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Pedepar:

1. Inceprarnis Ha 3000YTTs NOABIHOrO CTyIEeHs JOKTOpa (Pinocodii 3a crenianpHicTIO 141 - «En€KTpOeHepreTHkKa,
€JIEKTPOTEXHIKa Ta eJIEKTPOMeXaHiKka», Kadelpa eJeKTPOTEXHIKU Ta iHpopMaLiliHO-BUMIPIOBAJIbHUX TEXHOJIOTIH,
YepHiriBCbKUM MOJITEXHIYHNN HAl[iOHAJIbHUAY YHIBEPCUTET, MiHICTEPCTBO OCBITH i HAyKU YKPAiHU; Ta 32 HAIIPSIMOM
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Ta aBTOMAaTM3aLiNHOI iHXeHepil, bagaxoc, Icnanisa. CioKuBaHHS €JIEKTPUYHOL €Hepril 3pocTae 3HaYHO WBULIE, HIK
IIPOTHO30BaHE 3POCTaHHS ii reHepalii. Xo4a BCTaHOBJI€HA OTY>KHICTh BiIHOBJIIOBAHUX JIPKEPEJI €HEPTii TaKOX
3pocCTae, IEPEBAaHTAKEHHSI €JIEKTPOMEPEXK 3aTUIIAE€TCSI HEMUHYYUM 6€3 BIPOBAJI)KEHHS iHTeJIEKTyaJlbHUX CUCTEM

