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Abstract7KLV SDSHU SUHVHQWYV PRGHUQ VROXWLRQV
RI GLVWULEXWHG

JHQHUDWLRQLQUXUDOFRPPXQLWLHVDLPLQJDWWKHL
PSURYHPHQWRIHQHU
DQG HQYLURQPHQWDO VHFXULW\ DV ZHOO DV SRZHU
VXSSO\ UHOLDELOLW\ WR
LPSRUWDQW FXVWRPHUVHJ KHDOWK FDUH
VHQVLWLYH FRQVXPHU UHTXLUHG FRQWLQXLW\
'LVWULEXWHG VRXUFHV DUH PDLQO\ JDV DQG ELRIDV
FRJHQHUDWLRQXQLWVDVZHOODVZLQGDQGSKRWRYR
OWDLFVRXUFHV6RPH
H[DPSOHVRIWKHLUDSSOLFDWLRQVLQDVHOHFWHG6L
OHVLDQFRPPXQLW\DUH
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Keywords*(QHUN VHFXULW\ SRZHU VXSSO\
UHOLDELOLW\ SRZHU

HQJLQHHULQJPLQLHQHUJ\FHQWHUV
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+(LVVXHRIHQHUN\VHFXULW\LVRIJURZLQJLPSRUWDQ
FHIRU
DOO FRXQWULHV 7KH SUREOHP RI HQHUJ
VHFXULW\ LV JOREDO HQWLUH VWDWH DQG
ORFDOORFDO JRYHUQPHQW XQLWV DV ZHOO DV
HQHUJ\VHFXULW\LQWKHVKRUWDQGORQIJWHUP(QH
UNVHFXULW\LV
LPSRUWDQWIRUWKHVXSSO\RIHOHFWULFLW\KHDW
DQGWUDQVSRUWIXHOV /RFDO *RYHUQPHQW 8QLWYV
REVHUYLQJ WKH SKHQRPHQRQ RI
HFRQRPLFWHFKQLFDOVRFLDODQGFDUU\LQJRXWW
KHLUEDVLFWDVNV
LPSRVHGE\WKHVWDWHDGPLQLVWUDWLRQWDNHP
HDVXUHVWRLPSURYH
WKHHQHUJN\VHFXULW\RILWVWHUULWRU\7KHLPSUR
YHPHQWZLOOEH PDGH E\ DQ LQFUHDVH RI WKH
VXSSO\ UHOLDELOLW\ WR LPSRUWDQW PXQLFLSDO
EXLOGLQJV RIILFHV RI PXQLFLSDOLWLHV FULVLV
PDQDJHPHQW FHQWHUV KHDOWK FHQWHUV DQG
KRVSLWDOV VFKRRO
J\PVNLWFKHQVDQGFDQWHHQVVSRUWVIDFLOLWLH
VEXLOGLQJVILUH
EULIDGHVLQGRRUVZLPPLQJSRROVHWFDQGE\LQYH
VWPHQWVLQ
WKHDUHDRIGLVWULEXWHGJHQHUDWLRQ"*>@7KHL
PSURYHPHQW RI SRZHU VXSSO\ UHOLDELOLW\ ZLOO
EH UHDOLJHG WKURXJK WKH FRQVWUXFWLRQ
RIPRVWO\ JDV FRJHQHUDWLRQ XQLWV LQ WKHVH
EXLOGLQJVRULQWKHLUYLFLQLW\ZKLFKZLOOHQDE
OHERWKWKHPDLQ DQG HPHUJHQF\ SRZHU VXSSO\ ,Q
3RODQG WKHUH LV VWLOO PRUH VXSSRUW IRU

FRQFHSWV DQG UHDOL]DWLRQV RI  VXFK
SURMHFWV >@
7KHVHDUHFDOOHGPLQLSRZHUFHQWHUVRIPXQLFLS
DOLWLHV7KH\
LQFOXGHVPDOOJHQHUDWLQJXQLWVDQGHTXLSPHQ
WZKLFKDUHYHU\
LPSRUWDQWIRUWKHRUJDQL]DWLRQRIZRUNLQWKH
PXQLFLSDOLW\IRU LQVWDQFH EHFDXVH RI
PLOLWDU\ VHFXULW\ DQG KHDOWK 6XFK
HTXLSPHQW PXVW EH VXSSOLHG DQG PDLQWDLQHG
HYHQ GXULQJ EODFNRXW SHULRGV ,Q VXFK D FDVH
WKH\ ZRUN DXWRQRPRXVO\ FUHDWLQJ VRFDOOHG
PLQL SRZHU LVODQGV 5XUDO FRPPXQLWLHV
FRQVXPH DSSUR[LPDWHO\ RI WKH FRXQWUV
RYHUDOO
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3DZHO6RZDLVZLWKWKH6LOHVLDQ8QLYHUVLW\RI7THFKQRORJ\
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7KHORFDODQGJOREDOSRZHULQGXVWUNDFHVQH
ZFKDOOHQJHV GXH WR WKH FXUUHQW DQG IXWXUH
VLWXDWLRQ LQ WKH 136 DQG WKH IRUHFDVWYV
FRQFHUQLQJ WKH GHYHORSPHQW RI YDULRXV
W\SHV RI
SRZHUJHQHUDWLRQVRXUFHV7KHVHDUHFRQQHFW
LRQRSHUDWLRQDO GLVSDWFKLQJ DQG HFRQRPLF
FKDOOHQJHV $V UHJDUGV WR WKH SUREOHP RI
FRQQHFWLQJ WR WKH QHWZRUN QHZ VRXUFHV
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HUDWLRQVRXUFHV
EHLQJDOVRHPHUJHQF\VRXUFHV

