) included layers of the edges of dirt roads (F). As a result, the data redundancy
coefficient was 200% (completeness: 0%), which is the highest among all values in the tested
areas. It is noteworthy that outside the test area, there is a dirt road with a similar layout
and appearance on the orthophotomap, which was identified in the BDOT10k database
(Figure 13).
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orthophotomap. Source: Own study.

3.2.5. Utility Networks

The lowest values of the spatial completeness coefficient were obtained for infras-
tructure networks information. The coefficient value is comparable across all test fields.
The lowest completeness coefficient was recorded in areas of large province capitals, with
two areas from this group having a coefficient of 5%. The chart below shows the results
of the spatial completeness and redundancy coefficient (Figure 14). For better readability,
the vertical scale is shown up to 30%, with redundancy results in the Lubasz and Rycerka
Dolna areas exceeding 30%, 73% for Lubasz, and 178% for Rycerka Dolna.
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Figure 14. Value of the spatial completeness and redundancy coefficients for the research factor—
utilities network. Source: own study.

The highest value of the spatial completeness coefficient was obtained for the Bielsko-
Biała area, at 15%. The lowest completeness coefficient was recorded in areas of large
province capitals, with two areas from this group having a coefficient of 5%. The highest
value of the spatial redundancy coefficient was observed for infrastructure networks
in Rycerka Dolna, at approximately 178%. This high value indicates significant data
redundancy in BDOT10k compared to the reference database, likely resulting from the
removal of an overhead grid segment in this area. A similarly high redundancy coefficient
(73%) was noted for the Lubasz area. Detailed analysis reveals that the Lubasz research area
has a GESUT database. However, during the preparation of input layers for GIS analysis, it
was found that only the most recent data from 2021 had been entered into the database. The
remaining grids are partially available in the vector database (mainly service connections
to the buildings, recorded based on recent measurements in individual reports—mostly
underground (cable) service connections). In contrast, most of the grids analysed in this
paper (overhead main grid) were sourced from a raster map at a scale of 1:500, leading to
difficulties in grid identification and probable errors. For the remaining areas, the spatial
redundancy coefficient did not exceed 30%, and the low spatial completeness coefficient
suggests that the completeness concerning utilities networks is not high.

3.3. Assessment of the Suitability of Publicly Accessible Geodetic Databases for RES

In the final stage of the analysis, an attempt was made to assess the overall usability
of the publicly accessible BDOT10k and DEM databases for RES investments using a
single suitability coefficient. This coefficient score was calculated based on own formula
Equation (5) presented in Section 2. The range of possible score values for the suitability
coefficient ranges from 0.38 to 2.69. The lowest possible score value of the coefficient was
estimated for a theoretical area where the spatial completeness coefficients are minimal
(0.01) for all research factors, all reference data are in raster format, and the average DEM
error in the dataset metadata is 0.50 m. The maximum score value of the suitability
coefficient was estimated for DEM with an average error of 0.10 m, reference data in the
form of complete object-oriented databases, and a spatial completeness coefficient of 1.0
for all research factors. To assess the suitability of the verified databases, a threshold score
value of the suitability coefficient was set at 1.34, representing 50% of the maximum score
value, indicating the suitability of the databases. Subsequently, it was assumed that a
suitability coefficient value above 80% of the maximum score value (2.15) indicates that the
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databases are fully suitable for RES. Based on these assumptions, the following ranges for
the suitability coefficient score values were defined:

• 0–1.34 databases not suitable for RES;
• 1.35–2.15 databases suitable for RES;
• 2.16–2.70 databases fully suitable for RES.

The results obtained for the suitability coefficient of BDOT10k and DEM geodetic
databases for RES in the research areas, divided by area groups, along with calculations
according to the adopted methodology, are provided in Appendix D. The obtained results
of the suitability coefficient are also presented in the chart below (Figure 15). The threshold
level of the suitability coefficient is marked with a red dashed line. Values above this
level indicate the suitability of the publicly accessible BDOT10k and DEM databases for
RES in the research area. The red solid line marks the value considered as the minimum
for determining full suitability of the research databases for RES investment siting in the
research area.
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Figure 15. Results of the suitability coefficient of publicly accessible databases. Source: own study.

The highest suitability coefficient was recorded in the research area of Poznań (2.56),
while the lowest result among all analysed areas was in Występa (1.52). Based on the chart
above, it can be concluded that the best suitability is found in city areas (from the group
of province capitals W and poviat capitals P), where the suitability coefficient is relatively
high, averaging 2.40 for province capitals and 2.36 for poviat capitals. These areas have
reference data in the form of complete object-oriented databases. The analyses yielded high
values for the completeness coefficient. Generally, the DEM database is more accurate in
urban areas compared to rural areas. In town group areas (Andrychów, Jędrzejów, Grójec),
the suitability coefficient was notably lower, averaging 1.71. The results were similar across
all areas in this group. Similar suitability coefficient score values were observed in rural
areas across all three groups of GC, GR, GZ areas. In these areas, there is a noticeable
variability in results. Research areas in the Rajcza municipality (Rajcza, Rycerka Górna,
and Rycerka Dolna) achieved significantly higher results compared to other rural areas. In
these research fields, the DEM database having a higher accuracy, as well as fairly higher
values in terms of completeness coefficient, were observed. Moreover, these areas have a
complete EGiB object-oriented database along with land use data, while reference data for
thematic areas BDOT500 and GESUT are included in a complete vector map.

The obtained score value of the coefficient in each of these areas exceeds 1.34, which
was adopted as the threshold value indicating the usefulness of the analysed databases for
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the specified purpose of this paper. Based on the analyses, it was determined that fully
suitable databases are available for the group of poviat capitals (Łódź, Poznań, Szczecin)
and province capitals (Bielsko-Biała, Kielce, Olsztyn).

4. Discussion and Conclusions

The conducted analyses allowed for the formulation of the following main conclusions:

(1) It is possible to determine the requirements of spatial data users related to the process
of siting renewable energy infrastructure based on the existing extensive national and
international literature regarding the first stage of investments, i.e., spatial analyses
carried out in a GIS environment to identify areas predisposed to and excluded from
investment siting;

(2) As a result of the analysis of publicly available geodetic databases BDOT10k and NMT
in 18 randomly selected locations from Poland, it was found that these databases
contain data for the determination of research factors of importance in the process of
localization of infrastructure for selected RES. The data are available in the databases,
and with their help, it is possible to carry out research according to the methodology
adopted in the study.

The BDOT10k database is a topographic spatial database, made available for free use.
As shown in the literature, spatial data of this thematic scope and similar detail are typically
used in multi-criteria spatial analyses for the selection of sites for RES devices [13,18,28,29].
The BDOT10k database covers the entire country, so data can be obtained for any site and
any area at the poviat, province, or national level. In addition, for any area in Poland,
the data are uniform (the same layer names, object representations, and attributes). From
the perspective of data users, this database has the best accessibility. DEM was chosen as
the research database for elevation-related factors due to its coverage with free, publicly
accessible, and uniform data for the entire country. The BDOT10k database is also intended
to include elevation data in the future (according to the BDOT10k Regulation), although
such data are not currently collected.

(3) It was found that publicly accessible geodetic databases BDOT10k and DEM are useful
in the process of RES infrastructure siting. The method for assessing the suitability of
publicly accessible BDOT10k and DEM geodetic databases, proposed in this paper,
allowed for the calculation of the suitability coefficient in all research areas. Similar
analyses of geodetic databases from the perspective of a specific group of data users
have not yet been conducted. Additionally, no studies have assessed the collective
suitability of multiple geodetic databases in the form of a single coefficient.

