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c) Shared balancing responsibility model
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d) Common TSO-DSO AS market model
% 2.2.2-5 Common TSO-DSO AS market model D NE

EERMEMBERMDY V—RAOEAZRRICL-HBHIGENFET . TSO

& DSO ORMALTIEDEEICEX £ D BERMAOHMNETHIEEE IO+

RIHEBEN, UTD2 2DOBRREAEZ DN B,

(1)centralized variant : BEEEZRBKAIDOFIK L EERKAOH B LFEESH, BE—
NHRBELTOELANETEND

(2)decentralized variant : A— AL ZRFEDOHFEZRRET HRDOO—HILTIHZE
DSONEEL, ZBERMICEMSINIZ) V—REXNRET S TSONEET
BTSN —H—ERAMGZLEOYRYT S, COBR, O—HILRKEDH
NERRT DEHICRERY ) 12— 3 UATHIEBMEIEZ 5N

TSO & DSO & TSO-DSO #ti@ 5 (centralized variant) DEE Z#H#RTIT5,
—7 T, TSO & DSO (2 DDEK 55 (decentralized variant) D&%
T7oOrTY ML EARTEEZL D, TSOXXERMEBEETRHOTED Y vV
— AT o) —H—ERXEZRET S, TSO-DSO #i@Ei5E (centralized
variant) Tl&, 7V —2ENE=FICLHEELEIVYIRON S,

TSO ™

=&

TSO & DSO 1% TSO-DSO #i@ 5 (centralized variant) M:EE ZH#R TIT 5,
DE[ONNIN —75, TSO & DSO 12 DD &S iE (decentralized variant) D&#EHIGET

PN ) R Ty ML HERTEEEH D, DSO £ TSO LE#E L TRERMMNLD D
LE¥2EY T EERTHEICHS,

so/Mo | D)
(TS0) ' Flexible resource @ HV Role (Actor) @
P N (Flexibility owner)

[ \ Centralized market

| Vo '
: [‘ Local market \

o i |
\if omssee- »;) | Coordinated market | )
) 7 Aggregator DER @ MV .-

g (CMP) (DER owner) Pre-defined profile
SO/MO exchange
(DsS0) @ Aggregation
DER @ LV Market bids *-eeee
(DER owner)
Pre-qualification firenga

2.2.2-5 Common TSO-DSO AS market model DA A —
HIAT) STk [5]

- 1222 -



e) Integrated flexibility market model
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DG MRSV REEZBZ D Z &% DSO IIHET 5L DD, DSO A% TE
HLTWRWED, BE LR, ZOGEICHENN T IZORNHEET 4 —Z I
WREINZY Y—2ZART T ) —H—E 2% TSO [T 5 & ZFHK Eo
MR Z 2 ATREED D D, TSO ~DRENFAIRETHIUL, ZUTH 70D
OMFAT BEICHRISGEER T D XL 5, BET D,

B, BINOBEIZT= gL X—HRN 7 T o AN KO EEETESEN H - T, BRI
FELRWTr— A b3 D728, EERITIE DSO 723, /X0 7 Wil i s OHI R & @+~ & 4eiT,
TSO 7217 T2 <, =R LX—HiFbadHtEx 65,

() Power Potential 7R x4 b0 T&D E#EE T/LIO
TuYx/ FOFEMIEERE T 5,

Power Potential 7’2 =7 M, XERMIEHE (TSO) T 5 national grid &, = R
EEteA V77 R A MG Y 7 & T HEEF £ (DSO') @ UK Power Networks (2
&% TSO-DSO HHEIZARDIRVMATH Y, RSB/ KEDEFEEDBEAN LA 7T
R HEBIZF 1T 5 & 572 %5 DER O RILK L, DER O E )i ORI % B9 & LT
W52,

HEOFEILIE, TSO TH 5 national grid 73 DSO T# 5 UK Power Networks (2 _FFe 3 fli$H
DWFNPDOY—EZADY 7 =X M ZEHT 5, U 7 =2 MILZELHEE D (MVar,
MW) TEHEN5, ZOHES%5%1F, UK Power Networks @ DERMS (Distributed Energy
Resource Management System) > 7 b7 =7 723, U7 X MESEMET S L 012, BER
BN HEfE 4L TV 5% DER Ol & 2 it HIZE SV TR T 2, ORRIC, BlESRHT
ETHHFINEZ DRV E D IEENM TS, £D%, DERMS ([ZX - TR INZ%
DER DO filfEI45 45 % DER ~ & i%{59 5, DER [ZFEAEICEE SV CTHIAE 217V, national grid
NEF—EARREIND E NI AF— L RS TND, ZHH —HOFEA ¥ — A% X
22271277,

U KETIE, BLES¥EE1X DNO (Distribution Network Operator) & FEFR L TV 5728, AMEEF T, —
fi#)72 DSO & FET,

2 DSO |2 & 2 W E /TG OEE N e/ TG & LTI, SmartNet 7’12 ¥ =7 MIFEIT 5 b)’Local
AS market model”, ¢)”Shared balancing responsibility model”, d)”’Common TSO-DSO AS market model” 75 4
TixE 2,
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Real time:
nationa|grid National Grid receives
service at the

'
.

'

1 National Grid to instruct the service 6 Transmission-Distribution :
MVAr Service interface. .

MW response N

per GSP '

'

* §

2 UK Power Networks' control room
receives instruction

$

The Power Potential Control

3 Power Potential Control Software will . Pgt::::g: 5 Software monitors if response
Software : produced is as required

Run power flow analysis to calculate ~ “ereeeessssssssssnaieesiinnniens

'
'

'

'

'

'

DER response to achieve service request N

'

0 Prevent that no distribution constraints  Instruction Service '
are being violated Response '
MVAR '

'

'

0 Instruct the DERs MW

Distributed Energy Resources (DER) DER change set point and ;
Aggregators produce service according to N
o » - 4 the Power Potential Control '
Qo Solution instruction X

-

'
1 “Some services might be either automatic dispatch or on bid basis
'

............................................................................

2.2.2-7 Power Potential 7O < x4 FDOFIEHR F+— L
HiFT)  SCHRL6]

FERAYIZIZ DER 3B E @ Availability (MWh <> Mvarh) & &%8% AfL4 25, Z D AFLIT
national grid O/NT v U Vi OR THEGPITONT E TR I X FB/NEL D KD
72 DER 3% kL&, %@ DER (Zxt L CHIBEIN T D TE L 7> T D,

(2) BRMDHEIIC & 585 (ENTSO-E,EDSO)

SE BRI OREEHFEEEFE OESHA L LTENTSO-E &, BEFREHOHEASHIEL L
T EDSO T T&D #HEIZBET 2 BET A ZHE T %,
(77) ENTSO-E M#&E"

2015 4= 11 H|Z ENTSO-E (European Network of transmission system operators for electricity :
R 25 5B R HE v b7 —2)3, CEDEC (The European Federation of Local Energy
Companies)*, EDSO (The European Distribution System Operators’ Association for Smart Grids :
MOMBLEE > AT DAL —HZ %), Eurelectric (BKMEXFEFHY) , GEODE (The voice
of local energy distributors across Europe)(di# 4 ¢, “General Guidelines for Reinforcing the
Cooperation between TSOs and DSOs” % %17 L 7z,

3Emm0Ejﬂsbl42@éﬁAﬁ#mmbtﬁ%ﬁﬁT%é ENTSO-E 737 jéh/2m9$®ﬁz%
WENTGEZIBICHEBET 2 Z L2 B9 EU O =IRIEZE (Third Legislative Package) |
ﬂfé’a%ﬁﬁﬁ?ﬁz bz,
4 CEDEC /X 1992 RI27 Y = » B /MICER YL SN BRFEE O ¥ RMIKET, EDSO X v &/ itk DSO %
O D 1500 L EDO = F N F—FEETHR SN TWD
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#22.2-7 ENTSO-E |2 X % TSO/DSO (23R B 5 sl - i it

TSO DSO

C BEREOEX 2 )T o O (B THREIICIE, REOREDZDHICTIE
WECGHIE, LFC 7 a7 T A, OECERENES SNTZBRIC, BEE T
EERMORMEEH, BEIR—F OMIC, DSO 1Tu—7h /L ToHMERIC
RES ) AT DL EbHY 5D, LoT,

Z DEED DSO D&% B 2 %~ &

- RROFHE L LT, TRNTNORMOLEERICEEEZFFOZ &, ThITIER
W DBRHEEIEDEBZ F e,

- NIRRT T 7 v D T —H e o T, THEBINE L Te— B A 1R,

BRAf AT © 2/ M S B

> BRI A M EFoMET 572, #ilg L)L T TSO/DSO & DT 217 5 .
> MHEKAEBE L GRESNZT Ve —F &3 CEfET 5 B ZHRFT 5,
> VIR E R T D72 D 5% 8.5 (TSO-DSO-DER) .

