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The development of the modern world economy is inextricably linked to the growth of energy needs
and, accordingly, to the growth of its production rates. Therefore, the problem of providing energy for
many countries of the world is becoming the number one problem today. This is caused by many
factors: the general increase in world production, the development of transport and
telecommunications, the development of remote mineral deposits, waste disposal, the growth of
energy consumption in everyday life (heating, lighting, powering household appliances), the technical
rearmament of armies, industry, agriculture, etc. Stocks of fossil fuel resources, which are used to
generate energy, are exhaustive and every year they are getting smaller. As a result, there is a problem
of replacing them with alternative sources, through the use of non-traditional and renewable energy
sources (RES). The expediency of using these types of sources is also determined by their advantage
in the environmental issue, by reducing environmental pollution. Therefore, the study of renewable
energy sources in general, and solar energy in particular, is an important scientific and applied task.
The GIS database for the needs of non-conventional and renewable energy sources is filled with data
from various information sources and includes sets of spatial and attributive data, which in turn form
thematic cartographic layers, on the basis of which, in turn, individual maps of non-conventional and
renewable energy sources of various types are compiled functional orientation and cover their various
directions. The work described the location, natural zone, soil cover of the study area, and also
graphically displayed the natural potential of solar energy of Chernihiv district of Chernihiv region by
conducting geospatial analysis and building interpolation.
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Introduction

The rapid growth of the Earth's population, the emergence of new engineering, communication
and production technologies and services cause an increase in energy consumption, despite the
fact that they are becoming more and more energy efficient and economical. Taking into account
the rate of growth of the Earth's human population, we can safely conclude that with a constant
increase in the population of the planet, the quantitative and qualitative characteristics of energy
resources will be increasingly limited and in the near future they will not be enough to meet all
the needs of humanity. Therefore, the problem of depletion of natural resources is becoming more
and more urgent every year. Ukraine consumes more than 60% of imported energy resources in
its total energy balance and is one of the most energy-dependent countries in Europe. The reason
for this lies not only in the lack of energy resources, but also in their inefficient use, which
threatens both national interests and the national security of the country. So, the current problem
facing Ukraine is the energy problem, the solution of which is possible due to the introduction of
renewable (alternative) energy sources.

Method and Theory

Cartographic support for renewable energy has a number of features that are not inherent in traditional
(established) areas of thematic mapping, such as: spatiotemporality of mapping objects as their
ontological essence; stochasticity of certain types of renewable energy resources (RE); the lack of a
significant share of the initial characteristics of mapping objects in field observations and the need for
their calculation using mathematical and mathematical-cartographic methods, as well as GIS analysis
(Sinna, O. I, 2014). The modern development of HIT proceeds through the implementation of complex
algorithms of spatial analysis based on geodata, the development of automated algorithms for
mathematical and cartographic modeling, and the solution of applied analytical problems
(Mishchenko, A., Skrypnyk, L., Ishchenko, N., Novakovska, 1., Koshel, A., 2023). Thus, the main task
of geoinformation modeling for the needs of renewable energy sources is to provide spatially
coordinated information about the resource potential, conditions, factors, state and prospects for the
development of the industry, which is implemented through the development of cartographic works of
various types (individual maps, series of maps, atlases, GIS, web atlases and web GIS), territorial
coverage (from world maps to maps of individual energy objects) and functional purpose (Poti¢ I,
Joksimovi¢ T., Milinci¢ U., Kicovi¢ D., Milincié M., 2021).

The object of research of this work is the territory of Chernihiv district of Chernihiv region. This
territory belongs to the Left Bank Polissia zone, which is characterized by a lowland relief, wide
swampy river valleys, a high level of groundwater, a moderately continental climate with fairly
warm and humid summers and relatively mild, cloudy winters (Plichko, L., Zatserkovnyi, V.,
Khilchevskyi, V., llchenko, A., Nikolaienko, O., 2021). The average temperatures of the coldest
month — January — vary from -4.5-5°C to -7-8°C. The average temperatures of the warmest
month - July - range from +17 to +19°C. The duration of the period with average daily
temperatures above 0°C is 240-260 days. The growing season lasts from the second decade of
April to the third decade of October. The average dates of spring frosts on the soil are May 5-15,
and they occur in the first half of June at the latest. Autumn frosts begin in late September - early
October. The research area is characterized by sufficient moisture. Most precipitation falls in the
warm period of the year (April - October). The maximum amount is in June and July, when there
are heavy rains, and on some days, there are showers.

