AMi2;" iIBQM Q7 So bvbi2Kb BMIQ ;" B/, 6 Q
M HvbBb iQ bQHmMIBQMb
hm M h M ZmQ+

hQ +Bi2 i?Bb p2 ' bBQM,

hm M h> M ZmQ+X AMi2:  iBQM Q7 So bvbi2Kb BMiQ ;:'B/, 6°QK BKT +
A111 AMi2 M iBQM H*QM72 2M+2 QM 1MpB QMK2Mi M/ 1H2+i B+ H 1N\
M/ *QKK2 +B H SQr2  avbi2Kb 1m QT2 U111A*f A *Sa 1m QT2V- CmM

yik9Nj8k

> G A/, +2 @yjk9Nj8k
2iiTh,ff?2 H@+2 X "+?2Bp2b@Qmp2 i2bX7 f+2 @YVYj
am#KBii2/ QM 9 CmM kykR

> G Bb KmHiB@/Bb+BTHBM v GOT24WB p2 Dmbp2 "i2 THm B/BbBIBTHBN
"+?Bp2 7Q i?72 /2TQbBi M/ /Bbb2KIBEBMBR MNQ@T™+B2® " H /BzmbBQM /2 /
2MiB}+ "2b2 "+?2 /Q+mK2Mib- r?2i?@+B2MMiB}2mM2b#/@ MBp2 m "2+?22 +?22- T
HBb?2/ Q° MQiX h?2 /IQ+mK2Mib MK VW+RK2Z2EF IQKHBbb2K2Mib /62Mb2B;M
i2 +?BM; M/ "2b2 "+? BMbiBimiBQWER BM?8 7M#M2I @b Qm (i~ M;2 b- /2b H
#Q /-Q 7 QK Tm#HB+ Q T ' Bp i2T2HRAB+B @2MT2BIpXib X
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,(OQWHJUDWLRQ RI 39 6\VWHP
JURP ,PSDFW $QDO\VLV WR

4XRF 7TXD®HQDRU OHPEBU&RQJ 3KDP / 3DUHQW . 6RXVD

&($ + IDWLRQDO ,QVWLWXWH IRU 6RODU (QHUJ\ &($ ,1(6
$YHQXH GX /DF /pPDQ
/H %RXUJHW GX /DF )JUDQFH
A4XRF7XDQ 7UDQ#FHD IU

SEVWUDKMW?2LQWHIJUDWLRQ 39 VIVWHPWALQWRPIWD.@GG GMKHVRH¥WKKIRGY RI DVVHVVP

LQWHUPLWWHQW FKDUDFWHULVWLFV F@QVwLI-EXIWY_PﬁQLQDQHw,zQB\MV 6RQY AUHO LQQ
QHWZRUN IXQFWLRQDOLWLHV VXFK DV WWHKHDI RROW PH qﬁ RRYG St

LQWURGXFHV QHZ PDQDJHPHQW DQG s 39 JHOF
LPSDFWV DUH PRUH FRPSOLFDWHG IRU %E%i&%%@qgﬁgﬁ &gﬂﬁ/wﬁé GV WR H
$ EHWWHU NQRZOHGJH RI WKH LQGXFHG

LQ RUGHU WR GHWHUPLQH WKH 39 SHQHW L% RZ'-Q

RI 39 JHQHUDWLRQ RQ GLVWULEXWLRQ %Mt §WN|3|DE}UEUR~W
DQG HFRQRPLF RSSRUWXQLWLHV SURYL H53(GERl3938H\Q\My\bH\H_‘éQNR7N\U€(H HOHFWULF
SDSHU SUHVHQWY DQDO\VHV RQ WKH LPWIRFRO/NVRIRLY VPSDHAY DYWHYYVIPMHIQRW R WK H
WR WKH JULG YDULDWLRQ RI YROWDJH DGSIUH V¥HQF¥H & RIOO\® JHOXOQEDMDR™WHG RQ
HWF 6HYHUDO VROXWLRQV EDVHG RQ LIQYWH/Q@ O OIHIW L RRIAW UROV 8 B RW R LR Q B QGD
HQHUJ\ VWRUDJH LQ RUGHU WR UHGXFHQgﬂ-ﬁ( LPSREWY WR @0 HPLHIWILKEY WR UHC
DQFLOODU\ VHUYLFHV FRQWULEXWHG E\ V\)/AYT\}WEWV\H_Q?FWFMP%LQQW RWIRD o S
JULG VWDELOLWA DUH SURSRVHG VWUDWHJI\ ZLWK WKUHH SKDVH 39 LQYI
_H\ZRUGV?239 V\VWHP ,PSDFW DQDOM@D%%%JHDW%V\ZUKM FRQQHFWLQJ
XQEDODQFH VWDELOLW\ JULG GLVWULEXWLRQ QHWZRUN )DXOW 5LGH
SURSRVHG LQ VHFWLRQ 9, WR LPSURYH
1752'887 21 LQ LVODQGHG PRGH $VVRFLDWLRQ RI 3!
RUDJH LV FRQVLGHUHG LQ VHFWLRQ

