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DATA ANALYSIS IN SYSTEMS WITH ALTERNATIVE ENERGY SOURCES

Abstract. The development of information, network and microprocessor technologies
has formed the necessary conditions in the creation of local energy-efficient systems with
electric energy generation and consumption in local energy system where the optimal ratio
between electricity supply and electricity consumption is achieved. Power supply in such
systems is provided by alternative energy sources, which include, in particular, solar batteries
and wind power plants. The optimal functioning of the local energy system is based on the
maximum coincidence of the profiles of generation and consumption of electric energy in the
system. The alternative energy sources generation profile is characterized by a direct
dependence on the weather conditions of the location where the described energy sources are
located. Thus, the generating power of a solar battery depends on the illumination and
temperature of the solar panel. These parameters, in turn, are affected by environmental factors
such as cloud cover, air temperature, humidity and wind speed. In addition to the factors
mentioned above, wind direction and atmospheric pressure affect the power of the wind turbine.
In order to predict the required generation profile and match it with the consumer profile, it is
necessary to identify the relationship between the data obtained both from the environmental
parameters monitoring unit, which is an element of the local energy system and from the
meteorological data provided by the relevant meteorological service.
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AHAJII3 IAHUX B CUICTEMAX 3 AJJIbTEPHATUBHUMMU JIKEPEJIAMM EHEPTTI

Anomauia. Pozeumox ingpopmayitinux, mepesxicesux ma MikponpoyecopHux mexHouo-
eill chopmysas HeoOXiOHI yMoGU Ol CMBOPEHHS eHepeoeheKMUBHUX JOKATbHUX CUCTEM
2enepayii ma CNONCUBAHHA eNeKMPUUHOI eHep2ii NOKANbHUX eHepeeMUYHUX CUCMEM, 8 AKUX
00CA2a€MbCsl ONMUMATILHE CRIBGIOHOULEHHSL MINC eIeKMPONOCMAYaHHAM Ma eleKmpOoCnO#CU-
sanHam. Enexmponocmavauns 6 makux cucmemax 3a0e3nedyemuvcCs albmMepHaAmueHUMU
Ooicepenamu 2enepayii enekmpudHoi enepeii, 00 AKUX BIOHOCAMbCL, 30KpeMa, COHAUHI bamapei
ma eimpoenepeemuyni ycmanosku. Onmumanvre QyHKYIOHYBAHHS TOKANbHUX eHepeemMUYHUX
cucmem IPYHMYEMbC HA MAKCUMAILHOMY CNi8NAOIHHI Npo@inie 2enepayii ma Cno*CUBAHHS.
enekmpuunoi enepeii 6 cucmemi. Ilpogins eenepayii nomyscHocmeti arbmepHamusHux 0dxcepei
eneKmpoeHepeii Xxapakmepuzyemucs NPAMOI 3ANeHCHICMIO 810 NO20OHUX YMO8 MICYe80CHi, 8
AKUX posmawiosani Odcepena enepeii. Tak, eemepyroua nomysjicHicmv couAYHOI b6amapei
3anedxcums 8i0 0C8IMAeHOCMI ma memnepamypu naueni couaunoi b6amapei. Ha 3a3naueni
napamempu, 6 c60l uepey, BNIUBAIOMb MAKi YUHHUKU OMOUYIOU020 Cepeoosuyd, K
XMapuicmos, memnepamypa nogimps, 6oao2icmv ma weuokicms eimpy. Ha nomyoscnicmo
8IMpOceHepyIou0i YCMAaHoBKU BNAUBAIOMYb, KPIM Gulye O3HAYEeHUX ¢hakxmopie, marKoic
HanpsaMoK 6impy ma eeiuyuHa ammocghepnoco mucky. [[ns mozo, wjob cnpocHozysamu
HeoOXIOHULl 2eHepyroyull npogins i nocmagumu tiomy y 8i0N08IOHICIb CROXCUBYULL NPOPiTDy,
He0OXiOHO BUABUMU CNIBBIOHOUIEHHS MIdNC OAHUMU, WO OMPUMYIOMbCS 3 OI0KY MOHIMOPUHSY
napamempis HABKONUWHLO20 Cepedosuwd, AKUL € eNeMEeHMOM JOKANbHUX eHepeemuyHUxX
cucmem ma MemeooanuMu, Ki 3a0e3neyyroms 8i0N08i0HI MemeopoN02iuHi CAYHCOU.