KEPYBaHHS €HEPTi€l0 Ta THYYKUX CTPYKTYP CUJIOBOI €JIEKTPOHIKY. TOMY 3pOCTaHHSI CIIO>KUBAHHSI €JIEKTPOEHEePrii Ta



[IepeBaHTA)KEHHSI MepesXi IPU3BOAUTH 40 HEOOXiNHOCTI aBTOHOMHMX SKUTJIOBUX OyfiBesib. 3i 36ibeHHIM
KiJIBKOCTI JIOKaJIbHUX JpKepeJ reHepallii (mepeBakHo GOTOeJIEKTPUYHUX) Ta BUKOPUCTAHHSIM CUCTEM 30epiraHHs
eHeprii y 6aratbox 0y[iBJsIX PO3BMBA€ETHCS HANIPSIM 10 Oy[iBeJIb 3 HYJIbOBUMU BUKUTAMU (ZEB) Ta BUKOpUCTaHHS
nocriiHoro ctpymy (DC) nopsg, i3 cucremamu 3miHHOTO cTpyMy (AC). 3 11i€10 METOIO B OCTaHHI POKHU
3aIpONIOHOBAHO HOBY TE€XHOJIOTIIO — eHepreTndHuii mapumpytusatop (ER) i3 mopramu 3MiHHOTO Ta NOCTiHOTO
cTpymy. JJOCIigHUKY BXe 3alpOIIOHYBaJX Pi3Hi TONOIOTII Ta cTparerii kepyBaHH4 ER, oHaK 3a1MmamTbCs
IOCJiIHULIBKI IPOTaJIMHU Ta BUKJIMKHY, SIKi IOTPEOYIOTh BUpilleHHs. [InTaHHs 6e3MeKH, 3aXUCTy Ta peaklii cucTeMu
KEPYBaHHS B IMHAMIYHMX YMOBAX € Cepel, OCHOBHUX MPo6jeM. Y epIoOMy PO37isi IPEICTaBIE€HO 3arajlbHAN OIS,
CUJIOBUX €JIEKTPOHHUX pimeHs a1 ZEB. JlocnigKyeTbCs IepcrieKTUBHE MalOyTHE iHIyCTPil HU3bKOBOJIbTHUX
CHCTEM TIOCTiNHOrO cTpyMy B ZEB, nopiBHIoI0ThCA pi3Hi KOHQirypauii ER Ta cuenapii nifkioyeHHs 10 Mepexi,
OLIiHIOETBCS X 3arajsibHa €(PEKTUBHICTD Y riopuaHux, DC ta AC TexHosorisax. Ipyruil po3iia NpucBsiYeHUN iHTerpariii
CHCTEM TOCTITHOTO CTPyMy Ta MOB$I3aHUM i3 MM BUKIMKaM. DC-MmikpoMepeski pa3oMm i3 HassBHUMU AC-MepeskaMu
€ MalOyTHIM TPEHJIOM CUCTeM po3Iofiny eHeprii. IIpote Hapasi 6pakye crannapTis AJ1s iHTerpanii DC-cuctem B
AC-mepexy, a NUTaHHS 6€3IeKU 3a/IUIIAI0ThCS aKTyaJlbHMMU. BaraTo MoB’si3aHuX MUMTaHb 10Ci HE BU3HAYEHO,
30KpeMa BUMOTHU [0 i307auii Mixk AC-MepekaMy Ta HOBUMM MIKpOMepeKaMH, a TaKOXK MiIXOOU 0 3a3€MJIeHHS. Y
LIbOMY PO37iJii pO3rsAaloThCs Pi3Hi pilleHHs iHTerpariii, JOCiIKyI0TbCSI CTPYMU BUTOKY Ta TUINH i KOHQIryparii
3azeMiieHHd Ha cTopoHax AC ta DC. TakoK HaBeIeHO OIJISA]l MOKJIMBHUX MiIXOiB O 3a3€MJIEHHS Y TOYKAX
3'€IHAHHS Ta PO3IJISIHYTO JOLI/IBbHICTh YHUKHEHHS i30s1ii Mk AC-Mmepexero Ta DC-cuctemamu. Jami
IIPOIOHYIOTHCS pillleHHs 17151 TPO6JIeM, MOB'SI3aHMUX 13 3aXMCTOM, 3a3€MJIEHHSM i CTpyMaMu BUTOKy. Hapemri,
BPaXOBYIOYM BaXKJIMBICTh 3aXUCTY [I€PCOHAy Ta 06J1aiHAHHS Ha 000X CTOPOHAX, 3a[TPOIIOHOBAHO BUKOPUCTAHHS
CTPYKTYP i3 3arajIbHUM 3a3€MJIEHHSM SIK €(DEKTUBHUI METOI. Y TPETbOMY PO3[iji, 3 OIJIsiAy Ha BUKJIMKY iHTerpaii,
[IpefiCTaBJI€HO 3alIPONIOHOBAHY CTPYKTYpy TpudasHoro ER 3 ofHiel0 KOMipKOIO Ha OCHOBI iHBEPTOPA i3 3arabHUM
3a3eMJIEHHSM. Y 11ii1 TOTOJIOTIi JJaHKa MOCTITHOTO CTPYMY Mae JOCTYII 10 BCiX TPbOX (a3 i Moxke 6ajlaHCYBaTH ix 6€3
CKJIQZIHOCTEN i BUTPAT, XapaKTEePHUX [IJIs1 TPAAULIHNX TpU(a3HUX cucTeM. CTPYKTYypa i3 3araJbHUM 3a3€MJIEHHSIM
3abe3nedye OJHAKOBUM NOTeHLias 3emii Ha cTopoHax AC i DC, mo nifgsuinye 6e31neKy, CIpoILIye 3aXUCT, a TAKOX
3MEHIIye BAPTICTb i Bary CUCTEMHU 33 PAXyHOK BiICyTHOCTi MOTpe6U B i30sLii. JleTalbHO ONMCAHO PEKUMU POOOTU
iHBEpPTOpa, MOLYJIALIiI0, TPOEKTYBAHHS KOMIIOHEHTIB, & TAKOX 3aXUCT i BUMUKAY IIOCTIHOTO CTPYMy. YeTBepTui
PO3iJ 30CEPENKYEThCS HA CTpATeTii KepyBaHHS Ta ONKCYeE Pi3Hi piBHI yripasiiHHA B ER. Ockinbku cucrema ER
iHTerpye KisibKa IpKepes Ta CIIO>KUBaUiB eHeprii, Oy/ib-s1Ka parToBa 3MiHa B MiICUCTEMI MOK€e CTBOPUTH JAHAMIYHI
YMOBU B yCbOMY KOMILJIEKCI. [I7151 MiABUILIEHHS AUHAMIYHUX XapaKTEPUCTUK 6araTornoptoBoro ER 3acTocoBaHo
Teopilo KepyBaHHS Ha ocHOBI myackocTi (FBC) Ha HUKHBOMY PiBHI KepyBaHHS (BHYTPIlIHIX KOHTYpax), 110
3abe3nevye MBUIKY Ta HAMiMHY PEaKIil0 CUCTEMU B TMHAMIYHMX YMOBax. Xoua FBC MoOsXKHa 3aCTOCOBYBATH $IK [JIs1
KepyBaHHs DC-JIaHKOIO, TaK i CTPyMOM MEPEeXi, y IbOMY PO3[Iijli TAKOXK OIMCAHO MPOIOPLiHO-pe30HaHCHU (PR)
KOHTPOJIEP $K HaZliiHy aJIbT€PHATUBY JJI1 KEPYBaHHSI CTPYMOM MEPEXi, 31aTHY €(DEKTUBHO yCYBaTU FAPMOHIKHU.
HarnpukiHni po3giny po3risHyTO pillleHHS [IJ1 CUCTEM YIIPaBJliHHS €HEPrielo BEPXHbOIO PiBHA — Bifl IIPOCTUX
JIOKaJIbHUX JIO0 BUCOKOTEXHOJIOTIYHUX pillleHb, 3 aKLeHTOM Ha Nepexin 70 NoBHOi LudpoBidallii yepes noeHaHHS
xMapHuX i edge-targopm. [T'aTnit po3nin MiCTUTh pe3ysIbTaTy MOAEJIOBAHHS Ta eKCIIepUMEHTIB. Pe3yibTaTu
MOJIEJIIOBAaHHS MiITBEPIKYIOTh €(PEKTUBHICTb 3alIPOIIOHOBAHOIO KOHTPOJIEPA Ta MOPIBHIOIOTh 10T0O
XapaKTEPUCTUKHU 3 TPAAULIMHMMU METOAMU KepyBaHHS. B eKcliepuMeHTaIbHIN YaCTUHI TPOaHajli30BaHO OCHOBHI
peXXuMM pobOTH CUCTEMU Ta MIOBEIHKY KOHTPOJIEpA B IMHAMIYHMAX YMOBax. HanpukiHli HaBe,eHO 3arajbHi