,Q WKH FRQWH[W RI WKH HQHUJ\VW@P\QNRW\V%H @xb%@@Ej‘HGWLM*G WKH F
REMHFWLYH LV UHDFKLQJ RI UHQyI P PRIQHRHU I\ LQ

RI' UHQHZDEOH HQHUJI\ E\ LQ WKH '20°720
GHSDUWPHQWYV WKH LQWHJUDWLRQ RI UHQHZDBEOH,"HORBIL7TUHVRXUFHYV
5(6 LQ SRZHU JULGV ZLOO EH PDLGC™" ~" 7" 7 sl "7 777

FRQVWUDLQWY DQG WKH SUREOHP RI | /HG E\
LOQWHUPLWWHQF\ DQG ORZ LQHUWLD ‘
VXVWDLQDEOH HQHUJ\ VRXUFH DQG
SKRWRYROWDLF LV H[WUHPHO\ G\QDI
FRXQWU\ > @ 7KH FRQQHFWLRQ RI VR e other W K
LQWHUPLWWHQW FKDUDFWHULVWLF F AC grids SUREC
RU FDQ KDYH VLJQLILFDQW LPSDFWV F P )

X &KDQJLQJ WKH YROWDJH SURILOH é/{‘ 5

X 9DU\LQJ WKH SRZHU SURGXFWLRQ ™ */n" Mm;{\/{

X ,QFUHDVLQJ WKH YROWDJH XQEDC Phe o @m

X ,QFUHDVLQJ KDUPRQLFV RQ WKH ﬁ\\\w_ ﬁ

X ,QWURGXFLQJ VWDELOLW)\ DQG SU A Q’ii ' )W

QXPEHU RI 39 LQYHUWHUV FRQQH|

QHWZRUN LV ORZ DQG WKH VKRUW L U RLHT, it B i e AT SHER Y Diss- o
HWEF

7KH FRQQHFWLRQ RI 39 VAVWHP WRy W ;IS PHY Wy i YSBEWPHOWDO o
VWDQGDUGY RU JULG FRGHV > @ TH} &HIR{f & GRIMDEBY YRR FRNGY Bl p Ly
WKH LQGXFHG FRQVWUDLQWYV LV QHE H{{EREY b RCRHEHI WR S WH U @ Hy digkx
39 SHQHWUDWLRQ OHYHO WR LGHQWHI BEDEQW ISR AR@Q&EQ\QHQ%H\QU,Qg

WKLV SDSHU ZH FRQVLGHU WKH LPSRITW R$ 3 ¥YRYHPGWRY WK H $RXES 1 Low
. ( GLVWULEXWHG HQHUJ\ UHVRXUFHV '(5
! UHVSHFW WR WKH JULG ,W FDQ RSHUD\



LVODQG PRGH $ VFKHPH RI

WKH PLFURJULGV GHILQHG LQ WKH
3$5%$',6( SURMHFW LV VKRZQ LQ )LJ

> @

7KH LQWHJUDWLRQ RI 5(6 LQWR D PLFURJULG FDQ FDXVH QHJDWLYH
LPSDFWV RQ PLFURJULG IXQFWLRQDOLW\ ,W LV WKHUHIRUH QHFHVVDU\ WR