The presented studies confirmed the validity of using publicly accessible BDOT10k
and DEM geodetic databases in GIS analyses for finding suitable sites for solar, wind, and
small hydroelectric power plants. The developed methodology allows us to assess the
suitability of the databases studied for any area of Poland. It considers all forms of reference
data occurring in the area of the country (data in the form of object database, raster, vector,
analogue). The developed method is universal and can be used in other locations also in
the world, provided that similar databases are available for the area of the country (in terms
of subject and accuracy). It is also necessary to have reference databases of higher accuracy
and detail than the databases studied, as the methodology involves comparative analyses
of objects contained in two databases. The proposed usability assessment is performed
from the point of view of the data user and represents an innovative approach to database
assessment. Research on the usability of databases has not been conducted so far and it
is difficult to compare it with other methods due to its specific nature. Further research
in a similar scientific context would be needed and valuable. The suitability assessment
in the form of a single coefficient is easy for data users to interpret; however, it should
be noted that there is some risk of misinterpreting the assessment score during the data
aggregation process. The proposed methodology could be useful for other groups of spatial
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data users in assessing the suitability of geodetic databases for their purposes by selecting
an appropriate set of research factors reflecting the requirements of the target user group.
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Appendix A

Table A1. Identification of factors relevant to the siting of solar power plants—literature analysis, source: own study.

Author, Publication, Country Categories of Factors Factors Influencing Localisation Factors Excluding Location Spatial Data Used/Notes

Financial subsidies and the location
decision of solar power plants in

Hungary: An empirical
investigation [52]

• Climatic factors
• Location factors
• Topographical factors

• level of irradiation/sunshine
• temperature
• proximity to existing road

networks
• distance from populated areas
• distance from electricity grids
• distance to water bodies
• slope (preferably flat land with

a slope of 3–5%)

• No information available

Environmental decision-support
systems for evaluating the carrying
capacity of land areas: Optimal site

selection for grid-connected
photovoltaic power plants [23]

Andalusia (Spain)

• Climatic factors
• Environmental factors
• Location factors
• Topographical factors

• global irradiance
• diffuse radiation
• number of hours of sunshine
• average temperature
• land use (possible shading)
• visual effect
• distance from motorways
• distance from electricity

substations
• distance to urban areas (more

than 5000 inhabitants)
• slope gradient
• slope exposure

• protected reserves/national
parks

• rivers/river access zones
• motorway access zones
• coastal zones
• livestock trails

• No information available
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Table A1. Cont.

Author, Publication, Country Categories of Factors Factors Influencing Localisation Factors Excluding Location Spatial Data Used/Notes

Location Study of Solar Thermal
Power Plant in the State of

Pernambuco Using Geoprocessing
Technologies and Multiple-Criteria

Analysis [10]

Pernambuco, north-eastern region
of Brazil

• Climatic factors
• Environmental factors
• Location factors
• Topographical factors

• direct normal irradiation
• land use (agricultural potential

of soils)
• distance from substations
• access to road network
• proximity to urban areas

(minimum 25,000
inhabitants)—distance to water
resources

• terrain slope
• visual horizon—obstacles

(hills, trees, towers, etc.) with
visual angles of less than 10◦

• conservation units
• areas with high agricultural

potential
• urban and metropolitan areas
• other protected areas typical of

the location

• updated information on
insolation available and
published by the relevant
government agency

Site selection for solar power plant
in Zaporizhia city (Ukraine)

[11]
Zaporizhia city (Ukraine)

• Economic factors
• Environmental factors
• Technical factors

• distance from residential areas
• proximity to road networks
• distance from multi-storey

buildings
• terrain slope, exposure
• distance from forests, parks

and protected areas
• distance from hydrological

facilities
• average temperature
• land cover
• solar radiation
• distance to electricity grids

• Open Street Map data and
raster data on sunshine and
climate https://solargis.com/

• The Public Cadastre Map of
Ukraine

Improving the Efficiency of Solar
Power Plants

[30]
Luxor (Egypt)

• Aspects of module positioning • slope angle relative to horizon
and exposure

• modules deviation from
vertical position

• module sizes
• module spacing (aspect of

mutual shading of modules)

• Simulation of the siting of a
new type of bifacial module on
a specific site

https://solargis.com/
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Table A1. Cont.

Author, Publication, Country Categories of Factors Factors Influencing Localisation Factors Excluding Location Spatial Data Used/Notes

Optimization of photovoltaic solar
power plant locations in northern

Chile
[24]

• Physical factors
• Environmental factors
• Social factors

• average temperature
• global irradiance
• orography (slope and

orientation of slopes)
• distance to power lines
• accessibility of motorways
• land use
• biomass
• distance from the nearest town
• visibility from roads

• protected land and water areas
• visibility from historical sites

and typical zones (i.e., areas
recognised as valuable for
cultural and landscape values
by the Ministry of Public
Education of Chile

• most accurate data (DEM and
Landsat 5 TM 2011 30 × 30 m
resolution)

• global irradiance data
500 × 500 m (Ministry of
Energy Chile 2013)

• temperature data, lowest
resolution 4000 × 4000 m

Analyzing territory for the
sustainable development of solar

photovoltaic power using GIS [12]
Valencia, eastern Spain

• Environmental factors
• Geographical factors
• Technical-economic factors
• Social factors

• climate: temperature, altitude,
solar radiation

• soil: internal features (natural
soil fertility, depth, texture and
geology); external features
(slope, land cover, erosion,
flood risk and wind risk)

• proximity to roads
• distance to electricity grids
• design (solar cells, module tilt,

type of panels, grid
connection)

• initial capital cost
• discount rates
• project lifetime
• retail electricity pricesimpact

on the landscape
• work opportunities
• development of rural areas
• legal constraints

• legal and environmental
exclusions:

• laws on the protection of
natural areas, protection of
undeveloped land, protection
of natural heritage and
biodiversity,

• the Valencian Natura 2000
network

• Planning Act, which regulates
the construction of
photovoltaic farms within
sight or impact on the view of
valuable landscapes

• DEM 5m raster (2010)
Valencian Institute of
Cartography

• maps scale 1:5000 and smaller
with information on
environmentally protected
areas, high mountain areas,
forest areas, relevant
agricultural land

• maps with infrastructure data
including high and low
voltage lines of the Valencian
Community.

• maps from the Spanish
National Geographic Institute
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Table A1. Cont.

Author, Publication, Country Categories of Factors Factors Influencing Localisation Factors Excluding Location Spatial Data Used/Notes

Regional Scale wind farm and solar
farm suitability assessment using

GIS-assisted multi-criteria
evaluation

[15]
Area of southern England

Technical factors
Visual factors

Environmental factors
Economic factors

• solar radiation
• distance from areas of

historical interest
• distance from residential areas
• distance from transport

networks (roads)
• distance to energy networks

• classification of agricultural
land

• areas of historical interest
• areas of landscape importance
• residential areas
• slope direction/elevation
• slope gradients

• Spatial data made available by
institutions (meridian2osmaps
et al.)

• DEM

PV site suitability analysis using
GIS-based spatial fuzzy

multi-criteria evaluation
[25]

Oman

Technical factors
Economic factors

Environmental factors

• solar radiation
• land use
• proximity to roads
• slope
• sensitive areas under

landscape and heritage
protection (aesthetic
requirements)

• dust and sand risk (specific to
this geographical location);
high cost and water
consumption for a dry country
like Oman

• flood and wind risk areas • Spatial data on transmission
power lines was not available.