® Rt FIE

> RMMET 0T =7 NONHRZIT ANEZEINESE 5720, %E LB
WA CEH 7o —%&KkE(kL, #E L T DER O FHIEHREZVEDY 5,

> BLOWEHIRT LT Y —— R OEREEOERICOWTHET B,
> TSO/DSO A v & 7 = — A TREHE & T 5,

O LAT AFNL—va
> HHRET X ORMERED, FNET O EEOTFIEIC OV TEET D,
> MAOHBTFIE GR¥EE AL —FHDTiE) DERICOWTHET 2,
> MAETHICEITD Y T A A NMEMERFIE () oL+ 5,

AHEFEIL, TSO & DSO & DRV Y 258 572012, W 23 IE[F TITE) 4~ & fEik
ERETDHZEEHNE LA RT7A 2R LT 5D, TSO & DSO OB H )
5 TSO & DSO O&E| L HEMiEMENED HNTEY, MEHEAE%K 2.2.2-7 12757, TSO & DSO
L OB TR L AEROEFEZRD, a2 = —v g Y= a hadnwoiln s —4
BT 2 LWEIRFICOW T ROICHESELRETHIE L TWVD, OO AT —
T RNE ThAHEEOBHIYS R (NRA : National Regulatory Authorities) & FRINZE B2 HLY
MHIp_REZEHRLTND,
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(1) EDSO M#&&t#E
2015 4 5 H{Z EDSO (European Distribution System Operator’s Association : FKJHNELEE > A 7
LAFAR L —FHE)YDA~— 7V v REMRFT 527 /v —7(EDSO for Smart Grids) 73,
“European Distribution System Operators for Smart Grids — Coordination of transmission and
distribution system operators: a key step for the Energy Union—"% %17 L 7=,
EDSO for Smart Grids I[ZBKI 17 2°[E 34 OELESFEHED, A~v— Uy REEYa v
MOBLFEICEDET, BN TIEE L, EU OBFZERRFE & FERE, BURIS KON E OB 2 77
A R 51EEZ LT\ D,
TRTOMHEEHIZ L > TAMREZRIR Y FHBICZIRIIC B = R L X —2 2T L~BATT
HeOITIE, VAT LAV —ZBOER D8 EHENLETH L0, TDX IRV AT
LR —2 B TOMEEEE LD BV OIZ LT BEPEIZ DWW TIE, 3 TIZ SO
BRRBOIMEDTEY, AREBIUTEEE X TEMNL TN D,
® “Energy Regulation: bridge to 2025” (2014) {ZC, ACER [X TSO - DSO :## %5 /1 D
BRI IR IRICIANT T HE e AT v 7 & L TLEMN T T D

® The Energy Union Communication (2015) (ZH% 774 Okt x =2 U7 1 Z W\ LS8, BN
A DT R —THiG LA BERET RN —2 8 T SEL1DI, BNV AT A
FFEDMLENEZ IR L TV D

ARHEETIEDSO OB RN D, GHHI, e, VAT AARb—Tay, T
BZDUW T, TSO - DSO; #@M%ﬂik%h%h@?ﬁ I REIPFE S LTV D,

® TSO & DSOIZHOWTIL, Y AT AjtilizLF THEE L, ThEhORMICHERT D

2—PERERT D, EVIKERT —FE2ERL, T KM HN N T — X E
TN, T—H 77—~y b, aAla=f—rar, Fa bhaVIOoOWTHETDIEN
ST EDBRINTND,

® DSOIZHOWTIEHNRHiRETY 7 VT —2ThY, WET —ZOIUE, 21 v F

77 ADEHELIT) LV o L T ERRINTND,
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PRPERE  BIRT X —T  BHY AT MIET HeE 5 #F, (2013)
RS BRTXLX—)T  BHVAT AREEMO -0 OB/ EES T
EVELY], (2017)
BRI HEERE RS« 28 26 RUACRTEMZ B S EE, (2017)
RFEEREYE ERTXVF—T  BAEMRET R LT —REGA - KEREIR Y MU
—7/NEE= hFEH), (2018)

Smart net “Basic schemes for TSO-DSO coordination and ancillary services
provision” (2016)
National grid, “Power Potential presentation LLCNI conference 2017”

ENTSO-E, CEDEC, EDSO, GEODE: “General Guidelines for Reinforcing the
Cooperation between TSOs and DSOs”, (2015)
EDSO: “European Distribution System Operators for Smart Grids —Coordination
of transmission and distribution system operators: a key step for the Energy Union
—(2015)
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23 F&EH

ARETIE, KA A (2050 FFEZRE) (IZHEE SN D BT REAECEE R OME
Y, EWNAOBCEZE ORI OV TR « EH A2 Ehe L 72,

W& AR PV EABOE T, ke IRICHEESRS PVEAESLAMEND PV E
AROREE FEM LTz, ZOREE, AFEICBWO THREGS & 25 k2 T, iy
TIZE-T, MESND PVEAEN10GE2 B2 5 EELHHZ N L, 561
7] U R AT HUIR OB RIS TS, PVEAENZWVEERKL, AffEOD 722V EE
AT ERE 2 IR EE SN A T, PV EARET 5~15 FREOREME b HoE S
D EDNHEREINT, TOROREEOHRFTIBWTIL, 2.1 HIlZ THEE L7z PVEAERL
BEZ, VIalb—va VTR ERNBREEIMOBER EEEZETHZ L & L,

77, WaxRORERFEOREEIETIE, [ 1R] TF & O mits R L B
ZALD S E D R4 WARELEE R OGN D, AFEICTCHERRHNERZ 2 &, KO
LBV LT,

- RN B 2 2 R85, 2B R BURD D DR
- R AR IR S 2 ECE AR BIMIC B3 2 304 - et

BB E M BLESR N G- 2 D BT OV CIE, SAECEOEEEIZBI 9 D HIE, 205 NS H
TR SIOMENCET DHENRELSEETLLEBZONL T LD, EHITEERM L
Bl EE R A O BIFRIEICES L C & ENA A @i 2 F0 4 L7z,

EANTIEBEN VAT AWESLCAARN T X7 F&~F—VEOBMICHER Lz, HA
TIE, BlERHD D OWR R A FRT 2 & ZHN b o0, Re T, EERKMS
EERROWTREEZ ZET 2 LERH T 2R LD TEH Y, 4% OBINIC S ER
LT LR D D,

FLESTIEHRINIZBW T r Y =7 R TREIN TS 5 50 TSO-DSO ##EET /L
WZOWTHREAFEMLTZ, 2D 5 SDOEHEET VICTRLIZEBY, HGEMAICE ST
bikc RERIERH Y, EERE~OHEELEHL L TS Z R TREND,
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PlbzlE 2, AEEICRBT 2 BRBRENAEZRK 2.3-1 0 LB VT2,

#%2.3-1 BARRRMETFIHE G 5 HE S

HARRI R IR BEET
FrilmERNC G 2 5 8%, SR BLR S OGS -
-+ EARBE A BIE L2 KBTS A AT HE B o FE R R R A
- ARIE PV BUREFTOIX 5O & 2B [E LMt 3
- IR FE R & 2 18 ) L 7o e
e $1- %5 LIRS MY ) o
2 WARITIARE S 2 BUE BANBH B B B3 2 a4 - e %5

LI, #EICTRHOFEMANRZ#]ET 5,
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FIE BIXRDELBLZBAMLKICET 2EIMNHELS T

AIEE CIcd B0, KRBV AT (LT, PV) BDRKEHEASNDHKES
25 E, WERNBHEDILTV DEIFERFOMK CIXE IR E AR5 2 L BRI D
EEZLND, TR 26~28 FEED 3 ERTIE, PV BAKEEA SN DR~ IR OEE R
DHDHLREREWALNCTHZIEEZHME LT, PVEAEZHINSE 57D BBl
FAAERANZ DN THET L C& 7o, BERO KL, ERhEFHEIEEOTEMH, 6.6kV 225
22kV ~DFE/RE, PVEAFRRER (RAT 47X v/ 0T 1) NS E L7000
IRRPR B — AR L, ERWIRRE & R TR & R L7,

— 5T, KEENAL — b LTFERL 26 FEERHCKT 1G22 e5 25 L, BUED PV
BABEOH X I3 TR TH Y 2030 FLIFED S 5705 PV OEANET Z & EE S
NTWo, o, B VXF—HIFROCETZ R X —HITOFRELE L <, FRIZKIT HELE
RIRD & H_NELEMFTT H12DITIE, ZHERZBLEN O OB LEIIR D EEZ LN

%
FZTCARETIE, 2 BIR LA 29~30 FEOFHBEDO H B, LITFD 3 BRIV THEDY
AT NEEZRRD,

1. FEBIEERM A ZIE Lo KGR EE AN TR & O BERBIRIE ST« BEERHA D
O B FE 28 s & Wi 3 2 ) B A fRAT - et

2. [REPVERGEAHOIZL S 2EBE LI . KEHRO PV x4 & LE A E
F/R4 —AZDNWTC, SEIERMAEDEESZEMIT L, mRAT 4 v 7 F ¥ 30T
A 53 AT E Rt

3. WRHAELERSRZTEM L7omat I, e iRE BiE Lz fato ¢, itk
FIEE O TR L7-gs7e & 205 L 72 I R ELFE RO et

3.1 HREERMEZRE L-ABARESAMREDEIMEHEL M

R a2 WROBLE RGO PV REEAZE 2 256, BIERK CHESNDENORE S
(&S TEIAN TR L 72D Z L NBEZDND, N 7 Wi & 2o T, BERHTD
EAETH DR SR OISR S R A JEFT 2 LIy, ZD—o& LTHRAE
R OPAREBOMENBESIND, EEMROZEEEENDRWVIGEIZTELERGED S O Wi
MARAT D &, BREA— L RDAREMENR DV, FERAVIZRIEERITIC S PV 23K &
HRIND ZEEBET D L, WERMPFRIRERMIC E DL D e KITd TREtE
WL afiid 2 Z LITEELRETH S, T TAHITIE, EXEROEEETT LO—
DT H L HIHAE AT T V2O TRRIRERMET V2B L, 2 E TOMRFTH
WIZBLERIEE T L Bfoe L, /N 7 Wi AN 5 X 9 72 PV AR ZIRE L7258 DK
SR D ZE E BT OV TG LTz,
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311 HAEERMKICERLEBERKETIL
BLFERA~ PV S REBEA SN BRO R @ R~ DO B 2 i3 5 7212 X 3.1.1-1
BLUOM8.1.1-2 10T REEFT A AER L, K3.1.1-11266kVZAHETHY, BEXED