GHYHORS QHZ VWUDWHILHV RI

FRQWURO DQG PDQDJHPHQW IRU

PLFURJULG 9DULRXV SURMHFWY KDYH EHHQ FDUULHG RXW LQ DQ HIIRUW
WR DOOHYLDWH WKHVH FKDOOHQJHV > @

vy, 035&7$66(660(17 B)9,17(*5%$7,21172%5,'6

7R DGGUHVV WKH LQWHUPLWWHQF\ RI 39 SURGXFWLRQ DQG ORDGV
DQG LWV LPSDFWV RQ WKH GLVWULEXWLRQ QHWZRUN D SUREDELOLVWLF WKL
SKDVH /RDG )ORZ 3/) LV GHYHORSHG EDVHG RQ ORQWH &DUOR
WHFKQLTXHV )LJ 7ZR PRGHV Rl VLPXODWLRQ FDQ EH UHDOL]JHG

Xx 'HWHUPLQLVWLF VLPXODWLRQ ZLWK IL[HG SDUDPHWHUV

XORQWH &DUOR VLPXODWLRQ ZLWK VRPH SDUDPHWHUV GHILQHG DV

UDQGRP YDULDEOHY VXFK DV ORDGV 39 SURGXFWLRQ HWF

Inputs
Type of network : urban et rural;
Network parameters
Penetration rate of EV
Average profile of load...

2 2

Developed program
Three-phase Load-flow
Simulation step: 10 min
Deterministic Simulations
Monte-Carlo Simulations

L 2

Outputs
= \/oltages
= Currents or power flows
= losses
= Unbalance rate of voltages
= |Indicators if Monte-Carlos simulation
(max, min values, occurrence...)
k Economic indicators (cost, price...)

\

4

)L 'LVWULEXWLRQ QHWZRUN ZLWK 39 LQV)

7R GHPRQVWUDWH WKH SHUIRUPDQFH F
D 09 GLVWULEXWLRQ QHWZRUN ZLWK 39
VKRZQ LQ )LJ ‘H SUHVHQW DQG DQDO\]
RI WKH PD[LPDO FDSDFLW\ RI 39 V\VWHP
WKUHH FDVHYV
&DVH:LWK D 39 VIVWHP LQVWDOOHG DW
FDSDFLW\ RI 39 VIVWHP LV 0: JRU WKL
FDSDFLW\ LV OLPLWHG E\ WKH RYHUOR
RYHUORDGV RQ FHUWDLQ OLQHV &ULWL|
DQG QR YROWDJH YDULDWI
&DVH:LWK 39 VIVWHPV LQVWDOOHG DW

PD[LPDO FDSDFLW\ RI 39 VA\VWHP LV (
0: 6B39B 0: JRU WKLV FDVH WK
FDSDFLW\ LV OLPLWHG E\ WKH YROWDJH
YLRODWLRQV DW EXVHYV DQC

&DVH:LWK D 39 VAIVWHP LQVWDOOHG DV
PD[LPDO FDSDFLW\ RI 39 VA\VWHP LV
0: 3B39B 0: 3B39B 0: )RU WKL
WKH FRQQHFWLRQ FDSDFLW\ LV OLPLWH
7KHUH DUH RYHUORDGVY RQ OLQHV

)LJ
)LJ IHVFULSWLRQ Rl WKH PHWKRGRO IOROWDJH SX %UDQFK SRZHU IORZ 09%5

$IWHU LGHQWLI\LQJ WKH FULWLFDO DJ W “—hG
WRRO VROXWLRQV FDQ EH GHYHORSH OXD SR L EX O D
WR DYRLG WKH FRQJHVWLRQ WR PDLQ e LWy —————

7KH SURSRVHG WRRO DOORZV GHVgmg ~~—[KH ~=
SHQHWUDWLRQ UDWH RI 39 VI\VWHPV L%WK =" WKH
FRQVWUDLQWYVY Rl YROWDJHV DQG SRZHFororzv— —_— |

7LPH +

7LPH +

J)LJ 9ROWDJH YDULDWLRQ DQG SRZHU IOR



%UDQFK FXUUHQW § SROWDIH_SX 39 VIVWHPV PD\ EH GLVFRQQHFWHG E\ S
IUHTXHQW GLVFRQQHFWLRQ RI 39 LQYHU\
N\ DQG SHUWXUE WKH QHWZRUN RSHUDWLR