• The study will identify
potential development paths
for future transmission lines to
run close to the most suitable
locations for large-scale PV
farm deployments.
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Table A2. Identification of factors relevant to the siting of wind farm sites—literature analysis, source: own study.

Author, Publication, Country Categories of Factors Factors Influencing Localisation Factors Excluding Location Spatial Data Used/Notes

Constraints on development of
wind energy in Poland due to

environmental objectives. Is there is
space in Poland wind farm siting

[18]

Settlement factors
Landscape and environmental

factors
Visual factors

Technical factors

• Distance from residential areas
• Visibility
• 4 levels of areas with regard to

landscape and cultural values
• Identification of perception

points and view axes

• Areas of cities and their
administrative boundaries

• Since 2016 the so-called
Distance Act (distance of
turbines min. 10 × height of
turbine from residential areas)

• National parks and nature
reserves

• Protected landscape areas,
landscape parks, Natura 2000

• Forest areas
• Surface waters and wetlands

• BDOT10k
• BDOO
• Central Register of Nature

Conservation (pol. CRFOP)

Regional Scale wind farm and solar
farm suitability assessment using

GIS-assisted multi-criteria
evaluation

[15]
Area of southern England

Technical factors
Visual factors

Environmental factors
Economic factors

• Wind speed
• Distance from areas of historic

interest
• distance from residential areas
• Distance from wildlife areas
• Distance from transport

networks (roads)
• Distance from power grid
• Slope direction/exposure
• Slope gradient

• Classification of agricultural
land

• Areas of historical interest
• Areas of landscape importance
• Residential areas
• Wilderness areas

• Spatial data made available by
institutions (meridian2osmaps et al.)

• DEM
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Table A2. Cont.

Author, Publication, Country Categories of Factors Factors Influencing Localisation Factors Excluding Location Spatial Data Used/Notes

A multicriterial evaluation of land
suitability for wind energy

development, as exemplified by
Poland’s gmina of Rymanów

[13]

Technical factors • Access to the existing power
grid (medium, high and
extra-high voltage and main
power supply points and at the
same time buffers for existing
power lines

• Proximity to the road network

• Exemptions include:
• Residential development
• Health centres
• Spa and leisure buildings
• Forests
• Railway lines
• Water reservoirs of 1–10 ha
• Streams
• Historical objects
• Natural monuments
• Cemeteries
• Conservation protection zones

archaeological sites
• Protected landscape area

• Topographical maps at a scale of
1:10,000;

• VMAP database
• CORINE Land Cover (CLC) 2006

database
• DEM
• LPIS (Land Parcel Information

Systems) in 1:10,000 sheets
• Map of wind energy potential of

Podkarpackie province (available at
http://www.baza-oze.pl)

• Maps of Natura 2000 areas at a scale
of 1:50,000

• Layer of mining areas and mineral
deposits from the Central Geological
Database

• Maps of flood protection study at a
scale of 1:10,000 Regional Water
Management Board in Krakow

• Map of areas at risk of flooding at a
scale of 1:50,000 National Geological
Institute

GIS-based environmental
assessment of wind energy systems
for spatial planning: A case study

from Western Turkey
[16]

The potential of wind energy
Environmental

• Wind resources
• Noise levels
• Bird habitats
• Safety and aesthetics
• Natural reserves
• Proximity to airports

• Large settlements and urban
centres

• Wildlife protection areas,
nature reserves

• Large settlements and urban
centres

• Areas of ecological value,
water bodies

• Location of airports

• Map of wind potential in Turkey
(General Directorate of Electricity
Resources)

• Note: Turkish legislation allows the
construction of wind turbines in
forest areas, therefore forest areas are
considered acceptable for this study

http://www.baza-oze.pl
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Table A2. Cont.

Author, Publication, Country Categories of Factors Factors Influencing Localisation Factors Excluding Location Spatial Data Used/Notes

GIS-based method for wind farm
location multi-criteria analysis
Prusice municipality in Lower

Silesia, Poland
[14]

Environmental
Social
Spatial

Technical

• Location of nature
conservation areas and their
buffer zones

• Location and distance from
rivers and surface waters,
wetlands

• Location and buffer zones
from forests

• Built-up areas and their buffer
zones

• Functions and land use
• Slopes (gradients)
• Exposure
• Location and distance from

power lines
• Location, technical standards

and distance from roads
• Location, technical standards

and distance from railway
lines

• Location and distance from
telecommunication lines.

• DEM
• maps of the General Directorate for

Environmental Protection
• contour line data in the VMAP level

2 database
• This study did not take into account

the following factors that may be
relevant: minimum area size, which
is specific to each wind farm project,
wind speed, land roughness,
aesthetics of the landscape (can be
analysed using 3D GIS visualisation
capabilities)
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Table A2. Cont.

Author, Publication, Country Categories of Factors Factors Influencing Localisation Factors Excluding Location Spatial Data Used/Notes

Application of the
GIS-DANP-MABAC multi-criteria
model for selecting the location of

wind farms: A case study of
Vojvodina, Serbia

[19]

Environmental
Economic

Social

• Average wind speed
• Land cover/land use (arable

land, permanent crops,
pastures, farmland, forests,
scrub, grassland, areas with
little or no vegetation)

• Distance from urban areas
• Distance from protected areas
• Distance from power lines

(reducing infrastructure
construction costs)

• Slope
• Orientation of slopes

(consistent with the prevailing
wind direction)

• Distance from main road
network

• Distance from
telecommunications
(electromagnetic radiation
generated by the wind farm
and its possible impact on the
transmission of
communication signals)

• Distance from tourist facilities
(adverse impact on tourism)

• Population density (shadow,
noise, safety, visual
disturbance of the landscape
are unfavourable factors
causing public objections)

• Wind atlas for the region
• Corine Land Cover 2006 database

(CLC2006)
• Map of protected areas
• DTKP digital topographic map

1:300,000
• DMT25
• CSO data
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Table A2. Cont.

Author, Publication, Country Categories of Factors Factors Influencing Localisation Factors Excluding Location Spatial Data Used/Notes

A Geospatial Approach for
Prioritizing Wind Farm

Development in Northeast
Nebraska, USA

[20]

• Potential wind energy
• Land use
• Population density
• Distance from main roads
• Slope
• Distance to transmission

power lines
• Excluded areas

• Urban areas
• Wetlands
• Airport areas
• Roads

• Wind potential map
• 2005Nebraska Land use dataset
• U.S Census Bureau
• USGS DEMs, the acronym of U.S.

Geological Survey Digital Elevation
Models;

• 2 TIGER, the acronym of
Topologically Integrated Geographic
Encoding and Referencing.

Factors in determining wind farm
location: Integrating GQM, fuzzy

DEMATEL, and ANP
[21]

Taiwan

Safety and quality
Economy and benefits

Social impressions
Noise and harsh light

Monitoring and ecology

• Distance from buildings
• Geological boreholes (fault

zones, landslides)
• Land costs
• Public perception, visual

impression (visibility)
• Noise
• Visual impact of light during

turbine operation

Wind Energy–assessment of
resources and investment problems

in renewable sources of energy
based on the commune Latowicz,

Polska
[22]

Environmental
Topography

• Exclusion of nature
conservation sites, Natura
2000, parks

• Change of landscape, noise,
shadow flicker (stroboscopic
effect)

• Recommended areas with the
lowest roughness (influences
wind speed distribution, the
higher the roughness the lower
the wind speed with
height)-roughness classes

• Type of ground condition and
structure (avoiding wetlands,
floodplains)

• For the location of power
plants, open spaces, flat and
plain areas with as few
obstacles as possible are
sought, such as single trees,
forests, longitudinal hills and
mountains, towns, tall
buildings.