Knrouoegi cnosa: noxkanvHa enekmpuyna cucmema, anbmepHamueHi oxcepena enepeii;
napamempu HA8KOIUUHbO20 CepedosUuwa; epapiKu ceHepamopa ma CRONCUBAUA,; 38 A30K MidC
Memeopono2iuHUMU OAHUMU.
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Introduction. Alternative sources of electricity are characterized by a pronounced
dependence on environmental conditions (meteorological conditions) in the spatial location in
which they are located. Yes, the power of the solar battery directly depends on the illumination
and temperature of the solar panel. lllumination is a meteorological characteristic that is
described by the cloudiness coefficient. The higher the cloud cover, the lower the illumination
of the solar panel with a corresponding decrease in the electric power generated by the solar
battery (Fig. 1a). In addition, the heating of the solar panel also leads to a decrease in generating
power (Fig. 1b). The temperature of the solar panel is directly affected by the level of
illumination, the temperature and humidity of the surrounding air, the presence or absence of
wind. In the case of a wind generator, its generating power depends on the wind speed and
atmospheric pressure.
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Figure 1. Influence of illumination a) and temperature b) on the generation capacity
of the photocell

Problem announcement. The main task of the optimal functioning of the energy
system with alternative energy sources is to find consistency between the electricity generated
by these sources and its consumption. To do this, they draw up the desired schedule of
electricity consumption, which shows the time intervals during which this or that electrical
device is turned on. Knowing the consumer power of each device, it is possible to turn it on for
the period of time when there is sufficient electrical power generated by the photo battery
(Fig. 2). and a wind generator.

Therefore, there is an urgent need to form a schedule of generating capacity based on
the weather forecast provided by the meteorological service. In order to build such a schedule,
it is necessary to establish a relationship between the meteorological data provided by the
meteorological service and the data obtained from the sensors of the environment monitoring
module located in the same spatial location where the alternative energy sources are located.

Results of the research. The data received from the sensors and the meteorological
service are transmitted to the site, where with the help of the operator ¢ they are formed in the
form of events (A°, B, C°, ...), changes in events (A, B, C, ...), changes in changes in events
(A?, B?, C?, ...). Using the operator ¢, events and changes are placed in phase space with the
corresponding phase coordinates X and Y. Using universal and existential quantifiers, relational
predicates of phase coordinates are formulated that describe the relationship between these
coordinates in phase space (Fig. 3).
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Figure 2. Plots of generating and consuming power
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Figure 3. Schematic diagram of the software product
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On the basis of the received predicates, either clustering of phase coordinates is
performed, or association rules of these coordinates are formed, or a decision tree is built,
depending on the further form of representation of the relationships between these coordinates.

Clustering consists in dividing a given set of event samples into clusters, so that each
cluster consists of events characterized by the similarity of the active factors that reveal these
events. Events located in different clusters are significantly different from each other.
Clustering is also called data segmentation because large groups of data are divided by
similarity. Clustering of the data obtained from the monitoring unit of environmental
parameters and the weather service is used to identify certain relationships and trends in the set
of presented data (Fig. 4a).
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Figure 4. Finding data correlation using a) clustering and
b) formulation of associative rules

In addition to clustering, the method of formulating associative rules is also used to find
the relationship between data, which reveal relationships between variables or attributes of
events that are described by the corresponding data arrays (Fig. 4b).

Conclusions. In this way, the necessary ratios are obtained, which make it possible,
based on the weather forecast provided by the meteorological service, to perform a prognostic
assessment of environmental parameters in the spatial location where alternative energy sources
are located. This prognostic assessment, in turn, makes it possible to form a schedule for the
generation of electric energy, which will be produced by a solar battery and a wind turbine.
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