$Q DXWR DGDSWLYH YROWDJH FRQWUR
/ \ SURSRVHG WR SDUWO\ UHVSRQG WR Wi

WHFKQLFDO EXW DOVR HFRQRPLFDO DGY
EDVHG RQO\ RQ ORFDO PHDVXUHV 7KL\
FRPPXQLFDWLRQ V\VWHPV IRU '"12V )LJ

TLPH * TLPH + WKH ZRUNLQJ SULQFLSOH RI DGDSWLYH Y
J)LJ D &RQJHVWLRQ E QR:.YROWDJH YLRODWLRQ 3
9ROWDJH SX %UDQFK FXUUHQW $

21L[HG D EF
&ODVV i)OLVWULEXWHG

UHIJXODWILREQHUDWLRQ
/ \ 4\L[HG

/ \ $GDSWLYH PRGYOH
IX]]\ ORJLF
/ 4 bGDSWHG 3 4 FRQWURO RU 3 9 FRQWURO "
. 9PDBGHVLUHG RU PLQEB PrMkWidG *
/ \ 9BGHVLUHG YDULHG DGDSWLYHO\

)LJ 3ULQFLSH RI DGDSWLYH FRQWURO
7LPH + 7LPH +

)LJ D &DVH 9ROWDJH YLRODWLRQ 3PD] 0: E &DVH 2YHU ORDG
3PD] 0:

)L 'HWHUPLQDWLRQ RI YROWDJH VHWSRLQW E\ IX

7R GHPRQVWUDWH WKLV DGDSWLYH FR
LJ 5DQGRP YDULDWL RBRZHU IORZ R &%)%XH&H) QHVVZRUN SRZHUHG E\ D WU
) S RexFwirg Y Q NE"V7KUHH 39 SRZHU V\VWHPV DUH

QHWZRUN )LJ
09 1HWZRUN

J)LJ 9ROWDJH YDULDWLRQ@ ZRWKHOYDULDWLRQ ZLWK
UDQGRPYDULDWLRQRUBQ@MPBWWLDWLRQRI39DM/EXV
&DVH &DVH S

T T .
8VLQJ ORQWH &DUOR VLPXODWLRQ I\—;K
ORDG DQG 39 JHQHUDWLRQ )LJ IRU 39 JHQHUD

YDULDWLRQ RI SRZHU IORZ RQ WKH WUDQVIRUPHU DQ»JA £ 3

WKH YROWDJH YDULDWLRQ )LJ DQG ORVYV YDULDWLRQ R
QHWZRUN DUH REVHUYHG )RU WKHVHWLY L®XDDWMULR QWL R QV&HIZHR UD W HW K RKUHH
SUREOHP IRU FRQJHVWLRQ RU YROWDJH YLRODWLRQ EHFDXVH WKH 39

SURGXFWLRQV DUH LQIHULRU WR 0:LWEB 3 PIDEOO VLW FRQWURO WKHUH DU
SX LQ FDVH Rl VWURQJ LUUDGLDWI
9 '$37.9( 92/7$+821752/ XQGHUYROWDJHV LQIHULRU WR SX LQ

%D& VKRZV WKH DFWLYH DQG UHI
7KH FRQQHFWLRQ RI 39 V\VWHPé/Q WHPXYVALWROYKIHNE 4 FRQWURO )L.

IOXFWXDWLRQ LQ WKH QHWZRUN :LWKyg FwiRDVX LB oF QWP 1RO DF KLY /D Vv
SRZHUV HTXDO WR JHUR WKHUH DUH RYHUYROWDJHV VXSHULRU WR SX

/19 RU SX 09 LQ FDVH RI VWURQJ LUUDGLDWLRQ DQG OLJKW
ORDG DQG XQGHUYROWDJHV LQIHULRU WR SX /9 RU S X
09 LQ FDVH RI KHDY\ ORDG DQG QR VXQ ,Q WKHVH VFHQDULRV WKH