• Terrain obstacles in the path of
moving air masses cause a
sharp reduction in wind speed
and an increase in turbulence
in the vicinity of the power
plant. The disturbance in
airflow caused by an obstacle
has an extremely negative
impact on the durability and
life span of the structure.

• An attempt to estimate wind
resources

• The legal procedures for obtaining
planning permission are described.
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Table A2. Cont.

Author, Publication, Country Categories of Factors Factors Influencing Localisation Factors Excluding Location Spatial Data Used/Notes

A Decision Support System
methodology for selecting wind
farm installation locations using
AHP and TOPSIS: Case study in
Eastern Macedonia and Thrace

region, Greece
[17]

Qualitative and quantitative
criteria

• Wind speed (estimation of
energy potential)

• Exclusion of areas with steep
slopes

• Height (mountainous areas
excluded due to installation
difficulties)

• Land use (low-use areas
preferred)

• Distance from towns (buffer
zones from towns, villages,
infrastructure such as airports,
motorways)

• Distance from coastline
• Distance from road network

(accessibility of location to
road network as well as buffer
distance from road-lane)

• Distance from the power grid
(location near the transmission
grid)

• Natural and national parks,
other forms of protection
(exclusion of these areas)

• Bird/bat habitats
• Legislation (areas excluded for

legal reasons)
• Cultural heritage (exclusion of

cultural heritage sites,
archaeological monuments,
historical monuments)

• CORINE2000
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Appendix B

Table A3. Research areas selected for analysis. Source: own study.

Group of Research
Areas Area Designation Name of Locality Province Surface Area

[ha]

MultiPolygon
Coordinates

[Layout:
ETRS89/Poland

CS92]

W

W1 Szczecin Zchodniopomorskie 25.15

199,713.41 624,880.71,
200,276.65 624,975.72,
200,545.40 624,610.02,
199,987.33 624,464.72,
199,713.41624,880.71

W2 Poznań Wielkopolskie 25.11

363,911.58 500,395.19,

364,206.12 500,188.69,

363,967.49 499,610.78,

363,597.77 499,749.76,

363,911.58 500,395.19

W3 Łódź Łódzkie 23.18

540,368.50 432,383.94,

540,783.94 432,229.87,

540,640.66 431,745.07,

540,220.28 431,852.20,

540,368.49 432,383.94

P

P1 Kielce Świętokrzyskie 28.64

614,079.63 337,093.91,

614,352.17 336,993.98,

614,352.17 336,993.98,

614,006.94 336,244.47,

613,639.01 336,530.65,

614,079.63 337,093.91

P2 Bielsko-Biała Śląskie 17.99

502,321.85 214,930.52,

502,401.10 214,987.91,

502,401.10 214,987.91,

502,791.89 214,884.06,

502,678.48 214,702.33,

502,500.85 214,494.64,

502,133.29 214,700.97

P3 Olsztyn Warmińsko-
mazurskie 24.62

597,330.20 655,369.99,

597,419.98 655,856.73,

597,934.05 655,893.47,

597,944.61 655,529.66,

597,728.73 655,441.52,

597,330.20 655,369.99
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Table A3. Cont.

Group of Research
Areas Area Designation Name of Locality Province Surface Area

[ha]

MultiPolygon
Coordinates

[Layout:
ETRS89/Poland

CS92]

M

M1 Jędrzejów Świętokrzyskie 21.08

588,855.37 308,268.77,

589,319.31 308,232.86,

589,151.21 307,746.52,

588,702.98 307,897.79,

588,855.36 308,268.77

M2 Grójec Mazowieckie 31.86

629,612.12 446,573.16,

630,063.93 446,512.11,

630,063.93 446,512.11,

630,012.03 445,788.61,

629,621.28 445,788.61,

629,612.12 446,573.16

M3 Andrychów Małopolskie 24.29

523,418.85 222,229.56,

523,814.71 222,131.62,

523,699.23 221,572.84,

523,274.19 221,667.42,

523,418.85 222,229.56

GC

GC1 Rajcza Śląskie 15.91

507,371.31 181,847.72,

507,607.65 182,133.67,

507,891.68 181,700.16,

507,650.27 181,511.11,

507,371.31 181,847.72

GC2 Łączna Świętokrzyskie 20.87

625,654.90 349,111.75,

626,018.43 349,385.84,

626,381.47 349,093.07,

625,996.99 348,812.53,

625,654.90 349,111.75

GC3 Lubasz Wielkopolskie 19.25

333,135.53 556,970.50,

333,404.69 557,359.63,

333,734.27 557,192.20,

333,469.81 556,741.08,

333,135.53 556,970.50
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Table A3. Cont.

Group of Research
Areas Area Designation Name of Locality Province Surface Area

[ha]

MultiPolygon
Coordinates

[Layout:
ETRS89/Poland

CS92]

GZ

GZ1 Rycerka Dolna Śląskie 17.71

504,926.99 179,268.53,

505,310.77 179,339.06,

505,411.52 179,050.98,

505,009.76 178,991.32,

504,926.99 179,268.53

GZ2 Zagórze Świętokrzyskie 22.45

627,338.90 346,855.19,

627,978.25 346,762.66,

627,920.76 346,425.53,

627,253.17 346,527.31,

627,338.90 346,855.19

GZ3 Klempicz Wielkopolskie 19.17

330,707.81 547,657.21,

331,169.98 547,872.51,

331,327.61 547,537.78,

330,876.58 547,310.96,

330,707.81 547,657.21

GR

GR1 Rycerka Górna Śląskie 15.60

504,651.47 178,728.80,

504,876.21 178,793.10,

505,106.70 178,181.24,

504,854.54 178,134.80,

504,651.47 178,728.80

GR2 Występa Świętokrzyskie 23.10

621,803.52 347,638.56,

622,143.94 347,643.18,

622,338.93 347,004.25,

621,969.03 346,988.32,

621,803.52 347,638.56

GR3 Stajkowo Wielkopolskie 21.66

330,502.35 554,134.67,

330,986.20 553,859.90,

330,766.19 553,537.07,

330,274.75 553,830.45,

330,502.35 554,134.67
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Appendix C

Table A4. Research results in research areas from the group of province capitals “W” for data quality elements.

No. Research Factor Area
Databases Adopted for Research Data Quality Element:

1. COMPLETENESS

Reference
(Comparative)

Database

Research Database Descriptive Data (Attributes) Spatial Data

Data Development Level:
-Geodetic Database

-Database + Vector Map
-Complete Vector Map
-Vector Map + Raster

-Hybrid Data (Database + Vector + Raster)
-Raster

Actual Number of Attributes of the Evaluated
Base/Actual Number of Attributes in the Reference

Base (Completeness of the Database Being
Assessed in Relation to the Reference Database)

1. Completeness (Kp) Degree of the Research
Database in Relation to the Reference Database.

2. Redundancy (Np) Degree of the Research Database
in Relation to the Reference Database.

1 Land use

Łódź
EGiB BDOT10k

FORESTS BUILDINGS FARMLAND FORESTS BUILDINGS FARMLAND

0.0 0.60 2.00
0 (Kp)

200 (Np)
47.35

101.13
66.04
3.44Geodetic database Geodetic database

Poznań
EGiB BDOT10k

None 0.6 2.00 None 59.87
75.50

69.10
7.33Geodetic database Geodetic database

Szczecin
EGiB BDOT10k

1.0 0.40 1.0 75.72
0.43

38.34
122.10

72.13
5.31Geodetic database Geodetic database

2 Water network

Łódź
BDOT500 BDOT10k 1.0 (1/1) 11.03

152.55Geodetic database Geodetic database

Poznań
BDOT500 BDOT10k 1.0 (1/1) 5.94

13.16Geodetic database Geodetic database

Szczecin
BDOT500 BDOT10k

None None
Geodetic database Geodetic database
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Table A4. Cont.

