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Abstract: The aim of the study was to develop a nationally universal method for estimating the solar
resources and to assess, at the municipality scale, the suitability for photovoltaic development based
on the implementation of GIS&T (Geographic Information Science and Technology), multi-criteria
analyses, and spatial data gathered from the National Geodetic and Cartographic Resources. The
developed method is based on the use of digital topographic data and data gathered by means of
modern remote sensing methods as a point cloud from airborne laser scanning. Based on studies in
the literature, the formal and legal conditions applicable in Poland were discussed. The sets of
constraints and factor criteria have been created as a base for evaluating the suitability of a chosen
municipality for photovoltaic farms’” emplacement. Weight calculations in a multi-criteria method —
an AHP method (analytic hierarchy process)—were applied. In the multi-criteria analysis, 27
constraints and 13 factors were included. Undoubtedly, a utilitarian feature of the developed
method is the calculation models allowing full automation of the process of spatial assessment of
municipality territories for photovoltaic farms” development. Furthermore, calculation models can
be easily adapted to some specific conditions that occur in the analyzed municipality territories. The
results obtained confirm the significant usefulness of the implemented approach in the context of
the spatial suitability assessment of photovoltaic development at the municipality scale.

Keywords: geographic information system and technology GIS&T; multi-criteria analysis;
photovoltaics; airborne laser scanning

1. Introduction

In recent years, in Poland, a systematic increase in the investments of installations based on the
use of solar energy has been observed [1]. However, the usefulness of the country’s areas in this sector
is insufficiently recognized. Studies in the literature have the possibility of applying the conditions
prevailing in Poland.

The main goal of this work was to develop a universal method for the spatial assessment of areas
of the selected commune that is useful for photovoltaic technologies with a minimum capacity of 1
MW. As shown in previous studies [2-5], the location of these types of objects in a space (regardless
of the geographical region of the world) requires consideration of many criteria with different
characters. Within the scope of this work, a set of exclusion criteria (constraints) and a set of criteria
of a soft nature (factors, parameters) were developed. The soft criteria were weighted using the
chosen method of multi-criteria decision support—AHP (analytic hierarchy process) [6].
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2. Study Area

Two areas located in municipalities in the Podlaskie Voivodship (northeastern Poland) were
selected. They occupy a total area of 51,183 ha and constitute rural areas with a share of agricultural
land (over 50% of the total area). There was no actual documentation related to spatial planning in
the context of renewable energy resources’ development. One of the analyzed areas is presented in
Figure 1.
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Figure 1. Location of the study area of Podlaskie province (northeastern Poland).

3. Materials and Methods

The research used GIS (Geographic Information Science), technology and spatial data collected
using modern remote sensing technologies, including aerial laser scanning. As a result,
computational models were developed to ease the process of determining areas unsuitable for the
photovoltaic plants in the scale of the rural borough. Then, a spatial assessment in the scope of
determining the suitability class for PV (photovoltaic) systems was done.

In the spatial assessment of the areas of the studied province, data collected in the Polish
Geodetic and Cartographic Resources were widely used. The applied raster data included products
derived from the processing of data from aerial laser scanning in the form of DTM (digital terrain
model) and DSM (digital surface model) models, as well as a digital aerial orthophoto map.
Moreover, a vector database of topographic objects, a flood hazard map, a map of soil conditions and
land cover, and cadastral data were used.

We considered two basic categories of criteria: constraints and soft criteria (factors, parameters).
In total, 27 types of constraints were taken into account. Subsequently, the pre-usable areas were
divided in a segmentation process for their suitability for a 1-MW photovoltaic power plant using ten
parameters focused on four basic groups: infrastructure, climate area, environmental-spatial, and
social.

4. Results

As a result of the implementation of the set of constraints, we selected the area of the studied
communes that can be found as pre-relevant for the installation of photovoltaic power plants with a
minimum capacity of 1 MW (Figure 2).



Proceedings 2019, 16, 54; 3of4

LEGEND
D Study area

pre-relevant areas

25 0 25 3 7.5 km

Figure 2. Spatial distribution of pre-relevant areas in the study area.

These areas constitute over 75% of the whole area of the analyzed communes. Among the
excluded areas, the largest share was connected with the application of environmental criteria,
including, among others, protected areas, covered by flood risk, or insufficient soil capacity. The
selected areas have been divided into five suitability classes for photovoltaic plants’ development.
As a result of the detailed analysis, six variants of suitability maps were developed in the studied
area. It is worth mentioning that in the applied sets of soft criteria, both the quantitative and spatial
distribution of elementary cells representing particular classes of suitability were directly
determined. The results obtained indicate that for all evaluation criteria used, the areas representing
the first highest suitability class occupy only 2 to 13% of the studied area.

5. Conclusions

The conducted analysis allowed the areas with the best conditions for use as PV farms to be
specified. It is also worth pointing out that the results are highly dependent on the weight functions
taken for classes of usefulness. Research has shown that the adoption of different positions in the
statistical weight process involves large changes in the spatial and quantitative dimensions of the
distribution of suitability classes. Therefore, it is recommended that statistical weights should be
established in the group of the widest possible body of experts in this field, taking into account the
specific local conditions and national recommendations. However, developed computational models
provide versatile and flexible tools and demonstrate a high application value for the planning of solar
investments in Polish municipalities.
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