LWKRXWSROWDIH &RQWURO L snouon asoWkKH YROWDJH EHWZHHQ WKH SKDVHV R
“iz] DSSHDUDQFH RI D FXUUHQW LQ WKH QHX

7 JHQHUDWH RYHUKHDWLQJ RI URWDWLQJ

\( \ DQG DGGLWLRQDO ORVVHYV

7R FRSH ZLWK WKLV SKHQRPHQRQ D Q

1 WR SHUPLW WKH UHGXFWLRQ RI WKH UD}

N — QHWZRUN E\ XVLQJ WKH VHUYLFHV SURY

YLJ 3RZHU YDULDWLRELRI 3B0WDJH YDUuLDWR K BWHU 6LIJQLILFDQW LPEDODQFHYV F
VIVWHPV ZLWK WKH 3 4/ PRQMPVRDL W K WKHG&XU WESRHOULRGY RI VWURQJ LUUDGLDWL

9ROWDJH S

3RZHU 0: 09%5

o (LWK $GDSWLYH 9ROWDIH &R wURWKSGDSWLI 9ROWDJH &RN"@E DOD Q FH UDWH FD Q H [F HHG ZLW |

§'| : z :53 LOWHOOLJHQW FRQWURO WKH XQEDODRQI

s . 3 é )LJ VKRZV WKH YROWDJH XQEDODQFH

> ° ) FRQWURO RYHU 3 4 FRQWURO

z > AT 7KH REWDLQHG UHVXOWV VKRZ WKH SH

€ = | VROXWLRQ LQ UHGXFLQJ WKH YROWDJH

o . SKDVH ORDGV WRWDO RI N: DQG
owbJH YDULDSW RS RVHG PHWKRG N:K SHU GD\ RU
e e Win S SRS 2 il UmloH SDIR SRARING FIBGQU Ertb U H G X F H G

'LWK WKH SURSRVHG DGDSWLYH YROWDJH FRQWURO VROXWLRQ DOO 39
VI\VWHPV SDUWLFLSDWH WR ORFDOO\ FRQWURO YROWDJH ZLWKRXW
FRPPXQLFDWLRQ 7KH\ FDQ DEVRUE UHDFWLYH SRZHU WR UHGXFH

RYHUYROWDJHV )LJ ‘XULQJ WKH SHDN ORDG 39 V\WWHPYV
SURYLGH UHDFWLYH SRZHU WR PDLQWDLQ D KLJK OHYHO RI YROWDJH LQ
RUGHU WR UHGXFH ORVVHV )LJ )LJ VKRZV WKH YROWDJH

YDULDWLRQ IRU DOO QRGHV LQ WKH QHWZRUN )RU WKLV VROXWLRQ DOO
YROWDJHY DUH PDLOQWDLQHG LQ DGPLVVLEOH OLPLWYV

9 (38&,1*92/73$*(81%$/$1&B$7( :,7+ 129(/
&21752/ 675$7(*< )25 783®6B9,19(57(5

7KH PDMRULW\ RI 39 VI\VWHPY FRQQHFWHG WR /9 QHWZRUNV DUH
JHQHUDOO\ LQ VLQJOH SKDVH LQYHUWHUY 7KH GLVWULEXWLRQ RI WKHVH
LQYHUWHUY RQ WKH WKUHH SKDVHV RI WKH QHWZRUN LV QRW KRPRJHQRXYV
7KH GLVWULEXWLRQ RI VLQJOH SKDVH ORDGY RQ WKH WKUHH SKDVHV RI WKH
QHWZRUN LV DOVR KRPRJHQHRXV L@L\éRS\w@JHFMwDaMQka.EmwQG ZLWK LQ

YROWDJH XQEDODQFHYVY EHWZHHQ WKH_ WKUH
KH SURSRVHG PHWKRG DOORZV WKH U

i WKH YROWDJH LQYHUVH FRPSRQHQW
XQEDODQFH UDWH DPRQJ WKH WKUHH

+ WKH FXUUHQW IORZLQJ LQ WKH QHXW!

+ $GGLWLRQDO ORVVHVY RQ WKH QHWZR

9, $B/75,/(7+528%+ &21752/ &$3%%,/,7< ,1
67%$%,/,7< 2),6081" 1(7:25.

7KH KLJK SHQHWUDWLRQ RI SKRWRYRO
JULG PD\ FDXVH WKH VWDELOLW\ SUREOF
YROWDJH VDJ 39 VA\VWHPV ZLWK D FOD\
OLPLWYV RI YROWDJH DQG IUHTXHQF\ PI
QHWZRUN 7KH ORVV RI DQ LPSRUWDQW
WKLV QHWZRUN PD\ OHDG WR SHUWXUL
DQJXODU IUHTXHQF\ DQG YROWDJH ,Q R
WKH VROXWLRQV RI XVLQJ )DXOW 5LGF
VWUDWHJI\ LV SURSRVHG IRU DOO 39 LQY!