No. Research Factor Area
Databases Adopted for Research Data Quality Element:

1. COMPLETENESS

Reference
(Comparative)

Database

Research Database Descriptive Data (Attributes) Spatial Data

Data Development Level:
-Geodetic Database

-Database + Vector Map
-Complete Vector Map
-Vector Map + Raster

-Hybrid Data (Database + Vector + Raster)
-Raster

Actual Number of Attributes of the Evaluated
Base/Actual Number of Attributes in the Reference

Base (Completeness of the Database Being
Assessed in Relation to the Reference Database)

1. Completeness (Kp) Degree of the Research
Database in Relation to the Reference Database.

2. Redundancy (Np) Degree of the Research Database
in Relation to the Reference Database.

3
Land cover

objects
(buildings)

Łódź
EGiB BDOT10k

0.80 79.99
39.76Geodetic database Geodetic database

Poznań
EGiB BDOT10k

1.00 97.33
1.42Geodetic database Geodetic database

Szczecin
EGiB BDOT10k

0.86 87.84
20.62Geodetic database Geodetic database

4 Transportation
network

Łódź
BDOT500 BDOT10k

0.60 (1/0)
none in reference closed areas

50.41
91.50

0.00
0.00Geodetic database Geodetic database

Poznań
BDOT500 BDOT10k

1.0 76.25
10.19Geodetic database Geodetic database

Szczecin
BDOT500 BDOT10k

0.33 25.29
141.37Geodetic database Geodetic database

5 Utility networks

Łódź
GESUT BDOT10k

1.5 4.92
1.39Geodetic database Geodetic database

Poznań
GESUT BDOT10k

0.67 7.95
5.59Geodetic database Geodetic database

Szczecin
GESUT BDOT10k

1.0 4.98
1.17Geodetic database Geodetic database
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Table A5. Research results in research areas from the group of province capitals “P” for data quality elements.

No. Research Factor Area
Databases Adopted for Research Data Quality Element:

1. COMPLETENESS

Reference
(Comparative)

Database

Research Database Descriptive Data (Attributes) Spatial Data

Data Development Level:
-Geodetic Database

-Database + Vector Map
-Complete Vector Map
-Vector Map + Raster

-Hybrid Data (Database + Vector + Raster)
-Raster

Actual Number of Attributes of the Evaluated
Base/Actual Number of Attributes in the Reference

Base (Completeness of the Database Being
Assessed in Relation to the Reference Database)

1. Completeness (Kp) Degree of the Research
Database in Relation to the Reference Database.

2. Redundancy (Np) Degree of the Research Database
in Relation to the Reference Database.

1 Land use

Bielsko-Biała
EGiB BDOT10k

FORESTS BUILDINGS FARMLAND FORESTS BUILDINGS FARMLAND

0.5 1.0 0.33
0 (Kp)

200 (Np)
65.90
61.34

55.10
7.68Geodetic database Geodetic database

Kielce
EGiB BDOT10k

None 1.0 None 0.00
2.00

70.53
54.97

0.00
2.00Geodetic database +

vector base map
Geodetic database

Olsztyn
EGiB BDOT10k

0.50 0.60 1.0 19.36
159.94

59.22
71.56

48.67
23.98Geodetic database Geodetic database

2 Water network

Bielsko-Biała
BDOT500 BDOT10k

0.67 34.68
40.79Geodetic database Geodetic database

Kielce
BDOT500 BDOT10k 0 (0/1) None 0

0Geodetic database Geodetic database

Olsztyn BDOT500 BDOT10k
0.5 72.99

49.12Geodetic database Geodetic database

3
Land cover

objects
(buildings)

Bielsko-Biała
EGiB BDOT10k

1.67 89.86
3.52Geodetic database Geodetic database

Kielce
EGiB BDOT10k

1.43 94.87
0.65Geodetic database Geodetic database

Olsztyn EGiB BDOT10k
0.83 91.88

12.72Geodetic database Geodetic database
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Table A5. Cont.

No. Research Factor Area
Databases Adopted for Research Data Quality Element:

1. COMPLETENESS

Reference
(Comparative)

Database

Research Database Descriptive Data (Attributes) Spatial Data

Data Development Level:
-Geodetic Database

-Database + Vector Map
-Complete Vector Map
-Vector Map + Raster

-Hybrid Data (Database + Vector + Raster)
-Raster

Actual Number of Attributes of the Evaluated
Base/Actual Number of Attributes in the Reference

Base (Completeness of the Database Being
Assessed in Relation to the Reference Database)

1. Completeness (Kp) Degree of the Research
Database in Relation to the Reference Database.

2. Redundancy (Np) Degree of the Research Database
in Relation to the Reference Database.

4 Transportation
network

Bielsko-Biała
BDOT500 BDOT10k

0.67 64.84
58.63Geodetic database Geodetic database

Kielce
BDOT500 BDOT10k

Roads:
0.67

Tracks:
1.00

Roads:
60.38
32.48

Tracks:
4.74
1.02

Geodetic database +
vector base map

Geodetic database

Olsztyn BDOT500 BDOT10k
0.44 1.00 70.23

39.89
6.65

17.34Geodetic database Geodetic database

5 Utility networks

Bielsko-Biała
GESUT BDOT10k

1.0 15.17
4.28Geodetic database Geodetic database

Kielce
GESUT BDOT10k

0.40 4.34
21.73Geodetic database Geodetic database

Olsztyn GESUT BDOT10k
1.0 2.02

3.35Geodetic database Geodetic database
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Table A6. Research results in research areas from the group of towns “M” for data quality elements.

No. Research Factor Area
Databases Adopted for Research Data Quality Element:

1. COMPLETENESS

Reference
(Comparative)

Database

Research Database Descriptive Data (Attributes) Spatial Data

Data Development Level:
-Geodetic Database

-Database + Vector Map
-Complete Vector Map
-Vector Map + Raster

-Hybrid Data (Database + Vector + Raster)
-Raster

Actual Number of Attributes of the Evaluated
Base/Actual Number of Attributes in the Reference

Base (Completeness of the Database Being
Assessed in Relation to the Reference Database)

1. Completeness (Kp) Degree of the Research
Database in Relation to the Reference Database.

2. Redundancy (Np) Degree of the Research Database
in Relation to the Reference Database.

1 Land use

Andrychów
EGiB BDOT10k

FORESTS BUILDINGS FARMLAND FORESTS BUILDINGS FARMLAND

0.5 1.0 1.0 48.15
66.76

72.50
53.40

82.13
0.50Geodetic database Geodetic database

Jędrzejów EGiB BDOT10k 1/0
None in
reference

1.0 0.7 100
0

68.91
55.63

92.62
2.25vector map + raster Geodetic database

Grójec
EGiB BDOT10k

None 0.8 1.0 None 84.52
1.93

67.56
62.25database + vector

map
Geodetic database

2 Water network

Andrychów BDOT500 BDOT10k
0.33

22.45 (Kp)
98.44 (Np)

Geodetic database Geodetic database

Jędrzejów BDOT500 BDOT10k
1.0 46.08

20.04vector map + raster Geodetic database

Grójec BDOT500 BDOT10k
None None

vector map + raster Geodetic database

3
Land cover

objects
(buildings)

Andrychów EGiB BDOT10k
0.50 76.65

34.86Geodetic database Geodetic database

Jędrzejów EGiB BDOT10k
0.71 97.97

2.41vector map + raster Geodetic database

Grójec EGiB BDOT10k
0.63 84.86

3.93complete vector map Geodetic database
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Table A6. Cont.