(B REOIEREE T /L | R ST D -G£ 7 L T o—H &2 FIH LT\ %, 275
kV/66 kV ZZEATIC 66 kV EEMRNBEHE SN TE Y, §8 / — NTHRAE L7z, SEROMRE
EEHEIZOWTHRIKIZERH Lz, RO/, —RKi(1=i =8)oHFITlE, FBlEERER N
Rt SN TV DEIRH D, FIlEEFREZOERRICB T O2AENPiBID Qi %%k
31I1ICE LD, e, K3 L1I-1LITRTREDREA L E—F L A %FK 3.1.1-212F L
Oz,

#1 #2 #3
—
CV325,1.55km 3 T ¢s
275/66kV #4

100MVA —D—I—)
P+ 0Q,
'@‘ C'V325,0.5km

#5

3.1.1-1 BRUEEREET L

275/66kV |t —I
100MVA [TACSR610,2.86km
ACSR610,0.08km 46 47
TACSR610,2.86km TACSR610396km | P5 +@Q;
TACSR610.1.09km e
| Pg + Qg
ACSR410,0.08km

/=K EpaE v) | TOTAEA ) A ORAE
(MW) (Mvar)
3 66 20 4
4 66 0 0
5 66 244 4.6
7 66 0.3 0
8 66 2.3 0.4
9 6.6 16.1 3.1
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# 3.1.1-2 & ERMOMREE A o BE—H R

/) — FES Kt R(Q) VT 22 X(Q)
1-2 0 4.44312
2-3 0.0971 0.2065
2-4 0.0313 0.0666
2-5 0.1433 0.9975
2-6 0.1943 1.3499
6-7 0.1986 1.3809

(3.1.1-1 D/ — R 5 ITITMEBEBHEER N SN TEBY, /— 85 LU FORkiER % X
3.1.1-2 [ZEH L T 5, CERiicii#i SN T a7 LTl — R 521X 3 &
LRT (Load Ratio control Transformer) 3t S LTV 5,

O ® ® ®
O O/ o O O O
O QA O O O
O O O O O O
45 4 SVRI1
‘ 1018 22 27 SVR
O ® (o) ® ® () @,
66/6.6kV O O O O 32 454651 56 A 65 1 74
Ps + Qs +0 QO O O O SVR2 O O O PV
O\ O O\ O © @© ® ©
O O O

@ MV load (75kVA) O LV load (22.5kVA)
Al 400sq == Al 200sq Al 58sq —— Al 25sq

X 3.1.1-2 BLESRFHEET L

ARFTIE 1 HOR%E LRT & L THREEL, 550 O 2 BICER ST S ELERAEIC DN

TITAamEZETRET 2 THE L, 250 2 50 LRT IZIEE 16 7 ¢ — & OFLEH
DR SN TNWDLZ EEME L, £72, LRTO 2KRMTHD /— R 9Zix 11 74 —4
MEHEINTND ZEZME LR, 1 74 —F ORIK 3.1.1-2 1T K D ITFEMICHEE L,
VD10 7 4 —HIZOWTTAMAZEFRET D 2 & T L=, EPERE LIZARDOE
FIFIZBT 2% & /1% 3.1 11 IZffRe LT b, F£72¥ 8.1.1-2 IR T
BET L H26~28 FEE DB THW-ET AL DO—2>TH Y, #HA 400 sq, PV DR
23 200 sq I KBMELENTET L TH D,
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3.1.1-2 [ORTEEBRKEETT LV OEET LRT LEERICEESNLTWHS 3 5D SVR
(Step Voltage Regulator)!Z L W SN TV D, WiE & &I AN O E DS ARG % i
THELGEILH vy T eIV Z, BEZFEST D, RIS v 7 E) 0 i x OEERFIRIZALE
AEBINCEWVZEELSERET D2 ENL0DOT, IEEZRET HIEEZ LRT, SVRI,
SVR2, SVR3 & L7z,

KIGIEFHE Y AT AEK 3.1.1-2 IR TELFER RO KM FHIICHER SN TV D FHEEE L
7o F72K 3.1.1-1 FUCEF AN & U O L7-BLERNSE 26 7 0 — X HET DN, Th
E@M%ﬁ LRGN E AT LADRERIND Z EEME Lz, EARITK 3.1.1-2 O
ERAER LT b D LRI TH S,

I31r3¢ﬁﬁkamﬁ®ﬁWWM%%¢ FIBNRT L DI 1R Z &I T 5
T =2 Th U HEEIERITS T 2 EEZ R, K 3.1.1-1 BLOK 3.1.1-2 [T TR TDOHAR
EPVAK3.1.1-3 12T L 9 I LT 2 H24E LT, 7o ds, AR ORI bIZCRk(2] %,
PV OFEZE{kiZ NEDO @ B § &5 — % _X— A& A7 5 METPV-11 % &5 /B L
7=

120

—&—Load ratio

100

ratio[ %6]
[} oo}
(= (=

o
)

1 11 21
hour[h]

3.1.1-3 ANIHEES & PV H 1 OREZ1L,

312 PVAEEBAIZKIBHEERMADEE
(1) EEDFH~DFE

(] 3.1.2-1 B LV 3.1.2-2 12, ZNEIVFRIREIERF TH D 66 kV Riftds L ORELERH
T D 6.6kV RHOET /A0 27, RKITRFL 12 FFOFEERTHY, 1 74— X HT-
DO PVEAENO0, 1, 2, 3BLW3.9 MW THLIHADOHEMEEELLL TS, X
3.1.2-1 05 66 kV A DOBEIEEZ A D L, PVOEAEN OMW OBAOBELY H 1 MW
DGAEDH N EF LTS, LIRS, 2MW 725 1MW OBAELY HIETFLT
Wb, £ 2 MW 2Bz 5 L SHIZEETE T LTS, 24U PVEAEOHINIZHE D
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BEK TS THY, BH-BEMBREPV H—7) &< LB RT X I ICEBEMET
THIEEBMAT L LN TE D, PVEHARELZ 4.0MW &3 2 LRI L7220 »
oo PVNAO—T70O ) —RbiZzifiz 5 PVEAREIIR -T2 EHEHTX S,

3.1.2-2 12 6.6 kV RFEDOELESHi% 1~ LTV D28, PVEAEOENNIZ U TLRT <
SVR 3% v 7G]0 TWHD T, PVEARICKTHEEORE 1L 66 kV Zftd L
INZFH &V & L2 DO TIEAR,

66200
66000 - i ——O0MW  —=—1MW

65800 -

65600 -

65400 -

Voltage[ V]

65200 -

65000 -

64800 -

64600 . T | |
0 2 4 6 8

node number

X 3.1.2-1 KB EEREOBLE DA (12 FF)
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—— MW - 1IMW —— 2MW ——3MW —+—3.9MW

6350 T T T
0 20 40 60 80

node number
X 3.1.2-2 FEERHDOBIL/NAM (12 HF)

(2) RBER~DEZE

¥ 8.1.2-3 BL UMK 3.1.2-4 |2, TNEH 66 kV Affids L 6.6 kV BLERHEDER /A
Zon LTz, FIRIEEZ 12 FEOFERERTH Y, PVEAENO, 1, 2, 3BLN3IMW T
HHGEAEERLTWDS, K 3.1.2-3 05 66 kV ZEDOEIRE L5 & 2-5 /— RREITIX 0,
0.5, 1 MW L ABZIC LG AICEBRITED LTWD, —F, SLICEARZHEPLL
722, 8, 3.9MW OLEITEMAHIML TV D,

F72[ 3.1.2-4 ® 6.6kV ELERFICOWTITEEES 0 OEREZ R LTV D, PV OEAR
P2 HIZONT PV Z38 A LTV DR CITBRSHEIMN L W<, 7B/ di#R T
120 MW S ARHIATE T30 OB CTH- =Dk L, 0.5 MW L ARHE V 2R iy, =
NUBRIIAER ER 0 Ot 72> T b,

UL EOFERERD S PV B AROENN L TN 7 RS IAE L, 66KV EEMRO—
HICERDHBAL TVDZ ENYNoTe, 2D &%, EEBROARBEOBSNS BT
L EEZT, ) — R i jEOBRBAREE Inaxi, WAt HEIZ K OSSR ERE T
EFUE, /— Ri-jHOBROBE Li TR TRIND,
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800
700 -
600 -
!—|500 N
=
5 400 -
=
=
© 300 -
200 -
100

1-2 23 24 2-5 26 6-7 6-8
branch
X 3.1.2-3  FEBIEIERMMOEIA (12 IF)

—— O0MW —=—0.5MW —+—1MW
——2MW ——3MW —+—3.9MW

[} 3.1.2-4 BERKOEBERSAM (12 )
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It,ij :Imax,ij _Ic,ij (1)

BILDOWED Ly TH DFHIEERKD / — N 1 jEIZ PV 28 AT 2546, MEOTFE
Bt e A —/3— LRV A R P lFRATRE S 51D,

B,ij = \/erated] (2)

2/

22T Veated IZERBEETH Y, FHlEERMKDOL AL 66KV ThHDH, 1 7 4 —FHi2l
O PVEAEEZ 020D 3.9MW £ TOHIPH T 0.1 kW %A TE X Tt HE 2 EiE L, Rl
12BFD T #EH L, Py Z2EH LT,

3.1.25 X1 7 4 —XH-0ITEANT D PV & & &R @ RFICBIE A RTREZ: PV
KEOMGREZ ELHTEY, BERFK DO NHHK 3.1.1-1 O/ — K 2-5 WA
FEREME S THER LD THD, X 38.1.25 005, 1 7 4 —FH7- 0 O PV EAE) 0 MW
OIS 2 L&, FIEERFRIEMNER TE 5 PVARLMNT 5, 24 6.6 kV EilE
FAENNC e S 4L72 PV BRIRHN O AR ~E ) 2T 2720, 66 kV Lt b 6.6 kV
RSO, FERE L CGBIERATREESE X 72720 Th 5,