7KH SURSRVHG VROXWLRQ LV LQYHVWL.

J)LJ /9 GLVWULEXWHG QHWZRUN zLwK Y4 G XKDGHORXSH ,vODQG )UDQFH )

,QGHHG D /9 GLVWULEXWLRQ QHWZRUN PD\ SUHVHQW H J )LJ
XQGHU FHUWDLQ FRQGLWLRQV VLWXDWLRQV Rl XQEDODQFH EHWZHHQ
SKDVHV JHQHUDWHG E\ WKH VLQJOH SKDVH ORDGV 7KLV XQEDODQFH RI




7LPH V

J)LJ 5RWRU DQJOH YDULDWLRQ IRU DQG |
DQG ZLWK SURSRVHG VROXWLRQV

L3 VRODWHG JULG RI *XDGHORXSH, \y/i\ WKH SURSRVHG VROXWLRQV XVLQ

)LJ JUHTXHQF\ YDULDWLRQ IRU

7LPH V

DQG

SURSRVHG VROXWLRQV

JULG LV DOZD\V VWDEOH IRU GLIITHUHQW
RI' 39 )LJ WR )LJ ,Q JHQHUDO
VROXWLRQ DOORZV XV WR LQFUHDVH WK

9,, +37292/7%$,82'8&7,2%$6626,$7(' :,7+
6725%$*(62/87,216

,Q D FRQWH[W ZKHUH UHQHZDEOH HQH!
VRODU RULJLQ KDYH ORZ SUHGLFWDELO
VWURQJ YDULDELOLW\ WKHLU PDVVLYH L
PD\ FDXVH LQVWDELOLWLHYV IRU WKHVH
HQHUJ\ V\VWHPV LV D SURPLVLQJ VRO.:
SUREOHPV +RZHYHU KLJK FDSLWDO LQ)Y
FRQVWLWXWHY D PDMRU REVWDFOH WR
EDWWHU\ HQHUJ\ VWRUDJH V\VWHPV D\
LQWHALBWILR R WREQUHRIZDEOH HQHU I
HOHFWULFLW\ JUL 7KH DYDLODELOLW\
ODUJH VFDOH FRVW ZLOO WKHUHIRUH EH

)LJ VKRZV WKH IUHTXHQF\ YDULWWHRIQYFUG DXDGHCRNMBHWILDNMKLRQ RI UH

WKH SHQHWUDWLRQ UDWH RI

39 DPRAXWELOLW\ RIIBHPDQG

UHVSHFWLYHO\ 6KRUW FLUFXLW RFFXQVWKWVWVHFWVRQ@LWHK FRQPWLGHU WKH
GXUDWLRQ ZLWK DQG ZLWKRXW )57 6 REWMHBOHQW UDWWWR UDHHF DWW HPD Q(6¢
SURWHFWLRQ :LWKRXW )57 VROXW LERMR ULDH HF& B WHLPF D3o( &6) RWRH BWR /R YW & WM
JULG LV XQVWDEOH DQG WKH PD[LPDO SHQ@QHWUDWLRQ UDWH RI 39 LQ WKLYV

JULG LV OLPLWHG DERXW

J)LJ 9ROWDJH YDULDWLRQ IRU
ZLWK SURSRVHG VROXWLRQV

7LPH V

DQG

| ----- )UHTXHQF\ZLWKRXV[ RRQWURO +]
[——)UHTXHQF\ ZLWK FRQWORO ]

™.