No. Research Factor Area
Databases Adopted for Research Data Quality Element:

1. COMPLETENESS

Reference
(Comparative)

Database

Research Database Descriptive Data (Attributes) Spatial Data

Data Development Level:
-Geodetic Database

-Database + Vector Map
-Complete Vector Map
-Vector Map + Raster

-Hybrid Data (Database + Vector + Raster)
-Raster

Actual Number of Attributes of the Evaluated
Base/Actual Number of Attributes in the Reference

Base (Completeness of the Database Being
Assessed in Relation to the Reference Database)

1. Completeness (Kp) Degree of the Research
Database in Relation to the Reference Database.

2. Redundancy (Np) Degree of the Research Database
in Relation to the Reference Database.

4 Transportation
network

Andrychów BDOT500 BDOT10k
0.43 43.50

80.47Geodetic database Geodetic database

Jędrzejów BDOT500 BDOT10k
0.33 23.67

10.75vector map + raster Geodetic database

Grójec BDOT500 BDOT10k
0.57 64.42

8.59complete vector map Geodetic database

5 Utility networks

Andrychów GESUT BDOT10k
2.0 0.07

15.50complete vector map Geodetic database

Jędrzejów GESUT BDOT10k
1.0 12.30

3.07vector map + raster Geodetic database

Grójec GESUT BDOT10k
1.0 5.63

5.25complete vector map Geodetic database
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Table A7. Research results in research areas from the group of towns villages located in the centre of the municipality “GC” for data quality elements.

No. Research Factor Area
Databases Adopted for Research Data Quality Element:

1. COMPLETENESS

Reference
(Comparative)

Database

Research Database Descriptive Data (Attributes) Spatial Data

Data Development Level:
-Geodetic Database

-Database + Vector Map
-Complete Vector Map
-Vector Map + Raster

-Hybrid Data (Database + Vector + Raster)
-Raster

Actual Number of Attributes of the Evaluated
Base/Actual Number of Attributes in the Reference

Base (Completeness of the Database Being
Assessed in Relation to the Reference Database)

1. Completeness (Kp) Degree of the Research
Database in Relation to the Reference Database.

2. Redundancy (Np) Degree of the Research Database
in Relation to the Reference Database.

1 Land use

Lubasz
EGiB BDOT10k

FORESTS BUILDINGS FARMLAND FORESTS BUILDINGS FARMLAND

0.5 0.75 0.67 56.46
33.78

72.45
38.78

50.47
10.44Geodetic database Geodetic database

Rajcza EGiB BDOT10k
1.0 0.75 0.50 66.43

3.66
48.41
20.87

68.04
51.94Geodetic database Geodetic database

Łączna EGiB BDOT10k
0.5 1.0 0.67 44.03

4.41
66.36
18.74

64.58
59.63complete vector map Geodetic database

2 Water network

Lubasz
BDOT500 BDOT10k 1/0

None in BDOT500 and raster.
0 (Kp)

152.45 (Np)
database + raster Geodetic database

Rajcza BDOT500 BDOT10k
2.0 3.14

94.37complete vector map Geodetic database

Łączna BDOT500 BDOT10k
1.0 40.16

96.81complete vector map Geodetic database

3
Land cover

objects
(buildings)

Lubasz
EGiB BDOT10k

1.8 94.42
4.35Geodetic database Geodetic database

Rajcza EGiB BDOT10k
1.13 95.71

5.35Geodetic database Geodetic database

Łączna EGiB BDOT10k
1.40 94.08

1.97complete vector map Geodetic database
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Table A7. Cont.

No. Research Factor Area
Databases Adopted for Research Data Quality Element:

1. COMPLETENESS

Reference
(Comparative)

Database

Research Database Descriptive Data (Attributes) Spatial Data

Data Development Level:
-Geodetic Database

-Database + Vector Map
-Complete Vector Map
-Vector Map + Raster

-Hybrid Data (Database + Vector + Raster)
-Raster

Actual Number of Attributes of the Evaluated
Base/Actual Number of Attributes in the Reference

Base (Completeness of the Database Being
Assessed in Relation to the Reference Database)

1. Completeness (Kp) Degree of the Research
Database in Relation to the Reference Database.

2. Redundancy (Np) Degree of the Research Database
in Relation to the Reference Database.

4 Transportation
network

Lubasz
BDOT500 BDOT10k

1.50 69.05
21.38database + raster Geodetic database

Rajcza BDOT500 BDOT10k
0.67 56.36

54.11complete vector map Geodetic database

Łączna BDOT500 BDOT10k
1.0 74.86

26.52complete vector map Geodetic database

5 Utility networks

Lubasz
GESUT BDOT10k

0.67 2.15
73.05database + raster Geodetic database

Rajcza GESUT BDOT10k
0.67 2.49

12.46complete vector map Geodetic database

Łączna GESUT BDOT10k
0.33 4.24

24.47complete vector map Geodetic database
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Table A8. Research results in research areas from the group of towns villages located on the outskirts of the municipality “GZ” for data quality elements.

No. Research Factor Area
Databases Adopted for Research Data Quality Element:

1. COMPLETENESS

Reference
(Comparative)

Database

Research Database Descriptive Data (Attributes) Spatial Data

Data Development Level:
-Geodetic Database

-Database + Vector Map
-Complete Vector Map
-Vector Map + Raster

-Hybrid Data (Database + Vector + Raster)
-Raster

Actual Number of Attributes of the Evaluated
Base/Actual Number of Attributes in the Reference

Base (Completeness of the Database Being
Assessed in Relation to the Reference Database)

1. Completeness (Kp) Degree of the Research
Database in Relation to the Reference Database.

2. Redundancy (Np) Degree of the Research Database
in Relation to the Reference Database.

1 Land use

Klempicz
EGiB BDOT10k

FORESTS BUILDINGS FARMLAND FORESTS BUILDINGS FARMLAND

2.0 0.60 0.33 46.83
13.61

54.91
76.45

71.18
21.08Geodetic database Geodetic database

Rycerka Dolna EGiB BDOT10k 2/0
None in
reference

1.0 1.0 0
0

33.09
2.06

51.97
64.33Geodetic database Geodetic database

Zagórze EGiB BDOT10k (1/0)
None in
reference

1.0 0.67 0
0

87.93
18.35

93.16
9.87complete vector map Geodetic database

2 Water network

Klempicz BDOT500 BDOT10k
1.5

29.66 (Kp)
70.01 (Np)

database + raster Geodetic database

Rycerka Dolna BDOT500 BDOT10k
2.00 18.10

12.04complete vector map Geodetic database

Zagórze BDOT500 BDOT10k (2/0)
None in reference

0
0complete vector map Geodetic database

3
Land cover

objects
(buildings)

Klempicz

EGiB BDOT10k

0.75 92.92
9.15

hybrid data
(database + vector +

raster)
Geodetic database

Rycerka Dolna EGiB BDOT10k
0.29 88.87

12.60Geodetic database Geodetic database

Zagórze EGiB BDOT10k
0.40 97.94

3.94complete vector map Geodetic database
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Table A8. Cont.

