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1. Incepranis Ha 3000yTTs NOABINAHOrO CTyneHs Jokropa dinocodii 3a cneianpHicTio 141 - «EnekTpoeHepreTuka,
€JIEKTPOTEXHIKA Ta eJIeKTpOMexaHika», Kadelipa eJIeKTPOTEXHIKM Ta iHPOpMaLiliHO-BUMiPIOBAJIbHUX TEXHOJIOTIH,
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[IPOTHO30BaHE 3pOCTaHH ii reHepallii. Xo4a BCTaHOBJIEHA MOTYKHICTh BiIHOBJIIOBAHUX [IPKEPETI €HEPrii TaKOX
3pOCTae, IepeBaHTaKEeHHS eJIEeKTPOMEPEK 3aIMIIAEThCSI HEMUHYYUM 6€3 BIPOBaKEHHS iHTeJIEKTyaJIbHUX CUCTEM
KEPYBaHH$ €HEPTi€l0 Ta THYYKUX CTPYKTYP CUJIOBOI €JIEKTPOHIKU. TOMY 3pOCTaHHS CIIOKUBAHHS €JIEKTPOEHEPrii Ta
[IePEBAaHTAKEHHSI MePeXXi IPU3BOAUTD 0 HEOOXiNHOCTI aBTOHOMHUX >KUTJIOBUX Oy[iBeib. 3i 30ibII€HHIM
KiJIbKOCTI JIOKaJIbHUX IpKepeJl reHepalii (IepeBakHO POTOEIEKTPUYHNX) Ta BUKOPUCTAHHSIM CUCTEM 30€piraHHs

eHeprii y 6aratbox Oy[iBJsIX PO3BMBA€ETHCS HANIPSIM J10 Oy[iiBeJib 3 HYJIbOBUMU BUKUTaMu (ZEB) Ta BUKOpUCTaHHS