120

0 I I I
0 1 2 3 4

Introduced PV per 1fider[ MW]

X 3.1.2-5 BlERKOEBER DA (12 )
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EHIZ1 7 4 —F bz PVEARLHLT &, IBIEAAREEIIHA L7220, Bl
TV D, 2L 6.6 KVEERENOTIHL TS 2K L THBY, WiRs 72T
IBINESR FTRE BN LTER R TH D,

R BOBLAE DD D, G ERFICBM TPV #EAT A Z LR TEXRNEH 72
BlEERHD PVEARZRODLZ L &2F 27, ¥3.1.2- 5 T, PVEAEHIMIHEN ) —
R 2-5 R H TR U, PV EARREEIXRD T 5, F 7[R Tl 4 MW K
D PVEABIZOWTEHEH L TWD2, 4 MW LLED PV A B2k L Ot 28 L
ol =bTh b, ZIVUIEESRF D OGRS P-V h—7 D ) — A& B2 7272
EEZLND,

(3) TDtDFE
(a) EEBETHRR

ARFHCBWTE 7 4 —FIZ PV & 4.0 MW A2 LlHESEOR L2 »72, =
AT PV IR OEINC L 0, PV I —T7 D) — R BE L2720 ThDH L EZ N5,
DL EERTDHIEOIZ, K3.1.26 X PVEARL PVERSTHDL /) — K72 DFE
JEE OREfRE R LTz,

X 3.1.2-6 ® LRT+SVR O/ — A%, X 3.1.1-1 £X 3.1.1-2 IR LT RAMET VLD
FHEMERTH D, LRT BLXOSVR Y v TYHREIMEN B 572, PV EARICKT S/
— R T2 OEEOECITEMETH D, Z ORI Z gL T 572012, LRT DA%k
Licr—2A, SVR OZZHEH Licr—A, g & bIC#H LR — X Ot H 2800
THEML, K 3.1.2-6 ITHREIF L, W& E bITEA LR —A0b, PV EARED
BINCE> T, IXUDBEIZERTIN, TOREKTICEEL TWD, S5 PVEARLZH
MEEDE PV I—T7 O — X8, —RAZ2RH R T LV ez kD 5
ZriIETER,

(b) EEFDEBE

ZZETORGND, K 3.1.1-2 1R LIZEERHKET VORT 4 —FIZEANTSH PV O
RESZE-TUE, N7 WS RAET D Z L&/ L7205, LRT AEMOEEE L O
FRICOWTIIER L Cilig 2D T2, 22 TR LRT BESROESRE L PVEAR LD
BRICOWTEE LT,

B4 3.1.2-7 1%, 38112 T RTEEMR 1 74 —FITHEATDHPVEARLE T 1 —HiEH
N D HNET), BB X OKRHEE) L ofRE =T, AR, 1 714 —XIC
3.9MW @ PV #EALT=5E, 74— X EHOORMEIIL3.3MVA Tho, X 3.1.1-2
DETITIE, LRT AJESRICELERDN 11 7 4 —FEHR SN TVWL 2 E2MEL TV D, £
NEND 7 4 —ZEH O ORME SN 3.3 MVA Th 584, LRT 1213 36.3 MVA O R
e En s 2 & L7 %, 20 LRT B OERAEITURIIICE 5 & 20 MVA Th
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DDT, ERIIK LT 180 %2 2 mAMEIRKETH D L F R D,

7000

Voltage at Node72[ V]
Kd
(e
o

regulator

—+=-SVR
5000 -

—+—LRT
4500 -

——LRT+SVR
4000 . T T

0 1 2 3 4
introduced PV[MW]

3.1.2-6 PVIE A& L PV HIRAEE L ORMK
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o
1

|
I

(.}
l

\

|

3

[a—

Active Reactive, Apparent
power[ MW, MVar, MVA]
o

—=—Reactive
-2 - power[MVar]
——Apparent >
-3 7 power[ MVA]
-4
Introduced PV[MW]

% 3.1.2-7 BB 1 74 —FITEATHPVEARL 7 —XEHODOE & OB

¥ 3.1.1-2 DFET I/ TIFEAMK L TWAHR, /— K5 IZITEKEED 15MVA TH % LRT
KD 2 AREINTEBY, A LTEFERETLIETET VLTS, ZhbD
LRT ZEEZC b RCEMA BRI SN TWA Z L 2 ME L, 20 MVA @ LRT ZJE£%: & RO
BAEfTol2E 2 5A, EEMZIERBEOREN S LN,

(4) RRT AT X XN TAADEE
PV ZEERMICKELEA LT2GE, Flm Rt O X EMRECEL BN LB O LRT 4
JELRDOBK BB L RIET Z ENEEMCHA O N ool £ T, RAT 4 7 F 3
T 4 BT HBROSMEE LT, YR 26~28 fEE DOME T o 72 SR ICEL B R H D LRT
BEROBEELBZ RV EZBINLT, RAT A7 Xy T 4RO TEE L,
K 26~28 FEFEDORFT CTIX PVEARRAEZRTHEAT 4 VX ¥ 30T 4 ZLUT D%
()~ @) TR LT,
(1) 2 TOEEAR/ — FOBESEEFPANICHERF STV D,
(2) ETOMRBERPMES LICHESNEARREEB 20,
B) P-VAI—T7D ) —XWIE LR,
ZD=ZDOFRMEITNZ T, YLTFOFEM@EBMLT,
(4) LRT BJEOEMIEEICK LT 100% %8 2 7= BHRAF R0,
ZEQ), QBLV@DOTRCEMWMETHRARKO PVEARTHDIRAT 4 T X x0T 4
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&, AEERTICRE T LR @O B 2= RO PV S AR Z R L,
FBI2VIWIHRAT A T Hx " T4 2B LR EE LD, FRFXRTIE, K3.1.1-
2 DEERMET V& LT, Wik 26~28 FREICHRES LT B ILA O FEAR S — 2, BlEMR 42 K
BUL Lo r— A, BohE 28N Lo r— A, WaRAEZEH L7 — 2D 5 fEE
ERRICHRAT 4 T X U T 4 BRI LR E R LT,

#3.1.2-1 BEHEEHRON I REA—NRNEER LTZRAT 4 T X/ T 4

B ) (D~@) D %M (@)D T _RCTOSEM
PO SR
[MW] [MW] [MW]
AR — 2 0.3 4.0 0.3
KL 200 1.0 2.7 1.0
K#b 200+Var %k e 4.2 2.7 2.7
KL 400 4.0 2.6 2.6
KL 400+58 455 HF 5.0 2.7 2.7

# 3.1.2°1 1V, MRAMIC L o TIFRHF@ORHIN DR AT 4 T XX ST 4 HP/NE
DG EDRH D, FHIFMHED~B)T PV ZKERIZEATE S LM L7y —RIZBNT
BERBREDOFFNC IV RAT 4 TR v 0T 4 B> T %, SRIOFHETIE, BE
FROBAMHELR A TS 700 BIRE & LC, EAREICK LT 100% %8 2 72V Ml % & 2 TR
L7z, BRSO FMICEET 50, EEIIER M THIITR AN ERZ RO TV HEE
MBI, ZOREBETDEFMDICEDFTAT 4 T F v /0T 4 O IF/NEL
BRHELDEBZLND, o, HFERMOFM R SN0 AN 7 Wi & fENT 5 2 LT
ENERMHDICEDHRAT 4 T XX RO T 4 OWDEEMT D2 LN TE D, LERH
BENLTEGEDRAT 4 2 THX XU T f OBFHI DWW T, 4 BETHELIBRRD,

313 F&O

AREITIE, BRI KEIZ PV 2NEA SH 56 ORERIE LRI~ OB A BT/ &
B OWE G 6T Lic, FRCEERECREA L BT OLEROFEIZ OV
T, PVEAEPEINT 2 & Refll s EM ORI AR RA B2 T LE S alReth 4 E 'R LT,
FLBERTHRA~OHE L BERIFESOEBIZONTHIRR T, ARFHI LV ¥k
DELERHE~D PV R EE AR EERFIC b HEEZ KT L, FRHCRERIIEND Z &I
L OMBERRE L, BEBRBRE~OHENRKE N LERLE,
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& 30k

BRFEHMWE  [BHRMOEREE T L], # 754 =, pp.56-67 (1999)
BRIBFEME : BRI 2 IR L 2 Oxhii ), # 66 %, % 1% (2010)
A HEOEE - BT - BAT - AR KES < TECE SRS O HIE I AL & 580 FEIT
%)ﬂ%ﬁ‘é%é%&%)\@%%i“@%ﬂ‘ —Z0D 1 HARBEEROHIT—), BERFSEIH
fiit « EIRFHIF A RS ER, PE-12-064/PSE-16-084 (2016)
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32 EEPVERBROESDEEEBE LE-EXMFEI T

%B%‘%@ PV AR, RFCICHLR STz PV OFBCMEIIES S ENFEET D, AH
, WEFMHRES NPV OIXESZ 2 EE LT, RAT AT Fv /0T 4 OFk
TPVWﬁﬁméhidWDﬁﬁﬁ%#ﬁ%“%ﬁbto