No. Research Factor Area
Databases Adopted for Research Data Quality Element:

1. COMPLETENESS

Reference
(Comparative)

Database

Research Database Descriptive Data (Attributes) Spatial Data

Data Development Level:
-Geodetic Database

-Database + Vector Map
-Complete Vector Map
-Vector Map + Raster

-Hybrid Data (Database + Vector + Raster)
-Raster

Actual Number of Attributes of the Evaluated
Base/Actual Number of Attributes in the Reference

Base (Completeness of the Database Being
Assessed in Relation to the Reference Database)

1. Completeness (Kp) Degree of the Research
Database in Relation to the Reference Database.

2. Redundancy (Np) Degree of the Research Database
in Relation to the Reference Database.

4 Transportation
network

Klempicz

BDOT500 BDOT10k

1.0 57.11
15.70

hybrid data
(database + vector +

raster)

Geodetic database

Rycerka Dolna BDOT500 BDOT10k
1.50 68.36

10.26complete vector map Geodetic database

Zagórze BDOT500 BDOT10k
2.00 75.36

2.58complete vector map Geodetic database

5 Utility networks

Lubasz

GESUT BDOT10k

0.50 3.13
15.77

hybrid data
(database + vector +

raster)

Geodetic database

Rajcza GESUT BDOT10k
1.0 7.13

178.22complete vector map Geodetic database

Łączna GESUT BDOT10k
1.5 2.53

17.10complete vector map Geodetic database
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Table A9. Research results in research areas from the group of towns villages located on the outskirts of the municipality, in agricultural areas “GR” for data quality
elements.

No. Research Factor Area
Databases Adopted for Research Data Quality Element:

1. COMPLETENESS

Reference
(Comparative)

Database

Research Database Descriptive Data (Attributes) Spatial Data

Data Development Level:
-Geodetic Database

-Database + Vector Map
-Complete Vector Map
-Vector Map + Raster

-Hybrid Data (Database + Vector + Raster)
-Raster

Actual Number of Attributes of the Evaluated
Base/Actual Number of Attributes in the Reference

Base (Completeness of the Database Being
Assessed in Relation to the Reference Database)

1. Completeness (Kp) Degree of the Research
Database in Relation to the Reference Database.

2. Redundancy (Np) Degree of the Research Database
in Relation to the Reference Database.

1 Land use

Stajkowo
EGiB BDOT10k

FORESTS BUILDINGS FARMLAND FORESTS BUILDINGS FARMLAND

- - 1.00 - -
97.07
0.00Geodetic database Geodetic database

Rycerka Górna EGiB BDOT10k
- - 1.00

- - 93.87
0.00Geodetic database Geodetic database

Występa EGiB BDOT10k
0.5 - 0.67 43.77

2.65
- 93.41

11.98vector map + raster Geodetic database

2 Water network

Stajkowo

BDOT500 BDOT10k
2/0

None in reference
24.17 (Kp)

145.46 (Np)database + vector
map Geodetic database

Rycerka Górna BDOT500 BDOT10k
None None

complete vector map Geodetic database

Występa BDOT500 BDOT10k
None None

complete vector map Geodetic database

3
Land cover

objects
(buildings)

Stajkowo EGiB BDOT10k
None None

Geodetic database Geodetic database

Rycerka Górna EGiB BDOT10k
None None

complete vector map Geodetic database

Występa EGiB BDOT10k
None None

vector map + raster Geodetic database
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Table A9. Cont.

No. Research Factor Area
Databases Adopted for Research Data Quality Element:

1. COMPLETENESS

Reference
(Comparative)

Database

Research Database Descriptive Data (Attributes) Spatial Data

Data Development Level:
-Geodetic Database

-Database + Vector Map
-Complete Vector Map
-Vector Map + Raster

-Hybrid Data (Database + Vector + Raster)
-Raster

Actual Number of Attributes of the Evaluated
Base/Actual Number of Attributes in the Reference

Base (Completeness of the Database Being
Assessed in Relation to the Reference Database)

1. Completeness (Kp) Degree of the Research
Database in Relation to the Reference Database.

2. Redundancy (Np) Degree of the Research Database
in Relation to the Reference Database.

4 Transportation
network

Stajkowo

BDOT500 BDOT10k

None Nonehybrid data
(database + vector +

raster)

Geodetic database

Rycerka Górna BDOT500 BDOT10k 0 (0/1)
None in BDOT10k

0.00
200.00complete vector map Geodetic database

Występa BDOT500 BDOT10k
1.0 24.02

13.89complete vector map Geodetic database

5 Utility networks

Stajkowo

GESUT BDOT10k

None Nonehybrid data
(database + vector +

raster)

Geodetic database

Rajcza GESUT BDOT10k 1.0 (1/1) 0.82
0.04complete vector map Geodetic database

Łączna GESUT BDOT10k
1.0 8.31

3.75complete vector map Geodetic database
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Appendix D

Table A10. Suitability assessment score for BDOT10k and DEM databases in the research areas of the
group of province capitals “W”.

Łódź

Suitability element Weight Coefficient score
value Product

Utilities network Kuzbr 2 0.05 0.10

Transportation network Kdr 2 0.50 1.00

Land cover (buildings) Kbud 2 0.80 1.60

Water network Kw 1 0.11 0.11

Land use Kuyt 3 0.38 1.13

Type of reference data
Rd

3 1.00 3.00

Mean elevation error of DEM
Mwys

3 10.00 30.00

total 16 total 36.94

Suitability coefficient score value U 2.31

Poznań

Suitability element Weight Coefficient score
value Product

Utilities network Kuzbr 2 0.59 1.18

Transportation network Kdr 2 0.86 1.72

Land cover (buildings) Kbud 2 0.99 1.98

Water network Kw 1 0.70 0.70

Land use Kuyt 3 0.79 2.37

Type of reference data
Rd

3 1.00 3.00

Mean elevation error of DEM
Mwys

3 10.00 30.00

total 16 suma 40.95

Suitability coefficient score value U 2.56

Szczecin

Suitability element Weight Coefficient score
value Product

Utilities network Kuzbr 2 0.05 0.10

Transportation network Kdr 2 0.25 0.50

Land cover (buildings) Kbud 2 0.88 1.76

Water network Kw 1 0.00 0.00

Land use Kuyt 3 0.62 1.86

Type of reference data
Rd

3 1.00 3.00

Mean elevation error of DEM
Mwys

3 10.00 30.00

total 16 suma 37.22

Suitability coefficient score value U 2.33
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Table A11. Suitability assessment score for BDOT10k and DEM databases in the research areas from
the group of poviat capitals “P”.

