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Abstract of Thesis

The tremendous resource of solar energy makes solar photovoltaic (PV) generator as one of the most promising
renewable energy sources for system integration. The fast-growing share of PV in the gross electricity generation
delivers significant ecological and economic benefits to the world's sustainable development. However, large and
rapid deployment of PV demands effective technology supports to maintain system power quality. One of the
major power quality concerns is voltage stability due to power flows from grid-connected PV. To sustain voltage
stability in power system under large and random PV integrations, this study focused on voltage regulation with
reactive power injection from PV inverter. Statistical analyses of voltage stability were initially conducted on
power system under various allocation patterns of PV generators. Moreover, several decentralized control
schemes of reactive power were applied on inverter to investigate their control performances. Analysis results
showed random allocation of solar PV may harm voltage stability around the tail part of radial circuit lines, as
well as connecting buses of circuit lines. In addition, control performances of decentralized control schemes were
insufficient without considering whole balance of system power flow. Based on these analyses, an efficient control
method of inverter reactive power was proposed from a centralized approach, which cared for both allocations of
PV and reactive power injection of inverters. The centralized control model was derived from PV-enabled power
flow equation, which was a linear model describing the influence of inverter reactive power injection on voltage
magnitude change. Control objective was formulated as an optimization problem, which aimed to find the best fit
of reactive power injection that minimizes system voltage variation. Sparse optimization method, named
constrained least absolute shrinkage and selection operator (LASSO), was adapted on the formulated
optimization problem. LASSO added L1-norm penalty on reactive power injection, which was expected to shrink
the number of operating inverters for voltage control. Control performances and efforts of LASSO were
investigated in power system under random integration of PV generators. The estimated solutions of reactive
power injection showed that LASSO succeeded in selecting the least essential PV inverters for voltage regulation
with respect to large and random integration of PV generators, while maintained control performances on voltage

stability.
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{EFIREL & B R L F — O FEFIZBROHIR S 20 0 20 H BHIE, KR ESLR B L Vo I FA TR RV
X — OREATE AL Rt rIReth S OIS COEERBE L 2o TND, LLARRL, Z4kfk - BHI LT 2%
FHEOPIZRBERCKRIAEA SN DI HAEFTMRET I AX —2 KEICEAT S Z L1, BEHRKEOREMEICKE LitEE
FlEE T, Kmd, KENOT U F AICEBE SO KIBEHKEL AT LWEIRM L ERET 2R EAEEL, R
MBEOLEMEEZEZLR L, BEELBOMBIOT-DITHE LicA o N\—Z WNEDHEM G ERET L2 HNET D,

2ETIE, REMR LRGBS AT SO L EBEOBERBIZ OV TR TND, RFELR Lo KELRE S
AT MMIFEICKGCEM, 1 N —& EHELEE L ORIOEMRIEE 22 & TR L T D, FRIC, KIBLEmRM DI

BRENEMBEREE TR SN, BEAOLEBIEE L 254 L A= OBMMAFE LIRS TND

3ETIE, BUREERL L A v V2 REBEBREE ML, KBRS /XTA%%ALt%ﬁ%%ﬁ@@mﬁﬁ
ETNVOEMRET/Ro TS, WIRHREOIFEIZE SN T, KIBEHEES AT LD SRR LNAY AoV N
FIKGNIEBIC L DDENNA A= F PGS I DBRIT, A =X PNERT 5 B & HIEA T & LTtk
THIECRMELEOEBPMHE CTEXLI LERLTNDS,

4 BT, BEHRELEREICB VT, KRB AT L0k 4 RELE XY — 2 CREBIE DR EMEIC R IF T2

BEBLE L, WL D00 MR 7 5 B o B2 T A HIE R T O RHELEOIHIZI R AR LTV D, TOREND, K
HHEL AT LT o LABEITBGICHM L WRREEOE#Z 5| T ARENH D Z L2 L TnD, Eio,
SO B HFIEHA CIXBARRKBILEOLENE +FIHERFTERVWEERDH DL E2RLTND,

BETIH, Ay vaREERMEZMBEA L, WIRHREO SRR L MWNEN % ATME L T 2 7HELEOHIEET L%
EHHLTWS, ZOETIIESE, A= #EbOFETH S LASSO(Least Absolute Shrinkage and Selection
Operator) A L. KB EL AT LN T ¥ LIEE SN D BRI T, KIS E ) OHIEE % =R
LTCW5, LASSOIECTILIEBBADOMAMEIC LI-/ VA E MR D EIZE T, A U= b BNEOH &R
LB, BT DA N — X B NERARIRICHI L. A N — X OB E I E S EAICHIE L. REEEOL T &
HlTsZ Ea2EHLTND,

ED X ST, ARSI RBHFEES AT ABKENDT U F LCEE SN EEBENREICBNT, RRELEOLE
P L, BEABOIMENELRET 27201, a) BENIRELERFIZB T, kA RKRBHEREEL AT LOHAE
REHEEL, FRELOLEBFREZTR, DIEET —F VA U AOGHTHYL INTZ A=A RELTIETH D
LASSO Z 5 L, A o N—=FEHENDOH N 2R R HET DL TREBEOEBZHIELE S, L3560 T,
BHDBFICKTT 2 A ERIIRE VLD LHEET 2, Lo TARGmIUIE LRI E LTMEH LB D L5890