)LI(OHFWULFLW\GHPDQGRIUXUDOPXQLFLSDOLWLHV

7KH FRQVXPSWLRQ RI WKH SULPDU\ HQHUN LQ

WKH VHOHFWHG 6LOHVLDQ FRPPXQH
*LHUDaWRZLFH &RPPXQH = UHVLGHQWV IRXU
YLOODJHV UHVLGHQWLDO EXLOGLQJV

PXQLFLSDOEXLOGLQJVLVSUHVHQWHGEHORZ7KHH

VWLPDWHGDQQXDO HQHUJ\ FRQVXPSWLRQ DQG

WKH SURILOH RI WKH FRPPXQLW\ ZHUH
GHWHUPLQHG EDVHG RQ WKH PRQLWRULQJ RI
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7KH SUHVHQWHG H[HPSODU\ LQQRYDWLYH VROXWLRQV LQ WKH VHOHFWHGFRPPXQHHQDEOHRQHWR x
%DODQFHWKHGHPDQGVZLWKWKHFDSDELOLWLHVRIGLVWULEXWHG
JHQHUDWLRQ x ,QFUHDVHWKHHQHUNVHFXULW\LQWKHPXQLFLSDOLW\ x O0DLQWDLQ
DXWRQRPRXV RSHUDWLRQ RI LPSRUWDQW ORDGV RU
REMHFWVLQHPHUJHQF\FRQGLWLRQV x  ,PSURYH WKH SRZHU VXSSO\ UHOLDELOLW\ WR PXQLFLSDO
FRQVXPHUV

)LI(QHUJ\FRQVXPHGGDLO\E\RQHRIPXQLFLSDOVFKRROV
+ H[DPSOH
x*HQHUDWH VRPH VXUSOXV HQHUJ\HJ 0: IRU WKH DQDO\VHG FRPPXQH
HVSHFLDOO\ LQ VLWXDWLRQV RI SRZHU
GHILFLWLQWKH136DQGDORFDODUHDQHWZRUN
x&RQWURO WKH VXSSO\ DQG GHPDQG IRU DFWLYH DQG UHDFWLYH
SRZHULQWKHDUHDVRIPLQLHQHUJ\FHQWUHV
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- %DUJLHO - 3DVND 3 6RZD *:D\V RI OLWLJDWLRQ RI 3RWHQWLDO 3RZHU DQG (QHUJ\
'HILFLWV LQ WKH 3ROLVK (OHFWULF 3RZHU 6\VWHP" RYNEK
ENERGII, 2FWREHU,VVXHSS
-%DUJLHO36RZD.=DMDF}0HWKRGVRILPSURYHPHQWRISHOLDELOLW\
LQOHGLXP9ROWDJHIHWZRUNV(QHUN3ROLF\&RPPXQLWLHV RYNEK
ENERGII, $SULO,VVXHSS
-%DUJLHO:*RF36RZD-3DVND*3UREOHPVRIUHOLDELOLW\DQGSRZHU
TXDOLW\DVVHVVPHQWLQ3ROLVKHOHFWULFSRZHUV\VWHP'/EEE Power Engn Soc Ninth
International Conference on Harmonics and Quality of Power Proceedings, Vols I —III, , SS

6WDW\VW\NDHOHNWURHQHUJHW\NL SROVNLHM6WDWLVWLFV RI

3ROLVK  SRZHU
V\VWHPS$5(6$:DUV]DZD
,QIRUPDFMDVWDW\VW\F]QDRHQHUJLLHOHNWU\FIQHM6WDWLVWLFDOLQIRUPDWLRQRQ
HOHFWULFLW\ $5(6$:DUV]DZD
- %DUJLHO : *RF % 7HLFKPDQ 3 6RZD 3&RPSRQHQWV UHOLDELOLW\ SDUDPHWHUV E\
PLGWHUP GHILFLW RI HOHFWULF HQHUI\" ,((( $)5,&21
6HSWHPEHU1DLUREL.HQ\D,6%1 ,(((

