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ABSTRACT. There are a large number of autonomous sources of power supply, which provide electricity to industrial enterprises and regional power regions in the
Arctic zone operating in isolation from the united power system. Their power supply is carried out mainly from autonomous diesel power plants. Load schedule of
remote areas in which there are industrial enterprises will directly depend on the cycles of electrical equipment. However, when using a wild-diesel complex as one of
the sources of power supply, it is necessary to take into account the effect of climate change on the operation of a wind power plant and to predict it, together with the
forecast of energy consumption of an electrical object. The data shown on the wind maps do not allow to determine the location of wind power plants in the Arctic,
because, firstly, they do not take into account all the necessary parameters, secondly, the work should be based on the study of dynamic maps, the data in which are
processed and analysed in real time based on neural networks and machine leaming. The article develops an algorithm for optimising the software package; upon
receipt of data on meteorological conditions, the programme will calculate the electricity generated by the wind power plant. When planning the load schedule of an
enterprise for days or hours in advance, the ratio of electric power output of wind power stations, diesel power stations and accumulation or output of electric power
from batteries will be determined.
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PA3PABOTBAHE HA ANNFTOPUTBM 3A MNPOrHO3WPAHE HA TEHEPUPAHETO HA ENEKTPOEHEPTUA OT BATHPHO-
OU3ENOB KOMMNEKC

Hapusi Bamyesa

CaHkmnemepbypacku MuHeH yHusepcumem, 199106 CaHkm lNemepbype

PE3IOME. Vma ronsiv 6poit aBTOHOMHW U3TOYHWLM Ha erneKTpo3axpaHBaHe, KOUTO OCUTypsiBaT eMEKTPOEHEPrUst Ha MPOMULLNIEHW NPELNPUSTUS W PErvoHanHM
€HepruitH1 paioHM B apKTWyeckaTa 3oHa, paboTely B u3onauws OT obluaTa eHepruiiHa cuctema. 3axpaHBaHeTO MM Ce OCBLUECTBSBA [MAaBHO OT aBTOHOMHM
[M3eNoBN enekTpoLeHTpanu. padvkbT Ha HaTOBapBaHE Ha OTAANEYEHUTE PaiioHu, B KOWTO MMa MPOMMLUNIEHU MPEANPUATUS, LUe 3aBUCK MPSIKO OT LMKINTE Ha
enekTpuyeckoto obopyasaHe. Bbnpeku ToBa, Korato Ce WU3nornaea BATbPHO-OW3EMOB KOMMIEKC KAaTO eAUH OT U3TOYHULMTE Ha enekTpo3axpaHBaHe, e Heobxoaumo
Ja ce B3eMe npeAsuz eekTbT OT M3MEHEHWETO Ha KnumaTa Bbpxy paboTaTa Ha BSTbpHa enekTpoLeHTpana W Aa ce MporHo3mpa, 3aefHo C MporHosaTa 3a
noTpebneHneTo Ha eHeprust Ha enekTpuyecky 0bekT. [laHHUTe, NOKa3aHW Ha BATLPHUTE KAapTK, He NO3BOSIABAT A Ce Onpeaeny MeCTOMOMOXEHNETO Ha BATbPHUTE
LieHTpanu B ApKTUKa, 3aLL0TO, MbPBO, HE OTYMTAT BCUUKWA HeoDXoaumu mapameTpu, BTopo, paboTata TpsibBa [a Ce OCHOBaBa Ha MPOYYBAHETO Ha AWHAMUYHUTE
KapTu, faHHuTe, B KOMTO ce 06paboTeaT 1 aHanuaupaT B peanHo BpeMe Bb3 OCHOBA Ha HEBPOHHW MPEXM U MalLMHHO 0ByyeHue. CtaTusTa pa3paboTea anroputsm
3a ONTMMM3NpaHe Ha COTYEPHIUSI NaKeT; Cnef Nony4aBaHe Ha JaHHU 3a METeOpONorMYHUTE YCHOBMS Nporpamarta Lye U34MCv eNeKTPOeHeprusiTa, reHepupaHa ot
BATbPHATa enekTpoLeHTpana. Mpn nnaHupaHe Ha rpaduka 3a HaTOBapBaHE Ha MPEANPUATMETO 3a [HW UMK YacoBe Hanpen, Lie ce OMpeaen CbOTHOLEHNETO Ha
13X0JHATa MOLLHOCT Ha BSTbPHUTE ENEKTPOLEHTPanu, [W3ernoBUTe eneKkTPOLEHTPanM M HaTPYMBaHETO WNM MpoW3BeAeHaTa enekTpuyecka eHeprus oT
akymynartopwu.