nocritHoro ctpymy (DC) nopsp, i3 cucremamu 3miHHOTO cTpyMy (AC). 3 11i€r0 METOIO B OCTaHHI POKHU
3aIIPOIIOHOBAHO HOBY TEXHOJIOTIIO — eHepreTnyHuil mapupyTtusatop (ER) i3 mopramu 3MiHHOTO Ta MOCTIHHOTO
cTpymy. JJOCIIiZHUKY BXXe 3alpONIOHYBaJIX Pi3Hi TOMOIOTII Ta cTparerii kepyBaHH4 ER, oHaK 3a1MmanTbCs
IOCJIiIHULIBKI MPOTajJIMHU Ta BUKJIMKY, SKi IOTPEOYIOTh BUpilleHHs. [InTaHHs 6e3MeKuy, 3aXUCTy Ta Peaklii CUCTEMHU
KepyBaHHS B IMHAMIYHUX YMOBAX € CepeJ] OCHOBHUX NPO6eM. Y MepIIoMy pO3[isi IpeCTaBIeHO 3arajJbHUI OIS,
CUJIOBUX €JIEKTPOHHUX pileHs a1 ZEB. JlocnigKyeTbCst epcreKTUBHE MatOyTHE iHIyCTPil HU3bKOBOJbTHUX
CHCTEM IIOCTiNHOrO cTpyMy B ZEB, nopiBHIOI0TECA pi3Hi KoHQirypauii ER Ta clienapii nifikji04eHHs 10 Mepexi,
OLIiHIOETBCS iX 3arajibHa €(PEKTUBHICTD y riopuaHux, DC ta AC TexHoorisax. Ipyruil po3iia NprucBsYeHUN iHTerparii
CHCTEM IIOCTIMHOIO CTPyMY Ta [10B’13aHUM i3 IuM BUKJIMKaM. DC-mikpomepexi pasom i3 HasBHUMEU AC-MepekaMu
€ MalOyTHIM TPEHJIOM CUCTeM po3Iofiny eneprii. IIpote Hapasi 6pakye crangapTis AJ1s iHTerpanii DC-cuctem B
AC-mMepexy, a NUTaHHS 6€3MeKU 3a/IUIIAI0ThCS aKTyaJbHMMU. BaraTo Mop’si3aHuX MUTaHb OCi HE BUSHAYEHO,
30KpeMa BUMOTH [0 i30Jis1Lii MK AC-MepekaMu Ta HOBUMU MiKpOMeEpEXKaMH, a TAKOXK MigX0IU 10 3a3€MJIEHHS. Y
LIbOMY PO3/iJii pO3rsialoThCsl Pi3Hi pilleHHs iHTerpaliii, JOoCiIKy0TbCsS CTPYMU BUTOKY Ta TUNH i KOHQIrypatiii
3a3eMiieHHs Ha ctopoHax AC ta DC. TakoX HaBeI,eHO OIJIA] MOKJIMBHUX MIIXOIB O 3a3€MJIEHHS Y TOYKAxX
3'eIHaHHS Ta PO3IJISIHYTO NOLJIbHICTh YHUKHEHHS i301s1ii Mixk AC-Mmepexeto Ta DC-cuctemamu. ai
IIPOTIOHYIOTHCS PillleHHS AJ1s [TPo6JIeM, IIOB'I3aHUX i3 3aXUCTOM, 3a3€MJIEHHSIM i cTpymaMmu BUTOKY. HapemTi,
BPaxOBYIOUM BKJIMBICTb 3aXUCTY [1IEPCOHAIIY Ta OOJIalHAHHS Ha 000X CTOPOHAX, 3alIpOIIOHOBAHO BUKOPUCTAHHS
CTPYKTYP i3 3arajIbHUM 3a3€MJIEHHSM SIK €(DEKTUBHUI METO. Y TPETbOMY PO3[iji, 3 OIJIsiAy Ha BUKJIMKY iHTerpaii,
IIpeCTaBJIeHO 3allpOIIOHOBAHY CTPYKTYpPYy Tpudasnoro ER 3 oHi€10 KOMIpKOIO Ha OCHOBI iHBepTOpa i3 3araJlbHUM
3a3eMJIeHHSM. Y il TOIOJIOTi] JJaHKa IOCTIHOrO CTPYMYy Mae NOCTYII 10 BCiX TPpboX a3 i MoxKe 6asaHCyBaTH ix 6e3
CKJIaIHOCTE! i BUTPAT, XapaKTEPHUX AJ1 TpaguLiliHuxX TpudasHux cucreM. CTpyKTypa i3 3arajlbHUM 3a3€MJIEHHSIM
3abe3mnedye OHaKOBUM NOTeHLias 3eMi Ha cTopoHax AC i DC, mo nifsuinye 6e3rneKy, CIpoIIye 3aXUCT, a TAKOX
3MEHIIy€E BapTiCTh i Bary CUCTEMH 32 PaXyHOK BiZICYTHOCTI 110Tpebu B i30ss1ii. [leTasbHO ON1caHo pesKuMu poboTu
iHBEPTOPA, MOLYJIALIiI0, TPOEKTYBAHHS KOMIIOHEHTIB, & TAKOX 3aXUCT i BUMUKAY IIOCTITHOTO CTPYMy. YeTBepTui
PO3JiJ 30CEPEKYEThCA Ha CTpATeTii KepyBaHH Ta ONKCYeE Pi3Hi piBHI yripasiinHA B ER. Ockinbku cucrema ER
iHTerpye KisibKa JI)KepeJl Ta CII0XKUBaviB eHeprii, 6yIb-sgKa panToBa 3MiHa B IiICUCTEMi MOKEe CTBOPUTH JUHAMIUHI
YMOBHU B yCbOMY KOMILJIEKCI. [IJIs1 MigBUIeHHS AUHAMIYHUX XapaKTepUCTUK b6araTonoprosoro ER 3acTocoBaHo
Teopilo KepyBaHHS Ha ocHOBI mackocTi (FBC) Ha HUKHBOMY PiBHI KepyBaHHSI (BHYTPIlIHIX KOHTypax), 10
3abe3nevye MWBUIKY Ta HAJilHY peaKLilo CUCTeMU B IMHAMIYHUX yMOBax. Xoua FBC MO>KHa 3aCTOCOBYBATH SIK J1JIs1
KepyBaHHS DC-J1aHKOI0, TaK i CTpPyMOM MepexXi, y LIbOMY PO3/iJii TAKOXK OINKMCAHO MPONOpLifHO-pe3oHaHcHuu (PR)
KOHTPOJIEP SK HaMlifHy aJlbTEPHATHBY IJ1s1 KEPYBaHHS CTPYMOM MepexXi, 30aTHy e(PeKTUBHO yCyBaT FapMOHIKH.
Harnpukinni po3ziny po3risHyTo pillleHHd [IJ1 CUCTEM YIIPaBJliHHS €HEPrielo BEPXHbOIO PiBHA — Bifl IIPOCTUX
JIOKaJIbHUX 70 BUCOKOTEXHOJIOTIYHUX pillleHb, 3 aKLIEHTOM Ha Iepexif, 10 IOoBHOI nudpoBsisanii yepes oegHaHHS
xMapHuX i edge-margopm. [T'aTrit po3nin MiCTUTh pe3ysIbTaT MOJEJIOBAHHS Ta eKCIIepUMEHTIB. Pe3yabTaTu
MOJ€JIIOBaHHS NI TBEPIKYIOTh €(PEKTUBHICTb 3alIPOIIOHOBAHOTO KOHTPOJIEPA Ta OPiBHIOIOTh OO
XapPaKTEPUCTUKU 3 TPALULIIMHUMU METOAMU KEPYBAHHS. B eKClleprMeHTaIbHIN 4aCTUHI TPOaHali30BaHO OCHOBHI
pekuMu pobOTH CUCTEMH Ta IMOBEAIHKY KOHTPOJIepa B IMHAMIYHUX YMOBax. HanpukiHii HaBeJeHo 3arajibHi

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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