BMICHOBKHU Ta y3arajbHEHHA.

2. Dissertation for a double degree of Doctor of Philosophy in specialty 141 - " Electric Power Engineering,
Electrotechnics and Electromechanics.” Department of Electrical Engineering and Information Measuring
Technologies, Chernihiv Polytechnic National University, Ministry of Education and Science of Ukraine; and R024 -
Doctorate in Industrial Engineering, University of Extremadura, Department of Electric, Electronic and
Automation Engineering, Badajoz, Spain. Electric energy consumption is increasing much faster than the predicted
growth in energy generation. Although the installed capacity of renewable energy sources is also expanding, grid
congestion remains unavoidable without adopting smart energy management systems and flexible power



electronics structures. Therefore, the rise of electric energy consumption and electric energy congestion is
leading to the necessity of autonomous residential buildings. With the increase of domestic generation resources
(mainly photovoltaic), and the use of storage systems in many buildings, moving towards zero-emission buildings
(ZEBs) and the utilization of the dc system along with ac system is being developed. For this purpose, a new
technology, called an energy router (ER) with ac and dc ports, was proposed in recent years. Researchers have
already proposed various topologies and control strategies for ER; however, there are still research gaps and
challenges that should be addressed. Safety and protection issues and the control response in dynamic conditions
are among these challenges. Chapter one provides a general review of power electronics solutions for ZEBs. By
exploring the promising future of the low-voltage dc industry in ZEBs, the study presents and compares different
configurations for ER and grid-connected scenarios, evaluating their overall efficiencies across hybrid, dc, and ac
technologies. Chapter two comprehensively deals with the integration of dc systems and related challenges. Dc
microgrids, along with existing ac grids, are a future trend in energy distribution systems. However, there are not
yet sufficient standards to integrate dc systems into the ac grid, and safety considerations remain a problem. At
the same time, many related issues are still undefined and unsolved. In particular, uncertainty prevails in isolation
requirements between ac grids and novel microgrids, as well as in the grounding approaches. This chapter first
deals with different integration solutions and then investigates leakage currents and different grounding types and
configurations, both on ac and dc sides. It provides an overview of possible grounding approaches at the
connection points and the feasibility of avoiding isolation between ac grid and dc systems. Furthermore, it
proposes solutions for challenges related to protection, grounding, and leakage currents. Finally, considering the
importance of grounding and protecting personnel and equipment on both ac and dc sides, the use of common-
ground structures is introduced as an effective method. Regarding the integration challenges and scenarios,
chapter three introduces the proposed structure of a single-cell three-phase ER based on the common-ground
inverter. In this topology, dc link can access all three phases and balance them without the complexities and costs
associated with conventional three-phase systems. Common-ground structure creates the same ground on both
ac and dc sides that not only provides safety and protection on both sides, but also decreases the cost and weight
since it eliminates isolation. Inverter operating mode and modulation, component design of different parts, and
then protection and dc circuit breaker are also described in detail. Chapter four focuses on control strategy and
describes different control levels in an ER. The ER system integrates multiple power sources and sinks, and any
sudden change in a subsystem can introduce dynamic conditions across the entire system. To enhance the
dynamic performance of a multiport ER, flatness-based control (FBC) theory is applied to the low-level control
(inner loops) of the ER, ensuring a fast and robust control response in dynamic conditions. The presented method
guarantees a robust dc-link in any dynamic conditions. At the end, this chapter examines the high-level energy
management system solutions from a simple local-based to a high-tech solution, emphasizing the shift to full
digitalization through a combination of cloud-based and edge-computing platforms. Finally, chapter five presents
simulation and experimental results. Simulation results are provided to validate the proposed control solution and
compare the control response and quality with conventional control solutions. In the experimental part, the
general operating modes are analyzed, and the controller response in dynamic conditions is also investigated. At
the end, general conclusions are discussed and highlighted.
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