321 SWMICERALETETIL
AEH ORI TIE, EITF 3.21-1 Bty —A2A0—ERUOEIRT 4 >DOET V7 —A
ZE L (1],
£ 3211 i —2AO—ERUHE

et r— = i SVR J8E. 23019 ) 110
Pk — 2 HY | - JEEE
Kb — A ERR A TR C 400 sq (S KHRE HY - Gy B
FETr— A R % 22 kV (ZHE 3L
Kb+ FEAr— 2 | #8% 22 kVIZHE L 400 sq l2 K8k | 72 L

17.6 km

28 42 52 61

W 66

6.6kV, 20MVA

D 65

X 3.2.1-1 PERZBHET IV

r[Q/km] = EHHQ - mm® /km] x 100 (32.1-1)
W A [mm?]
EIERRERKET VDR — 2 L 725 riﬂxﬁ%%ﬁoﬂ\focwné;!%,ﬂﬁ%wv
3.2 1-1 1T T, RIUF OBLERILE DI, FREEIEREDY 17.6 km &
F < RIS OBLEM N EDNRETH 5, $+n’~?<o>/~ R 1~23 £TIX200 sq, /—F
23~37 £ TIF 120 sq, /— F37T~43 FTIL 58 sq, /— F43~66 £TIL25 sq, IR

14T 25 sq DEMEHNTND EAEL, EIDITZENZ4 200 sq TO0.133 Q/km, 120
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sq T0.239 Q/km, 58 sq TO0.477 Q/km, 25 sq T1.150 Q/km & L7= [2], 400 sq D
FAICBAL TG 2. 1-1) T, TAIOHEOWPIFEEAHEH LT 0.071 £Q/km & L7z, K
G.2. I-DIFEBL L Wi fE DO BRE RS, VT 7 Z R L TR, #FEOEWN ’J:é'Nt
TN EWTD, BRSOV TERE I 0.4 Q/km & L7z, 22 kV ZRZERIERRIC
DEMRDA L E—F AL, HENSETRICHRIEO R E 2 H372< 6.6 kV LR LA
v— & A TRET LT, ﬁa*ﬁ@ TEIA I 400 sq TT704 A, 200 sq T370 A, 120 sq T
232 A, 58 sq T 148 A, 25 sq T90 A & L7=,

F72, K 3.2.1-1 FTORTRLTND /) — NEIEEERER)HZE L TV D EETE
Fw, HEATRL TS/ — N3tk EEESRCTRESZE L CWARIEFEZEZEEL T
Do BEFRERDOET MIOWTUIRICHAT 5, HEEERDOZ » 713 6.6 kV/105 V
&Lto% EEZOAMICONT, MEFEFIT1 /) — Y4720 75 kVA, REFBERIT 1

— K470 22.5 kVA E{RE LT,

1IE§E:ET/VT6;t PV 238 L CTO R WIS E IR E < BENBE T T 5, £2 T,
AFRETCIX SVR & W TR EECERRIZ DWW CEEBE 72 BBIESIE 21T 9 2 & Z2E L7z, SVR

REEECONT, K 3.2.1-2 Z#KICHIT 2, HEEER, (KER, sliARZEZ0
RIERM COBERE TILT VIAINIZZR D X ICRFF SR TWD =), 101 = 6 VOEEE
o5 LEEME 5 V, EEMEZ T V E72D X DIC SVR ORERE T2 RE L, ®IEMT
300 V EAPIZHL D B EARJEHEE T 5 VEINIZIN D 5 Z LK D, LI -> T, mIEMOE
JERE T % 300 VEAWNIZIND 5 72, BLEEMHZEBRT b DEER TR REA & Rz 102 V &
7R BB SVR 3% & L7z, D SVR DO REHICHOW T XA ETH D +1.5 %ZHH
L, 9 V&L7, £, FHROMFEILDIZD, ARFTTII SR OF v 7ilg% 150 V, H+E
Nz 2 B, SEANC 1 BROFHIEOHX v 2R THZEEINE L (1],

X, 4 SVR1  x,

p— 1 2
BEEAZEH
(LRT) —D—:—‘J—@—:—D— Load
zewE | ) 9V
eéoovi > XLRT R B %: SVRF B
300V
/ 9V MV EEBV)

I3212 SVR DR} B R
3. 2. 13 [ZKBMEET VR, PVIC K DEE LH 2T 57 O 2K % 400 sq
ICKBME LT — A Th 2, ?iéﬂ%%ﬁ‘ﬁ%rka FIREIZ 80D 3 ST SVR 782258 & LT
%o
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3.2.1-3 K#{LET N
3.2 14IWCHEET N ERT, AR —ALRDURETNVO—{% 22 kKVIZHEL

TR FHETr—ATh D, ERETNEDEL R Z LU FITRT, (AL, AMERITIERET
NETRIBETH B,

BB O EEERE I B2, FEERO ZRMEEL 6.6 kV b 22 kVITH

JET %

22 kV % 6.6 kVICPEET D= DICEELZ 3 ARiET D

BlEERE 2 AlloD 6.6 kV ELEMRICIFIERRRO b OZIEH L, /— N 1-2, 18-23, 41-

42 D 6.6 kVELEMRZIRE L CTIERARHE 3 0ElT 5

13.1 km

28 42 52

EEHE
22kvV/6.6kv o
EEE:
4 58 22kv/6.6kv
IMVA

22kV, 20MVA —0—2

ERR
22kV/6.6kV

53 57 62
O 54 63

55 64

Q 56 65

3.2.1-4 REEFNL

3. 2. 16 ([CHEAAFMEET V2R T, ZHUTFHEET /LD 22 #j1, 6.6 kV HEEO
EERARAE 400 sq AL L= b O TH S,

(EFERIR B R 7 VB E AR BRI T T LV OREFRES ) — FUTICHER SN S 2
EEEELR, 3.2 1-6 [T EF O FS 2R, BTk LA ERE Fo 2 #H# (7,
15) & 30 m AL 1 BRRISE0D 8 B DEEE SN S 72 5, b EZSIESHEER 50 kVA T, 1 1
T O X RBATA0.75 kVA T, 3FASHHE T30 T 22.5 kVA L7225, FhFhoA
Y E—F A, 50 kVA OFE EZSJEZST0.005 + j 0.0082 Q [2], KEAERITREI
B o LGRS 5 o D — T L% 30 m TS L REL 0,028 + 5 0.012 Q [3], (&
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FIAKRIZ 0. 0285 +3 0.0013 Q [2] & L7z, F£7=, mEMAEREMRIOENTIIR] % 1217 T
BY, KEROBHZITOBICIIN 3.2.16 D/ — R 1 OEFEEZ 1.0 p.u. EEETSH, i
K7 BRI E B SR E R o ROFA CTCEHE IND,

(e

22kV, 20MVA

22KV/6.6kV
10MVA

X 3.2.1-5 HAE+XBILET N

14 15 16

6 7 8

3.2.1-6 {KEMIET NV (—HE5)

322 EBEAICEASNDIRGAKENNZ—2IFUF

REOHBEBRFICB O UEREFEF T XTIV A —HICEA SN D DT TIEARY, 22
TABB TITEREBEEZIC PV MRV 2 b > TEASNZSHEORELITMT 57D
3.2.1 TRAAREMEE R OEIERIC PV NE(EL 1T SN D Z L 2E L, (EEM
TEZOPVEANRLZ = O F U A2 L, K 3. 2. 2-1 IR EE SR D KGR
BOBANY = Zm T, RO — RIEPV RSN TS/ — PV EA—F), AW
J = FRIIZPVEAIN TR —RPVIFEAN ) — ) THDH, BARY =TT
9 RE—MERL LTZ, PV & 5 T N TICA L7 Z — 2 287 —2 0, PV % 4 {HH#5C
BALTeRE =D B EEESRE T OMENZDOZ PV RABEA I TWVRNRY — %
B 1A B ESRE F U D 1O PV R A S CTUVRWRE — 2 B R F — 2 2,
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PV % 3 HHHICE A L7Y — 0D 9 b, b EEESRE FO M LA OB 5 2 il PV
DEASITWRWWNE — 2 B X E—2 3, HEEEEZRE T O 1R &2 sto 1 HHEC
PV BREASNTWRWWASRE — %X E— 4, FE EEFGRE N ORI OB L 2
HEEAZ PV DN A SV TRV E — U BB — 5, PV & 2 AR A Lo ¥ — D 9
B, B EZEERRE T O 1 DA OB Le W 2 IS PV 28 A LI Z — B2 —
6, 1 FAETEZRE N O 1 AT LS OBEET 2 2 I PV ZEA LIS — 0 &7 — T,
FEEAEEZRE T 1 L 2SO 1T HEHC PV BNEA LT F —2 P — 8 b
Do HL, PV OBARBL T VA LT HEVI 2L —a b XY=V BREL 20 atHA
IARMNPRKREL DD, RFETIEIPV BDEAIND /) — RIZHOWTIR UAFEED PV 2
HBAIND EIRET S,
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gl AN

(a) $&—>0

BN
L

LAl

(c) $2—> 2

9

=y

(e) ix—>4

;

— —-|:|—L

0
|

(b) " —21

9
L

(d) s$2—>3

;
2

(f) 7$Z—>5

T

INRZ—26

L9
o =

(i) 7$x—>8

T

0
|

(h) "&—>T

X 3.2.2-1 BEMIKBEAREBEBEAA A —T
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323 FERA[METIL

B4 3.2 3-1IZRILAET /VICE A 2 AR ORI 22 R"d, B 3.2.3-1 [ZIRA R,
HAMYICI T DIREAN KOS EAR OFTFEORFM B ZRd, 2 OF I3 S0k
[ DB BN AmERE RIZER L b DT, 22 07 & AV CEEAZEERMEN
OFLEMEHEFTC 1 EMIE L2 OOYEETH S, 3.2.1, 3.2.2 THl~7= & EMlAd
R E MR EMBELERFICER > TV D REFEE, REFEZ CTHEINDGRES
1EM 3.2.3-1 1TRT X 9 AR b 248 E LT,