Kniouosu AYMU. BATbPHO-AM3ENIOBM KOMMNNEKCH, HaOeXOHOCT Ha enekTpo3axpaHBaHeTo, I'padJMK Ha HaToBapBaHe, MPOrHo3vpaHe Ha KOHCymMauuATa Ha
efiekpuyecka eHeprus

Introduction Today, the energy supply of the Arctic regions is mostly
isolated, due to the fact that the energy areas are far from each

Today, the development of the Arctic territories of Russia other and the energy complex cannot be used efficiently;
requires reliable sources of electricity, and the region needs because of this the reliability of providing electricity to the
new solutions and technologies, one of which may be wind- consumers is reduced. Energy supply is carried out separately
diesel complexes operating in parallel to cover the peaks of the in each district at the expense of diesel power stations and the
electrical load. fuel for them comes once a year for northern delivery. As a
"Ensuring the country's energy security, including through rule, these are diesel power plants that have low efficiency and
reliable and high-quality power supply in a number of remote ~ high production costs of electricity, which reach to 80-120
regions and regions with low consumer density," is one of the rubles per kilowatt-hour, taking into account the fact that diesel
main targets of state policy reflected in the energy strategy of fuel for them has to be delivered once a year during winter
Russia until 2035. About 70% of the territories of the Russian delivery. At the same time, if we take the average price of
Federation are decentralised power supply zones and non- electricity in the zone of centralised power supply in the
electrified zones. country, it will be 3-4 rubles per kWh for the end user. Wind

turbine complexes will significantly reduce the cost of electricity

69



Journal of Mining and Geological Sciences, Volume 62, Number 3, 2019

(due to the fuel component), ensure a payback period of the
project of 3-5 years, and achieve a reduction in emissions of
pollutants and COx.

The development of the Arctic territories of Russia requires
reliable sources of electricity, and in connection with the
geographical features of the region, new solutions and
technologies are needed.

It is necessary to plan not only the modernisation and
expansion of the existing electric grid complex, but also to use
distributed generation, including renewable energy sources, to
increase the efficiency of the energy complex.

For settlements that do not have industrial enterprises, the
curve of electrical load is largely determined by the pumps of
the village heating system - boiler plants operating on wood,
fuel oil or coal. This determines the significant seasonal
uneven energy consumption of such settlements. The
deviation of real energy consumption from the curve of the
day's workload is from 11 to 56%, with the maximum deviation
occurring in the summer months. This is because there are
consistently low air temperatures in winter and the average
temperature changes significantly every month in the spring,
summer and autumn periods, which entails a shift in the load
curve. As a result, the deviation of real loads from the energy
balances used in calculations for the summer regime day can
be 40-50%.

As for remote areas in which there are industrial
enterprises, the load schedule will directly depend on the
electrical equipment operation cycles. However, when using a
wind-diesel complex as a power source, the question of the
impact of climate change on the operation of wind turbines
remains, which also needs to be predicted in the system
together with the energy consumption forecast of an electrical
object.

Baseline Territory Data

The parameters that must be considered during the
construction of a wind farm on the territory of the Arctic
practically do not differ from the parameters for the territories in
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the middle lane. However, it is necessary to pay special
attention to some of them, due to extreme and unstable
weather conditions. Below is a complete list of parameters that
are important when choosing a place:

1. Average wind speed.

2. Wind direction

3. Minimum wind speed.

4, Maximum wind speed.

5. Power density.

6. Average temperature.

7. Average humidity.

8. Average pressure.

9. Altitude above sea level.

10. Distance to water.

11. Height difference.

12. Smooth height differences.

13. The maximum difference in the area of 5-10 km.
14. Percentage of trees or plants in the area (roughness).
15. Distance to the settlement.

16. The distance of the pre-industrial facility.

17. The average number of inhabitants in the area.
18. Distance to the road (sea, air).

19. Distance to the electricity network.

20. Protected areas: reserves, efc.

Operation mode of the wind turbine and diesel
generator

Characteristic of system

The wind-diesel complex should incorporate an automatic
system that will take into account external climatic changes
(this work takes into account only the change in wind speed)
and change the operating modes of the diesel generator and
wind turbines. The change in power of wind and diesel
generator sets depending on the change in wind speed is
shown in Figure 1.

Turn on energy storage systems

100% diesel fuel replacement

Uo

Fig. 1. Operation mode of the wind turbine and diesel generator
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Algorithm for choosing the mode of operation

The procedure is described in the form of an algorithm, on
the basis of which the automatic system will make a decision
on the choice of the operating mode of a wind-diesel complex
under changing climatic conditions. The algorithm is based on
the presence of a wind turbine, a diesel generator set and a

battery in the system, wind speed readings. After selecting the
mode of operation of the power supply sources for the object of
research, the production and consumption of electricity as well
as how much energy is accumulated in the battery are
calculated. The algorithm is shown in Figure 2.
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Fig. 2. Algorithm for choosing the mode of operation of wind turbines and diesel generator
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Neural network prediction

The next step in the study will be to create a model based
on neural networks. The databases of statistical data from the
points indicated in the chapter earlier will be used to forecast
the generation by the wind-diesel complex. A simplified
structure of the model is presented in Figure 3.
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Fig. 3. Model of neural network prediction

It should be noted that the more factors will be taken into
account, the more accurately it will be possible to form a
forecast of electricity generation. Knowing the projected graphs
of loads of objects that are supplied from the wind-diesel
complex, it will be possible to determine with high precision the
operating modes of the wind-diesel complex and batteries for
energy storage.

Conclusion

The article describes the main problems of areas with
decentralised power supply, including dependence on the
supply of expensive fuel and high specific fuel consumption at
diesel power plants, as well as the deviation of real energy
consumption from the load schedules of the day.

A description of the algorithms that will allow to predict and
automatically select the operating modes of wind-diesel
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complexes to cover the peaks of the electrical load is
presented.

The necessary information is indicated, on the basis of
which it is possible to analyse and identify the dependence of
electricity consumption on climate change and predict the
operating modes of the wind-diesel complexes to cover the
peaks of the electrical load.
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