The soils of Livoberezhny Polissia were formed mainly on non-carbonate sandy and loamy sediments
of light mechanical composition in conditions of significant moisture under mixed forests with a thick
grassy cover. Under such conditions, sod-podzolic soils of different mechanical composition, degrees
of gley and podzolicity, as well as swamp soils, appeared. Gray, light- and dark-gray forest soils are
found on forest-like deposits (Bhatia, S. K., Jagtap, S. S., Bedekar, A. A., Bhatia, R. K., Patel, A. K.,
Pant, D., Banu, J. R., Rao, C. V., Kim, Y.-G., & Yang, Y.-H., 2020).
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Data on the amount of solar radiation were obtained from the NASA SSE (Surface Meteorology and
Solar Energy) system (Fig. 1). Today, this source is widely used among users, because the data
obtained has a global territorial coverage and covers a long period of time.
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Figure 1. NASA SSE system (Source: The NASA Surface Meteorology and Solar Energy Data Set)

The project contains information on the distribution of solar radiation in the atmosphere, taking into
account the state of cloudiness, the albedo of the earth's surface, etc. The resource is publicly
available. The data was loaded in tabular form and imported into an attribute table. The initial solar
radiation data were the values of 70 points covering the entire territory of the Chernihiv district of the
Chernihiv region (Fig. 2).

In order to build a map scheme that will reflect the amount of solar energy falling on the surface, it is
necessary to use the Spatial Analyst tool interpolation method, using the ArcMap 10.5 software.

First of all, the geostatistical method of interpolation - kriging (Fig. 3) will be used. Geostatistical
methods are based on statistical models that include the analysis of autocorrelation relations
(statistical relationships between measured points). As a result, geostatistical methods not only have
the ability to produce a surface of predicted values, but also provide some measure of the reliability or
accuracy of the predicted values.
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Figure 2. Surface distribution of total solar radiation points on a horizontal surface
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Notations: Notations:
L1 The boundaries of the research area L7 The boundaries of the research area
# Distribution of points # Distribution of points
Value of solar radiation, kW/m2 Value of solar radiation, kW/m2
4,12 4,54 5,80 — 6,20 i 0,99-1,82 1 4,10-5.63
4,55-495 f 6,21 -6,62 1,82-2,65 _| 5,63-6,42
= 4,96 5,37 ] 6,63 -7,03 2,66-3,48 = 6,42-7,03
[ 5,38 -5,79 (- 3,48-4,10

Figure 3. The natural potential of solar energy  Figure 4. The natural potential of solar energy
in the territory of Chernihiv district of in the territory of Chernihiv district of
Chernihiv region by the kriging method Chernihiv region using the natural

neighborhood method

Deterministic interpolation methods assign a value to a location based on measured values that
fall in the vicinity of the interpolated point and on given mathematical formulas that determine
the smoothness of the resulting surface. The results of the application of the deterministic method
of interpolation - the natural neighborhood - are shown in fig. 4.

Thus, with the help of spatial analysis, it is possible to reveal the potential of placing renewable
energy sources. Therefore, the resulting maps can be used to make management decisions
regarding the location of renewable energy sources. So, it can be argued that in the northeast of
the Chernihiv district, where the villages of Petrushyn, Chernysh, Sedniv, Klochkiv, Snovyanka
are located, it is advisable to conduct more in-depth research, because this area is characterized
by a high level of solar radiation, so it is possible to place certain solar power plants that will
provide settlements with electricity.

With the help of HIT, it is also possible to research other alternative sources of energy (wind,
hydro resources). Building atlases of the potential of a certain type of alternative source is a
trivial task for a GIS user. It should be noted that for a more reasonable selection of a territory
suitable for the placement of certain equipment, an assessment of pre-selected criteria should be
carried out, which are most often the slope and exposure of the slopes of the earth's surface,
proximity to power lines (power lines), enterprises, settlements, road network, because very
steep slopes are not suitable for installing solar power plants.

Buffer zones must be built around power lines, industrial enterprises and agricultural formations, and
the road network. To analyze these criteria, it is appropriate to use the methods of system and
geosystem analysis of spatial data.
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Conclusions

Based on the results of the research, the place and role of geo-information technologies in the field of
renewable energy applications was determined. For the development of alternative energy in Ukraine,
there are sources, technical and technological developments, training of relevant qualified personnel
in the system of higher education. The matter remains to provide the industry with effective state
support, which will make it possible to attract the necessary energy investments. The GIS database for
the needs of renewable energy resources is filled with data from various information sources and
includes sets of spatial and attributive data that form thematic cartographic layers, on the basis of
which separate renewable energy resources maps of different functional orientations, covering
different areas of renewable energy resources, are compiled.

The work described the location, natural zone, soil cover of the study area, and also graphically displayed
the natural potential of solar energy of Chernihiv district of Chernihiv region by conducting geospatial
analysis and building interpolation. The novelty of the research consists in a comprehensive approach to
the use of special algorithms and analysis of cloud indicators based on a large amount of data.
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