160 -
140
120
g 100
2 . —— ([T B 75 [kW)] 2 8 788
ﬁ prichegdcicich, | ~B- S8 Ekw] # 8 =
- ) .
—h— 5 [E A (kW] E & 7748
40 1 —%— 5 [T A T [kw) 8 & & 48
20 &
0

0 2 4 6 8 10 12 14 16 18 20 22 24
b5 2

3.2.3-1 ARETNL
324 KEAREEBEOHAETIL
PV O F1 =T V1%, NEDO B 8T —F _X—Z[E T A7 & OMETPV-11) OF —& % Fu
7z, X(B.2.4-1) A LT, AAEMNICENTHRENSOVEIRIROEEEOMRHE 32°
OFNA AR ET — 2% 1R Z L O PV REREICHEAE L, PVOYIFMHOH I E Lz, HA
W THD 1 HE 8 HERARY THD 10 HOH i AK 3.2.4-1 1R,
#E B 5 & [kWh/m?] x & 2T AR x 7SR AVEE [KW]

EE [kWh] =
&R [kWh] 15 B 538 [kW/m2]

(3.24-1)
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| =1 (Eam %) =88 (Ear 8 TR (\awH)

0.8
0.6
0.4

0.2

IREILBEIKWH =Y OHI / KW

0 . —Z ==
1 23 45 6 7 8 91011121314151617 18192021 22 2324

iS4

X 3.2.4-1 PV i /7ih#R

0.8

o
o

PVHH /I / kW
2

©
N}

1 2 3 45 6 7 8 9 101112 13 1415 16 17 18 19 20 21 22 23 24
B %)
X 3.2.4-2 B SN7-ERARH PV 77 iR
ETTHE, BAMHITHD 10 HIZ 1280 PV IR RRE 2 D780, WA R &
RO OBEELVIRIUE 10 HOBH D 12 FEL D EEZLNLT20, Mg ClIRar o
T DOHE[MA LT,
FEAMTCIE, ™ 3. 2. 4-1 IS RTHABRIZIB N THANERE 25 12 KL 13O R
1 E2DEITHBIEL, T ML LK 3.2 42 | iR AT 5,
325 EHEHHIE
AWFIETIX MY EAHIE & U RIS 2 SE L Ly PV-PCS O ARG AT Lz,
N —EFENTBIEIER S T HEE —EHEICEE T 5 55T, oBHEIXEE O B i
ISR EHHT 2 HETH D,
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F1R—E il
e, EEIE S TT R TOFEEFZ O PV-PCS D HHEEZRMERATEICL > TEDHNT
WD FIRMED 0.85 275 1.0 £ TOHIPH CTREE LR 21T 5, A Tidh®z%z 1.0,
0.95, 0.90, 0.85 ™ 0.05 Z|F, 4 /¥ — 2 TEMTE1T - 712,
ool Sl
ZNENFEF OB H ulE & B EIC PV-PCS DN RELEHT D,
1. T XCTOFE g%®PVWS@ﬁ$%1O W5
2. METEEZIZBWTL.0 pu, KEFE (2B T 1. 019 pu(=107/105 pu) #4825 /
— ROHRN)FE2—FEBT TS5
3. 2Z 10V IRL, MERER, REFEENENENRE LB RGN E T
BNTRE, @ L 72 EARATREE 5

326 RATAUTXYvNOTADEH

AWFRICIRIT DHRAT 4 T H x0T 4 OFHFIMEC SN T, PV OBFBAEZIELL
TWE, EEMK, ERHRID ED HA u?ﬁﬁiﬁ‘éif“ﬁ%mﬁ%%n‘%@Lﬁ‘&b\9?E)@“CE?)
Do Fio, WIMHENDOR Lo A ITEBELREEOHFICEM L 7-b D L35, K
32&1;ﬁ$—ﬁﬁ@ﬁ@$274/7#?”??4%%&?57EW??“F,E
3.2.6°2 (ISR DRAT 4 T H v "y T 4 ZHWT 570 —F v — hard, £7,
NHRERBEEDHR AT 47Xy T T 4 HHT B —IZO0W T~ D, TN TORHEFK
@ PV-PCS D /13 % & HAEIZERE LI R 21TV, &/ — ROBESMROT 7 > F %
MDA ERERD D, D%, BMOTFHMEEZEZ TR, BEDSBUEHHZ i LT
WRWDEER L, EHLOHK bE L TOIUE PV B AR 2B U CIREE DT 2 4 0
K7, LoL, EH000fKETHZE L TOWRITIVIHELZK T L, TOREE TIZEAT
ETEPVOREERAT AT Xy XU T 4 35,

WA HHIEHRE DR AT 4 > 77X v v T 4 BT B —IZ 20Tk %, RN
(TR ERIEIRE & AR T H 228, WhiatHe, EERKICHEM L TWieha, %4875/
— FO N2 —FEE T, HFOWIRETREAIT I, 207 1 —%# 03K L CTHIK 252 37Ul
PV DM AR AHIRC L, PV-PCS D /1% % 0.85 £ THFIFTHIE LT uEs 2 TiE A&
TL, ZORRTOPVHEARERAT A ITX v/ VT 4T 5,

B EMIECE R AL D 28 HOARSE /) — RI2 3. 2.2 T LI 9 2D KX—2 % T U F LITHR
DT DEIERL, ZivaE PVEAT T U A ERES, PVEAT TV FDOA A —V K%K
3.2.6-3 1T Y, TOPVIEAL TV AZEEEMEL, ULIEZHETEREND YT
UARIIARAT 4 o xR "o T 0 25T 5, $72bb, 10@&ﬂ?~X:O%TXT
AT XN T T VA HET D, VT U AROREIZOWTIRNE Tl
Do
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No
BEFIK
No

3.2.6-1 NE—FEHIEREO 7 o —F+— MY

!

PVE A EIE

HmEtE

Yes l

No

BIEHIH

ARk
I —

3.2.6-2 LHBEIEED 72 —F ¥ — X
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28 4 520 81
i 0

& 50

_ REREE:
0 58 2anurs sy
10MVA

228V, 30MVA

X 8.2.6-8 PVEAL TV ADAA—VK
327 LFVFHDRE

AINEITIE, BAT 4 7 F % RUT 4 OFEFFRIVIRIENT 21T 5 7o Db 72 vV 4
BORSZIT-72, BitEIT 224720, > F U A8 ERET 5 72 D55k o KR b +5H-
7 —AZHANWTTF U A%% 10, 100, 1000, 10000 0 4 /3% — > TEENIHERRHIR2 A
AT 4T RN T 4 BHML, VU AR O EER LT, Ao Eg, FlT 5
T2, EESHF (A N T L) EHFONTZ W,

FT, VT VAHEOLE A NI T LIOWTHFZITO, X 3.2.7-1 1237 U A mDR
AT AU T XX N T 4 DA A N T A LD ERT, K 3.2.71 LV, 10 &
T U A TITREARZLN L 7272, oo U A5 100, 1000, 10000 DIGA & L~ TRHEE
MDA OWE 2 £ 25 Z LTV, 100 25U 4, 1000 5V A4, 10000 >
UATIET TV AEE TORAMOBICIC KR E R ZEN 2L, ZDZEnnE 100 > F VAL L
DT VA THIUINAAZWENCRELT HZ ENHKDL EBEZ BN,

WIZ, vIalb—ra EBORMDONTDOEZHFRDLTHIT 100 7 U A4, 1000 > 7V
FDTIab—arE2ENER 10 BETOTY, 1 EFEOYI 2 b—a UREROS &
FOTHICRBL L2, K 8.2.7-2 1237 U A4 100 DIHHE D 10 By OF O, K 3.2.7-3
(2 U A% 1000 DGED 10 EOFONTREZ7RT, K 3.2.7-2 10, 7227 100
U A TIEHMGAEPAR 7 — A IR E S B2, Fr—RZ Ko TUEHAMITR Y 03584
LCLEIZENMD, —HT, K 3273 X0, 7% A71000 ) U ATiX 100 ~
T U FOEE L LTS NLEFHDO N T D& PSS, v alb—rva VEILR D0
DINTDENDIRNT LD,

UF U AT BT IEZ NG EREMIGEVER E R 50, HEaA NEMET LT
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DTV ) A CRERMICITWI M ESEOND T ENREE LY, LEER-T, k
OGO ARIFZETIZS T U A8 % 1000 & U CHERRBIIRET 21T 5,

5 T T T T T - - 35
45
30 -
4 L
35 20 -
3 % 20
c j =
(o]
fin 2l w157
15+ 10+
1 4
5 L
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@ MV load (75kVA) O LV load (22.5kVA)

Al 200sq == Al 120sq =—— Al 58sq — Al 25sq
_ 17.6 km

©22.5kvA)
210 14 1923

ENBHBELE

e K $24E(200sq) (BTt

% 4.1.1-2 X—ZAZRHFEETIL

(2) PVEARBEEDEHAE
(@) FEART—%

i/ — NOBERE L PV O IT 288 ORI T — 2 214 4.1.1-3 177, A
faf 7 — Z IXFE 66 & 1 75) OB ER R A2 FLIAER LT, £72, fHE DD MahE
N1%& Ovar & L7=, PV )7 —% 13X NEDO ® METPVBIZ 515 5005 HEHRE 2 T
ETUELLESDOTH D, 12 KB L 13 KFIZ PV A b R E <, 18 RE)» 5 FR) 6 IRF
FTPVHANR0 THD, HFE1EELZHEEL, BHENILHIZOvar ThHDHE LTz,