- %DUILHO % ORO . 4XV]F] 3 6RZD A,PSRUWDQFH RI 'LVWULEXWHG *HQHUDWLRQ LQ WKH
1DWLRQDO 3RZHU 6\VWHP %DVHG RQ WKH ([DPSOH RI

*LHUD4AWRZLFH&RPPXQH SFWD(QHUTHWLFDSS
-%DUJLHO36RZD.=DM3F%0yO76LHURFLEVNL}*6HFXULW\RIUXUDO FRPPXQHV DQG
VHFXULW\ RI WKH 1DWLRQDO 3RZHU 6\VWHP’ (QHUJIHW\ND 0D\VSHFLDOLVVXHIR;;,,,SS+

-%DUJLHO:*RF36RZD%7HLFKPDQ76LHURFLEVNL*7KHULVNRI
IDLOXUHLQORFDOGLVWULEXWLRQV\VWHPV 6DIHW\RIWKH3ROLVKSRZHUV\VWHP
(GLWLRQ,6%1SS

7HFKQRORJ\SS

3URIHVVRU3DZHO6RZDOJKROGY D 'RFWRUDWH 'HJUHH DV
ZHOO DV 'RFWRUDWH RI 6FLHQFH LQ 7HFKQLFDO 6FLHQFH
IURP 6LOHVLDQ $QLYHUVLW\ RI 7HFKQRORJ\ 3RODQG +H LV
FXUUHQWO\ 'HDQ RI WKH )DFXOW\ RI (OHFWULFDO
(QJILQHHULQJ DQG 'LUHFWRU RI WKH ,QVWLWXWH RI 3RZHU
6WVWHPV DQG &RQWURO 6LOHVLDQ S8QLYHUVLW\ RI
7HFKQRORJ\ 7KURXJKRXW KLV DFDGHPLF FDUHHU KH KDV
SXEOLVKHGPRUHWKDQVFLHQWLILFSXEOLFDWLRQVLQPDQ\L
QWHUQDWLRQDOUHIHUUHG MRXUQDOV DQG FRQIHUHQFHV
SURFHHGLQJV 3URI 6RZD KDV VHUYHG DV D SURMHFW
OHDGHUSULQFLSDO LQYHVWLIJDWRU WR SURMHFWYV ZLWK
DQRWKHU DV DFWLYH FR
UHVHDUFKHUV+HKDVEHHQDFWLYHO\LQYROYHVLQPDQ\FRQ
VXOWDQFLHVDQGLQYLWHG
WRWDONLQYDULRXVVHPLQDUVGLDORJXHVDQGFRQIHUHQF
HVLQYLWHGOHFWXUHVDW
XQLYHUVLWLHVDQGIRUHLIQHQWHUSULVHVLQWHUQVKLSV
DWIRUHLJQXQLYHUVLWLHVIURP WR  PRQWKV  VLIQHG
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OHWWHUV RI LQWHQW ELODWHUDO DJUHHPHQWV DQG
JUDQWV PDQDJHPHQW UHYLHZ FROODERUDWLRQ ZLWK
LQWHUQDWLRQDO LQGXVWU\ 6SHFLDOLVW LQ

SRZHU HQJLQHHULQJ SRZHU V\VWHP PRGHOOLQJ DQG
WUDQVLHQW HOHFWURPDJQHWLF SKHQRPHQD +H KDV DOVR
ZRQ VHYHUDO DZDUGV LQ LQWHUQDWLRQDO DQG
QDWLRQDO

UHVHDUFKFRPSHWLWLRQV

'U-RDFKLP%DUJLHOKROGV D 'RFWRUDWH 'HJUHH LQ
7HFKQLFDO 6FLHQFH IURP 6LOHVLDQ 8QLYHUVLW\ RI
7HFKQRORJ\ 3RODQG $Q DVVLVWDQW SURIHVVRU DW WKH
L,QVWLWXWHRI(OHFWULFDO3RZHUDQG6\VWHPV&RQWURORI
WKH6LOHVLDQ8QLYHUVLW\RI
THFKQRORNIRLWRIWKH*LHUDaWRZLFH&RPPXQHS$XWKRURIQ
XPHURXVSDSHUV
DQGDUWLFOHVRQWKHUHOLDELOLW\RISRZHUV\VWHPVDSUR
PRWHURIHPXQLFLSDOLW\
DQGGLVWULEXWHGHQHUJNHQHUDWLRQ
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