.Y e ' o,
7 A

7

-

JUHTXHQF\ +]

7LPH V

=

Loy
Ay v

W/ ,/M

)O\ZKHHO 3RZHU
F

7LPH V

J)LJ JUHTXHQF\ YDULDWLRQ ZLWK DQG ZLWKRXW
JO\ZKHHO 3RZHU E LQ FDVH RI FKDQJH RI 39 SURG

R1)ROUS MRIKIMY DYWL B 8 RVWKRBYW RAYQODQGHG JUL
VLPXODWRU LQ RUGHU WR WHVW LWV DE
YROWDJH IUHTXHQF\ UHIJXODWLRQ DQG



)(66 LV WKHQ FRQQHFWHG WR WKH JUQW U REBKEWE L QQHW R PDIQGD 1 QPHOM D RQ G
WKH JULG WKH IO\ZKHHO V\VWHP LV7RRUHIRU HO HW¥ LDE G S\HRJ VIR RR VKU RVKRHV H
IUHTXHQF\ WKH YROWDJH DQG WKHVXERHRWXRWLRGDFW DVVKRYNFHQW RI 3
WKH TUHTXHQF\ YDULDWLRQ ZLWK RO WDHIWKRRUWURO DRG39(§E&VWHPV UHC
SRZHU RXWSXW VWDELOLW\ RI DQ LVODQGHG JULG ZLWK |
$QRWKHU VROXWLRQ LQ FRQVLGHUWHELR HLUVJ\E\PWN\UUJJ\HHW\)VWV DedLHp X ¢

VIVWHP %(66 DVVRFLDWHG WR SKR \BX \4v||p|luﬁ_| \ﬁz\ﬁﬁhébgﬁ#@\{yb GHU \
39 > @ )LJ VKRZV RQH GD\ Sy 7KLYV SDSH!

WZR (66V DQG D 39 SRZHU SODQW LE

QHW PDUNHW ELGV LQ WKH GD\ DKH Vyel %%\II__I(?II\QVI
UHVHUYH PDUNHW 5HYV 7TRS FXU
ERWWRP TXDUWHU KRXUO\ HQHUJ\ % \%% ILIBB[I-'F& RU
PLQLPDO UHVHUYH DPRXQW FRQVWU

$FNQRZOHGJIJHPHQW

7KLV ZRUN LV VXSSRUWHG E\ WKH (XURSHDQ &RPPX
JUDPHZRUN 3URJUDPPH XQGHU WKH SURMHFW 81,7(' *5,

;s O(5(1&(6

@KWWSV HQ ZLNLSHGLD RUJ ZLNL 6RODUBSRZHU

> @3$5$',6( $15 33URMH&W5*(@$15 KLJK SHQHWUDW
Rl UHQHZDEOH HQHUJ\ UHVRXUFHV LQWR JULG 2

> @,1 9'( SI$XWRPDWLF GLVFRQQHFWLRQ ¢
JHQHUDWRU DQG WKH SXEOLF ORZ YROWDJH JU|

> @((( WG 3.((( 5SHFRPPHQGHG 3UDFWLFH IF
RI 3KRWRYROWDLF 39 6\WWHPV’" $SULO

> @8/ 3 QYHUWHU FRQYHUWHUV DQG FRQWUR

)LJ 2QH GD\ SURGXFWLRQ VFKHGXOH RI WZR (6§\? BVMNHEY 7 Hu sopow LQ D
9LUWXDO 3RZHU 30DOW > @, ((( G S6WDQGDUG IRU ,QWHUFRQQHFWL
ZLWK (OHFWULF 3RZHU 6\WWHPV ~

3

7KH RSWLPLIDWLRQ RI WKH GLVSBYHR §iFK @Hﬁéy W ERRR Y rOWDLe Le
HPSOR\HG LQ WKH SDVW WR DLG WKF@(Vb.]llZQQ(d%l (% (6 6 & O Q6w VKB v GARLY H Q VWD 00
GRZQ FDSLWDO H[SHQGLWXUHV E\ OLPDWBQGPHNP@H( WLpY W PKDSX© BILE  GEHDGA WAL E X W
FDSDFLW\ WR WKH PLQLPXP UHTXLEJl@ KHHPESYRE D WA RN F Wy WR WKH
RSWLPL]HG RSHUDWLRQ VWUDWHJ\ >LV 4WFBF UH G XEH 4 H S ORERPHQW7 1 E
FRVWV IRU WKH EDWWHULHV E\ DGDSWt;QvaWL W DIW bl Bb WA IR U IDWQ 6Q S/R 2t W
VROLFLWDWLRQ WR DFKLHYH PLQLPQLC%qI;lG &QQDHw\El_R@iH TR vi\j/ﬁ&v HQ G@HQ 500
VLPSOLILHG PRGHO IRU ERWK FDOH FO L
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