BLAEMAR IO 1 km H72 0 OFA L B —F o ZADEEER 4.1.1-1 1IT77, [K4.1.1-2
72 CIORTELEREET VOBRERA  E—F AL, EERE S 1km H720 ORREEA >
=X U ANLENTAETH S,

@R/ —FOEE) x (EBEOaRHE) (PVEAE) x (& BV D E
@/ —FOEMEN) -PVOHHTHEHES)
&26 V\//f‘/\ ﬂ ’
o §oe

03 04
0.2
0.1
0 0
1234567 8 9101112131415161718192021222324 1234567 8 9101112131415161718192021222324
B3fsI(h) 8 [h)

¥ 4.1.1-3 AMOHES & PV A OFRSIT— 4
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#4111 BB E—H LR

Al 200sq Al 120sq Al 58sq Al 25sq

R=0.133[Q/km] | R=0.239[Q/km] | R=0.477[Q/km] | R=1.150[Q/km]
X=0.400[Q/km] | X=0.400[Q/km] | X=0.400[Q/km] | X=0.400[Q/km]

(b) BEEMDFTEEL

4 4.1.1-4 |2 PV OHIIREE & HEEMO RERMFORGZ R LTz, RMIRTNT A=
x IEEMNFTETHRMGE2RTLEWVETHY, x %2 B2 25 PV 1) &2 £EMICFTET
%o PVHIIN x [%] % TRERIZEEIZOWTE, EEMITHEELHEL L2V EDE LT,
HRMZ FRET D LEVELM 4.1.1-4 [ TEISHRE L7256, PV ORI S
HAEMEINIK 4.1.1-5 DX IR END, FAMETIEIRESNT-ENEEZEERONL
PREEER L, PVEAWGEE L HICHHE L=,

KEDR—S—%x[%]cHE KB

12345678 91011121314151617 18192021 222324
8361 [h)

X 4.1.1-4 FEMOFESRM,

123456 7 8 91011121314151617 18192021 222324
B¥EI[h]

4.1.1-5 FHEM~OFLELZEE LT PV HH ORI
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(c) PVEARBEENEH 7A—

PV 8 AFREREDE I 7 0 — %X 4.1.1-6 |53, PVEAEL Cpy, %% i FEOL
XUMEx & L, £, SIS v E—F %, PV HROEEFRZE, Al — FoARR
REERT 2% AL, 0%, BEOLIWHEEZRTET 5, Newton Raphson 5%
WA 21TV, 50Nk b EERIK I L OEIA B OE R OF M4 feid
T 5, WRARTUE PV EARZBNSECRBEOHRZIT Y, ZNE2HFERNEE 5
FTHYIELATY, [RAROPVEARELRD, BARGEEETH, BEOLZVMEZL 100 %
7226 10 % FE T 10 %A A TR S, ZRENDO L EVEICKT 2 PVEARRERERAZFH L
2o 723, PV OEAFHERIT 50 MW % LR E U TRETL 7=,

C )

v
EAT—4D AN

v

BEDREOHKE

x=100

Y

l

Crv=0

»
>
A

A

i=0

’—r CrvikW]. i[h]D & E D3 &1 5 (Newton Raphsonik)

x=x-10 Cpv=Cpy+100 i=i+1

1 1 T Yes

Yes

Cpy <50000

Yes

=t

BREMNEBEELT
EEDHEE

BEHNS LVES
PVEA |]

v

%] 4.1.1-6 PV EARGEREOHR T 70—

amp
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AEtTHV 2 Newton Raphson 50D 7 i —F v — F %X 4.1.1-7T 1R $, / — REEV
AV =e+jfEERLTVD, £ J IZvaeidThsb, P, QIThTHR/ — NIZIEA
SNDOEDENBLICENE N Th D, de, AfIXEIEOFER, B OEIEE, AP, AQIXIEE
HE DRERTH D,

( Bt )
v
ERT—2DOAR

v

€0=1.0,f0=0

A\ 4
PQAPAQ%ETE

A 4
n=n+1 YaETIIEHE

A 4

o =1 [30] ERHE

A 4
e. fOEH

No

e

4.1.1-7 Newton Raphson {07 1 —F ¥ — |
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Q) BEEMEANPVEATGEEICEZALEE

(@) R—RZMETIL (B4R - ERHR 200 sq) DHAE

A= 2SR TV CERER - HRER 200 sq) & X TRIC PV A RTRE RS L OPTZE A &
BH U7, K4.1.1-8 13 RE LI VMEICKTTDHRAT 4 v X v 0T ¢ LT EEEMA &
ZERLTVD, KLY, FEEOLEWVEREN L IFEBMA~DOTRENRD =0, FTE
HREMABED NS RD T ENnnD, £z, BEO LEXVEDNEWV E PV EAREEREIL/N
ENWZ LNynD, iU, BEOLEWEREWE PV OHAOZ ITRRITIEA ST,
BIEHKZERL LT LR TLEI LD TH D, ZDXHIT, FEARMITIT PV EARELZH
IMERELIZOITIIRBEROEEMZEAT LMEND D,

R

50 250
M Capacity of storage battery [MWh]

IS
x

——Hosting capacity [MW]

w B
(5] o
N
o
o

w
o

150

N
o

100

=
(6]

Hosting capacity [MW]
N
(0]
Required capacity of BESS [MWh]

=
o

50

(6]

o

100 90 80 70 60 50 40 30 20 10
Threshold of battery charging [%]

X 4.1.1-8 FEE L EVMERID PV EAFHEER L OFTEEEMAE &
(R—2ZHE T (R - R 200 sq))

(b) 8#g - ERIEZE 400 sq IZKIFELI=1BE

AL AR D KRR T N T IR DORE & WV o BB R A ORI IR AT -7 L TEE
MEEAT L L, PVEARREEZ BICHENIELZ ENFETHLEELZLND, LLTT
XD R A i LB ORKETT LICHONT, 4.1.103)(a) & FRRICEBEMEE &
PV EAFREBOBMRE T L, MG 21T > iR 2k 5,

BLEE R — AT /L ORI L USRI E 200 sq 2> 5 400 sq I AFME L721X 4.1.1-9
WCRTET A EHANT PV EAREEBIOHMELEEMAELHEH L7, AHEREZX
4.1.1-10 12”7, 7ok, BHH L7 PV AFBERIEY, 2O THBEBEFKICL > TkEST
W2,
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NR— AR TOBETE FFEIC, BBIMBENE 2 5L PVEARELE X 5 X ) iR
Lo, HERE XN RMRE 400 sq IZKBME L TV A7, RX— AR & L T 7
WEEMARETELL O PV ONEARGEL 725 X ) itFEfE R & 2o Tz,

@ MV load (75kVA) O LV load (22.5kVA)
Al 200sq == Al [20sq —— Al 58sq — Al 25sq
17.6 km

& >
< >

ENENRES
(EEt)

X 4.1.1-9 R - E# R 400 sq AfLE T /L (Line 400 sq)

50

m Capacity of storage battery [MWh] 250
45

——Hosting capacity [MW]
40

200

w
(6]

w
o

150

Hosting capacity [MW]
o
Required capacity of BESS [MWh]

20 100
15
10 50
5
0 0

100 90 80 70 60 50 40 30 20 10
Threshold of battery charging [%]

X 4.1.1-10 FEL ZVMERO PV EATREE R L OFrEEENmA &
(FHR « H R 400 sq ET V)

4-8

- 1287 -



(c) EEHFARESR(300 kvan) ZHEHEL-1BA

[ 4.1.1-11 X PVER / — RIZ 300 kvar O M5 EE /s 2 0fak LT RMET L Th 5,
ZORBEET N EXRIZ PV EAFEES L OFEEEMAREZFE ML, X 4.1.1-12 2%
LT, ek, B L PVEAFRERILX, TOETHEBEHKICL > TRE-TU, #
FfkE 400 sq IZKAME Lo R & i35 &, FEME AT 5 PV EARRERE ORI
BN SWEA L S 41, 300 kvar OERNTE /IR ORXE L, HRMZ 400 sq (ZAHE
THHELD BEMENZ RS0 oT,

@ MV load (75kVA) O LV load (22.5kVA)

Al 200sq === Al 120sq —— Al 58sq — Al 25sq
> 17.6 km

o(22.5kVA)
210 14 1923

pv | [ETE B #E%hE S15R E 2R 300(kvar]

BEMBEHRER
(BEEM)

m— K #R4E(200sq)

4.1.1-11 ELhEHFE (300 kvar)#& & €7 /L(RPC 300 kvar)

50
B Capacity of storage battery [MWh] 250
45
——Hosting capacity [MW]
40
200
35

w
o

150

Hosting capacity [MW]
N
wv

Required capacity of BESS [MWh]

20 100
15
10 50
5 I
0 m W . 0

100 90 80 70 60 50 40 30 20 10
Threshold of battery charging [%]

X 4.1.1-12 FELEVERO PV EARRERR L OEEELA &
(473 ) s 300 kvar 3% &€ 7 /L(RPC 300 kvar))
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(d) #|EEhE HFFEEZR(600 kvar)ZiE#Hi L1=15&
N EE I FHERER DK & X% 300 kvar 7°5 600 kvar [ZZAF L (X 4.1.1-13), PV E A#A]
RERB L UOPrEEELAR LR Lz, FHEREZX 4.1.1-14 (TR, 725k, ”mkaV
EBATREEIE, ZORTHEEHKIC L - TIRE > TWW=, 300 kvar OIELNE SIFHELES
RE LGS LT 5L, LDV EEIMAE TPV EAMRBELZINTE 52 L1b
Molz, Fio, @I LONMELRMRE 400 sq ([ KBET 2 %15R & i35 & PV A ATRE &
BLOFTEEEMA EO R CREROE RIS LTV,

@ MV load (75kVA) O LV load (22.5kVA)

