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€JIEKTPUYHUX CTaHILiN

2. Providing the declared schedules of generation of renewable energy sources based on the concept of virtual
power plants

Pedepar:

1. Incepraist Ha 3000YTTSI HAYKOBOT'O CTYIIEHS KaHIWATa TEXHIUHMX HayK 3a crneujanbHicTio 05.14.02 - enexTpuyHi
cTaHLii, Mepexi i cuctemu. — HallioHasbHAN TEXHIYHUI YHIBEPCUTET «XapKiBCbKUM MOJITEXHIYHUN IHCTUTYT?,
XapkiB, 2019. luceprauiitHa po60Ta IIPUCBIYeHa PO3BSI3aHHIO aKTyabHOI HAyKOBO-TIPUKJIAIHOI 3a/1a4i Y HAlIPSIMKY
3abe3nedyeHHs 3asBJIeHNX rpadikiB reHepaii eJIeKTpUYHUX CTAHIIi HA BiTHOB/IIOBAHMX JIKepeJiax eHeprii Ha OCHOBI
KOHLIeMN1lii BipTyaJIbHUX eJIeKTPUYHUX CTaHLIiil. Y gucepTalifiHiil po6oTi NOCiIP)KEHO METOM 3a0e3I1eYeHHs
3asBJIeHUX IrpadikiB reHepallii eJIeKTpUYHUX cTaHLii Ha BIIE Ta 06rpyHTOBaHa NOLi/IBbHICTh BUKOPUCTAHHS
KOHLEMii BIpTyaJIbHUX €JIEKTPUYHUX CTAHLIiN [J1s1 BUPIIIEHHS [IOCTAaBJIEHO]I 3a1ad4i. JIoCIiIKeHo 3aCTOCYyBaHHS

Pi3HUX TUIIIB CUCTEM aKyMYJIALi, K OJHOTO 3 €JIEMEHTIB BipTyaJIbHOI €JIeKTPUYHOi cTaH1ii. [I[poBeneHo aHani3



iCHYI0UMX METOIiB BIIPOBA/IKEHHSI iHTEJIEKTyaIbHUX MEPEXK, 10 J03BOJIMIIO BUOpaTy mabsioH Smart Grid
Architecture Model 3a ocHOBY J1s1 cTBOpeHHS Heo6XifnHoi indppacTpykrypu. [IpoBeeHo aHami3 iCHYIOUNX METOiB
BM3HAUEHHSI ONITUMAJIbHOI EMHOCTI CUCTEM aKyMyJIsLii Ta iXx KOMIIOHOBKU. PO3p06sIeHO KOMIT'IOTEPHY MOJI€JIb [1J1s]
IOOCJiIKEHHS pOOOTH BipTyaslbHUX €JIEKTPUYHUX CTAHLM, 0 AO3BOJIsIE OLIHUTY OTEHLiIHI HebaslaHCU TPU
reHepatlii, nepeBipuTH JOCTATHICTb OOCATY CUCTEM aKyMYyJISILII 17151 Pi3HMX 3a7ja4, @ TAKOXK TPOBECTU allpo06aLlilo
POOOTH CUCTEMU YIIPaBJliHHA. YTOUYHEHO METOIMKY PO3PaxyHKy BAapTOCTi €JIeKTPUYHOI eHeprii Bif cucteM
aKyMYJIIOBAHHS 3 ypaxyBaHHSIM BapTOCTi BTpaT eHeprii npu nepezauyi ta TpaHcdopmMaliii, a Takox J0aTKOBUX
(aKTOPiB NOB'SI3aHUX 3 OPEHJIOI0 Ta 0OCIIYrOBYBaHHSIM. PO3p006JI€HO, peani3oBaHo Ta allpoOOBAHO aJITOPUTM
VIPAaBJIiHHS BipTYaJIbHOIO €JIEKTPUYHOIO CTaHIi€l0, 110 6a3yeThCs Ha 3aisTHHI HAMOIIbII IeeBOro IKepesia eHeprii
17151 6aJlaHCYBaHHS 3 ypaxXyBaHHSIM OOMEXEHb €JIEKTPUYHUX MEPEXK, IOCTYITy O EHEPreTUYHOrO PUHKY Ta
MOSKJIMBOCTI 3a7Ty4€HHS aKTUBHUX CIIOKMBauiB. [TokazaHa MOKJIMBICTb 3a0€3M1€4eHHS 3asiBJeHUX rpadikiB reHepatlii
€JIEKTPUYHUX CTAHLiM HA OCHOBI KOHUEMILi] BIpTyaJIbHUX €JIEKTPUYHMX CTAHILIM Ha IIPUKJIA] YMOB OLHOTIO 3
aJIMiHICTpaTUBHUX LEHTPiB YKpaiHu. Ki04oBi cy10Ba: BifHOBIIOBAHI JyKepeJa eHeprii, CMCTEeMHU aKyMYJISL|i,
BipTyaJIbHi €JIEKTPUYHI CTaHLii, 3a7a4i ONTUMi3allii, aJIrOPUTMU YIIPABJIiHHS, BAPTICTb €JIEKTPUYHOI €HEPTi],
MaTeMaTU4He MOJIEJIIOBAHHS, iIHTeJIeKTyaslbHi MePexXi.

2. Dissertation for the degree of candidate of technical sciences in specialty 05.14.02 - power plants, networks and
systems. - National Technical University "Kharkiv Polytechnic Institute", Kharkiv, 2019. The thesis is devoted to the
solution of the current scientific and applied problem in the field of providing the declared schedules of generating
power plants with renewable energy sources based on the concept of virtual power plants. In the dissertation
work, the methods of providing the declared schedules of generating power plants on renewable energy sources
are investigated. The expediency of using the concept of virtual power plants to solve the problem is justified. The
use of various types of accumulation systems as one of the elements of a virtual power plant is investigated. The
analysis of existing methods and state-of-the-art-practices of implementing intelligent networks was carried out,
which made it possible to select the Smart Grid Architecture Model pattern as the basis for creating the necessary
infrastructure. The analysis of existing methods for determining the optimal capacity of accumulation systems and
their layout has been carried out that was used to calculate minimal capacity for providing the declared schedules
of generation of PV and wind power plant each 1 MW for one of the administrative centers of Ukraine. The
developed computer model for studying the operation of virtual power plants that include PV and wind power with
energy storage and connections to PLC allows assessing potential unbalances during generation, checking the
sufficiency of the capacity of accumulation systems for various tasks, as well as testing the operation of the control
system. The methodology for calculating the cost of electrical energy from storage systems has been refined,
taking into account the cost of energy losses during transmission and transformation, as well as additional factors
associated with renting and servicing. An algorithm for managing a virtual power plant was developed,
implemented and tested with real PLC connected to mathematical model, based on using the cheapest energy
source for balancing taking into account the limitations of electrical networks, power lines and transforming
equipment, access to the energy market for buying and selling energy and the ability to attract active consumers.
The possibility of providing the declared schedules of generation of power plants based on the concept of virtual
power plants on the example of conditions of one of the administrative centers of Ukraine is shown. Keywords:
renewable energy sources, accumulation systems, energy storage systems, virtual power plants, optimization
problems, control algorithms, cost of electrical energy, mathematical modeling, smart grid.
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