Bielsko-Biała

Suitability Element Weight Coefficient Score
Value Product

Utilities network Kuzbr 2 0.15 0.30

Transportation network Kdr 2 0.65 1.30

Land cover (buildings) Kbud 2 0.90 1.80

Water network Kw 1 0.35 0.35

Land use Kuyt 3 0.54 1.62

Type of reference data
Rd

3 1.00 3.00

Mean elevation error of DEM
Mwys

3 10.00 30.00

total 16 suma 38.37

Suitability coefficient score value U 2.40

Kielce

Suitability element Weight Coefficient score
value Product

Utilities network Kuzbr 2 0.04 0.08

Transportation network Kdr 2 0.60 1.20

Land cover (buildings) Kbud 2 0.95 1.90

Water network Kw 1 0.00 0.00

Land use Kuyt 3 0.24 0.71

Type of reference data
Rd

3 0.86 2.58

Mean elevation error of DEM
Mwys

3 10.00 30.00

total 16 suma 36.47

Suitability coefficient score value U 2.28

Olsztyn

Suitability element Weight Coefficient score
value Product

Utilities network Kuzbr 2 0.02 0.04

Transportation network Kdr 2 0.70 1.40

Land cover (buildings) Kbud 2 0.92 1.84

Water network Kw 1 0.73 0.73

Land use Kuyt 3 0.42 1.27

Type of reference data
Rd

3 1.00 3.00

Mean elevation error of DEM
Mwys

3 10.00 30.00

total 16 suma 38.28

Suitability coefficient score value U 2.39
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Table A12. Suitability assessment score for BDOT10k and DEM databases in the research areas from
the group of towns “M”.

Jędrzejów

Suitability element Weight Coefficient score
value Product

Utilities network Kuzbr 2 0.12 0.24

Transportation network Kdr 2 0.24 0.48

Land cover (buildings) Kbud 2 0.98 1.96

Water network Kw 1 0.46 0.46

Land use Kuyt 3 0.87 2.60

Type of reference data
Rd

3 0.30 0.90

Mean elevation error of DEM
Mwys

3 6.67 20.00

total 16 suma 26.64

Suitability coefficient score value U 1.67

Andrychów

Suitability element Weight Coefficient score
value Product

Utilities network Kuzbr 2 0.16 0.32

Transportation network Kdr 2 0.44 0.88

Land cover (buildings) Kbud 2 0.77 1.54

Water network Kw 1 0.23 0.23

Land use Kuyt 3 0.67 2.02

Type of reference data
Rd

3 0.90 2.70

Mean elevation error of DEM
Mwys

3 6.67 20.00

total 16 suma 27.69

Suitability coefficient score value U 1.73

Grójec

Suitability element Weight Coefficient score
value Product

Utilities network Kuzbr 2 0.06 0.12

Transportation network Kdr 2 0.64 1.28

Land cover (buildings) Kbud 2 0.85 1.70

Water network Kw 1 0.00 0.00

Land use Kuyt 3 0.77 2.30

Type of reference data
Rd

3 0.73 2.19

Mean elevation error of DEM
Mwys

3 6.67 20.00

total 16 suma 27.59

Suitability coefficient score value U 1.72
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Table A13. Suitability assessment score for BDOT10k and DEM databases in the research areas from
the group of villages located in the centre of the municipality “GC”.

Lubasz

Suitability element Weight Coefficient score
value Product

Utilities network Kuzbr 2 0.02 0.04

Transportation network Kdr 2 0.69 1.38

Land cover (buildings) Kbud 2 0.94 1.88

Water network Kw 1 0.29 0.29

Land use Kuyt 3 0.59 1.78

Type of reference data
Rd

3 0.53 1.59

Mean elevation error of DEM
Mwys

3 6.67 20.00

total 16 suma 26.96

Suitability coefficient score value U 1.69

Rajcza

Suitability element Weight Coefficient score
value Product

Utilities network Kuzbr 2 0.02 0.04

Transportation network Kdr 2 0.56 1.12

Land cover (buildings) Kbud 2 0.96 1.92

Water network Kw 1 0.03 0.03

Land use Kuyt 3 0.61 1.82

Type of reference data
Rd

3 0.73 2.19

Mean elevation error of DEM
Mwys

3 10.00 30.00

total 16 suma 37.12

Suitability coefficient score value U 2.32

Łączna

Suitability element Weight Coefficient score
value Product

Utilities network Kuzbr 2 0.04 0.08

Transportation network Kdr 2 0.75 1.50

Land cover (buildings) Kbud 2 0.94 1.88

Water network Kw 1 0.40 0.40

Land use Kuyt 3 0.58 1.75

Type of reference data
Rd

3 0.70 2.10

Mean elevation error of DEM
Mwys

3 6.67 20.00

total 16 suma 27.71

Suitability coefficient score value U 1.73
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Table A14. Suitability assessment score for BDOT10k and DEM databases in the research areas from
the group of villages located on the outskirts of the municipality “GZ”.

Klempicz

Suitability element Weight Coefficient score
value Product

Utilities network Kuzbr 2 0.03 0.06

Transportation network Kdr 2 0.18 0.36

Land cover (buildings) Kbud 2 0.93 1.86

Water network Kw 1 0.30 0.30

Land use Kuyt 3 0.58 1.73

Type of reference data
Rd

3 0.53 1.59

Mean elevation error of DEM
Mwys

3 6.67 20.00

total 16 suma 25.90

Suitability coefficient score value U 1.62

Rycerka Dolna

Suitability element Weight Coefficient score
value Product

Utilities network Kuzbr 2 0.07 0.14

Transportation network Kdr 2 0.68 1.36

Land cover (buildings) Kbud 2 0.89 1.78

Water network Kw 1 0.18 0.18

Land use Kuyt 3 0.43 1.28

Type of reference data
Rd

3 0.73 2.19

Mean elevation error of DEM
Mwys

3 10.00 30.00

total 16 suma 36.93

Suitability coefficient score value U 2.31

Zagórze

Suitability element Weight Coefficient score
value Product

Utilities network Kuzbr 2 0.03 0.06

Transportation network Kdr 2 0.75 1.50

Land cover (buildings) Kbud 2 0.98 1.96

Water network Kw 1 0.00 0.00

Land use Kuyt 3 0.91 2.72

Type of reference data
Rd

3 0.70 2.10

Mean elevation error of DEM
Mwys

3 6.67 20.00

total 16 suma 28.34

Suitability coefficient score value U 1.77
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Table A15. Suitability assessment score for BDOT10k and DEM databases in the research areas from
the group of villages located on the outskirts of the municipality, in agricultural areas “GR”.

Stajkowo

Suitability element Weight Coefficient score
value Product

Utilities network Kuzbr 2 0.00 0.00

Transportation network Kdr 2 0.00 0.00

Land cover (buildings) Kbud 2 0.00 0.00

Water network Kw 1 0.24 0.24

Land use Kuyt 3 0.97 2.91

Type of reference data
Rd

3 0.53 1.59

Mean elevation error of DEM
Mwys

3 6.67 20.00

total 16 suma 24.74

Suitability coefficient score value U 1.55

Rycerka Górna

Suitability element Weight Coefficient score
value Product

Utilities network Kuzbr 2 0.08 0.16

Transportation network Kdr 2 0.00 0.00

Land cover (buildings) Kbud 2 0.00 0.00

Water network Kw 1 0.00 0.00

Land use Kuyt 3 0.94 2.82

Type of reference data
Rd

3 0.73 2.19

Mean elevation error of DEM
Mwys

3 10.00 30.00

total 16 suma 35.17

Suitability coefficient score value U 2.20

Występa

Suitability element Weight Coefficient score
value Product

Utilities network Kuzbr 2 0.08 0.16

Transportation network Kdr 2 0.24 0.48

Land cover (buildings) Kbud 2 0.00 0.00

Water network Kw 1 0.00 0.00

Land use Kuyt 3 0.69 2.06

Type of reference data
Rd

3 0.56 1.68

Mean elevation error of DEM
Mwys

3 6.67 20.00

total 16 suma 24.38

Suitability coefficient score value U 1.52
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1. Tomaszewski, K.; Sekściński, A. Odnawialne Źródła Energii w Polsce—Perspektywa Lokalna i Regionalna. Rynek Energii 2020, 4,

10–19.
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