Al 200sq === Al 120sq =—— Al 58sq — Al 25s(
) 17.6 km R
€ >
I MV load 1
: (75kVA) :
I LV load I
: 0 22.5kvA) |

210 14 1923

66
6.6kV

20MVA pv | [EE B 3N E 28 600[kvar]
BB HIRER
s K #21E(200sq) (ETh)
4.1.1-13 N J1HFEE3(600 kvar)ik & €7 /L(RPC 600 kvar)
50
m Capacity of storage battery [MWh] 250
45
——Hosting capacity [MW]
40
200
35

150

100

Hosting capacity [MW]
N
w
Required capacity of BESS [MWHh]

10 50
5 I I

100 90 80 70 60 50 40 30 20 10
Threshold of battery charging [%]

¥ 4.1.1-14 FEL XVMERIO PV EARfERE L OPTEEEMA &
(#7578 1 R #5(600 kvar)#% & €7 /L(RPC 600 kvar))
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(e) 7 —RFED LR ET

HORBR O A LSO I ) FHHE B OB 72 & BT DR 2 L 7= /e © PV B AAHE
EBLOFEEEMAEZ IR LT, 27— AOfMKRZK 4.1.1-15 12F LD TR,

PV EHARREENRK K L 2o 72D, @B X O REE 400 sq (KL L2 R
WTHEBEBLEWEEZ 10%E LIy —ATholz, HIZLIDOr—ATIE, z.;”%'-éfﬁz@;ﬂﬁ%@
BHRKER-TEY, FEMOEA IR MLRKERD,

50 M Base model 250

45 mLine 400[sq] é

40  mRPC 300[kvar] 200 =

35 var A
z RPC 600[kvar] A
2, 30 >
:> 150 5
S 25 g
o 'O
S 20 100 8
£ 15 °
=2 (O]
2 10 0 5

5 g

100 90 80 70 60 50 40 30 20 10
Threshold of battery charging [%]

4.1.1-15 KEDO L XVME-FTEZEEMRE-PV EAREEOERERKETT V)

—77, BN R TIMET 5 72 51F, [FHEO PVEAIH L CEBMOFTER BN R/ &
RAHRENEREE N2 D, ZORMEDT®, K 4.1.1-15 MBRAT 4 T Xy RvT 4 &
LEMKEOBRZEE L 2B, ¥ 4.1.1-16 IZF L O, FNNS, KAT 47 F
RTINS 57O LB R FEEMA BN D THELRTMER R & D 2 &3 b
%o WIZIX1OMW BEDKRAT 4 > 7% v _U T 4 BT HEE, X—AETILRMT
X 60MWh FEEDOZBMMN LI L 72508, @ - BRHR 400sq 7 /LR Var SRR

(600kvar) ZHzke L7-ET LR TIIA PO ORBOFEMTELZ L0 d,
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N
(@)

18 —-Base model
=16 —-Line 400[sq]
2 14 RPC 300[kvar]
212
= RPC 600[kvar]
S 10
S
c 8
% 6
247

2
0
0 20 40 60 80 100

Required capacity of BESS [MWh]
X 4.1.1-16 ZFEMEREELERAT 4 07X v 80T 4 OREFR

4) BEHLOEMFEEENHE

4.1.1(3) F CTIFBLEM 1 KORMET VA& UTHET L7z, BRFEESIT 21T 729
2, B 12 ROEEFHMEOET LV E2ERK L CEEMOFHFEEBENELFHE L, X
4.1.1-171%, Feeder 1 DRUHIZ KA R PV DA SN BERHLETT LV TH D, LB
DOBEAEILPVERIGTH Y, EEMRI LICEEXHLEREL TWD,

FlEMRET L E LT, 4L 1S LEEERET V4 T —REH W, NI REE
LT 20MVA & 30MVA O 2 FEEERRE L7z, AMEEEIEL 411D L2 b D&
L, PVHHIIE LTK4.1.1-18 (IR LI RIEZ & (g, R, 2RBLORWK) OFET IV
A L7z, THEMIZEIT 28 RKEDO AENER 4112 IR THETH L Z &2 BE LT,
Al EE L BT AT 43T Feeder 1 & [RIRLOELFEMN 12 REfis s Z L #BEL, LLTO
S a2 PVEABORKE(RAT 4 > 7% v 30T ¢ BLiE#R 12 feeder DA FHE)
ZRHL,

@ AT AR O FEIE 2358 IEFPH > & B L 722w
Im MR BB S B FEARFF A Bl L 72w
I  PVHANR PV I—T D) — a2 720
@V) AN ERNEESRA EE A — L

PV ERIHEA L2 B BRI OLERMETL 4.1 1R LEZ LD LRAETH 5, PV 2D

BB UG T 28 D EIREEZ PV EARED x (%] & L, A2 52 20T,
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BRRIMICHET DI 2B T, BHRODIZ, HEXHED SOC LR EE N ZNET D
AT B REETITHRE LT,

P(0)+70(1)

o

n(P(1) +jO(1)

m—) P(f) +JQ(f)

mEmmmmml Feeder?2

) /(7) +JQ(t)
——

s ummumni Feeder 12

4.1.1-17 PV #REGCEEM A BE LB RE T L

100
90

80
70 /f\
60 ﬁ/

50 [~
40 f/ \
30 /, A\
20 // \\
10 Y/

-Clear --Sunny Cloudy Rain

Ratio [%]

Time [h]

4.1.1-18 KL o PV HHET L

#4.1.1-2 1EMICBIT A8 RED B

KA ER~4

R 52.7

i K 190.8

ER 61.6

R 60.6
4-13
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(@) N—RRMETIL (BB - FERHIR 200sq)

B 4.1.1-19 X, KELEWEE 70%, RKEZPRER & LI2GEI281T 5 EER KN
ORZE L E T, FK@B LOOIE, FhEh v 7R &% 20 MVA 3850030 MVA &
L2 aTh D, K10 PV BEARIIFEELEZVMEE 70%, KEZPETE LIZGE 0K A
TAUT XXX T 4 THY, IAELRZZ 1 74 —FHTEVDORAT 4 T X x0T 4
ERLL TS, FAKICIIRENEZERORZE)), BEHENB LI ORMEE), 12 74—
IRt S e PV D OGFHE, 12 7 4 —F 28 S - EEBkii O £EE ) OA FHE
DEMZENEZRLTNS, R—=ZARHEET VDL, RAT 4 X v 3T 4 OPFEE
RNEEFFITH 72720, FX@BLOOIZTRT LI I BFERE2->TEH, KA
TAYTHRXNTT 41T 15MW (1 74— H720 OFfE) THY, Wt ORRHIZ( S [
CbDEieot, PVHANRKE S A BMICBWT, BEEALBIOKMHENT V7R
BIZH L TREBREL, NI REEHITHEN T2 L TV WRIERER TH L & 5
X%e Filz, NBELRIEFERMARIIKREENORKETHD 2.09MW, EHFTEES
#1% 0.319GWh & 72~ 7=,

X 4.1.1-20~33 |Z1%, LBELZVVEE 60%~10%, KELZEH, BRXH, 2ERKABX
OMKA EEZHAOHERBREEZFRBRRL TS, SROHEEMEE 4.1.1-312F &
o7z,

#4.1.1-3 N—ARKMET NV OFHRGA: & FHEERK O xRN

FoE L& WVME (%] PR73 B
70 P A ()RR 80%) ¥ 4.1.1-19
60 PR H () ERR 80%) X 4.1.1-20
50 PRI H () ERR 80%) X 4.1.1-21
50 HARH ()RR 50%) X 4.1.1-22
40 PR H () ERR 80%) X 4.1.1-23
40 FARH ()RR 50%) X 4.1.1-24
30 PRI H - () ERR 80%) X 4.1.1-25
30 ERH ()RR 50%) ¥ 4.1.1-26
20 P A () RFR 80%) X 4.1.1-27
20 ERH ()RR 50%) ¥ 4.1.1-28
20 ERA (M) ER 20%) ¥ 4.1.1-29
10 P A ()RR 80%) X 4.1.1-30
10 ERH ()RR 50%) ¥ 4.1.1-31
10 ERHA ()RR 20%) X 4.1.1-32
10 AR (7 ER 10%) X 4.1.1-33

4-14
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Active power [MW]
Reactive power [Mvar]

Active power [MW]
Reactive power [Mvar]

Capacity of PV=1.5 [MW]

40 LI LI UL I L I UL I LU
Z - -
>
S 20
83 = /\—
——-———\
| D NS
5 r —P() A
2 — 0@
<& ‘20 - ___S(t) —
u Pey(t) |
Pgess(?)
_40 11 I 1 1 I L1 1 I L1 1 I L1 1 I L1 1
4 8 12 16 20 24
Time [hour]
(a) /37 %8 20MVA
Capacity of PV=1.5 [MW]
40 LI LI UL I L I UL I LU
<
> —— —
S 20
83 = /\—
——-———\
| D NS
S —P0) -
2 — 0@
<& ‘20 - ___S(t) —
u Pey(t) |
Pgess(?)
_40 11 I 1 1 I L1 1 I L1 1 I L1 1 I L1 1
4 8 12 16 20 24
Time [hour]

(b) v 7 %xE 30MVA
X 4.1.1-19 B &R TN O BERET 281 E,
(GHECRFRERHR 200sq 77— A « [REEH « 88 L X WMHE 70%)
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Active power [MW]
Reactive power [Mvar]

Active power [MW]
Reactive power [Mvar]

Capacity of PV=1.8 [MW]

40 LI LI UL I L I UL I LU
Z - -
>
S 20
5 F /ST
——-———\
2
5 r —P() A
2 — ()
<& -20 - ___S(t) c—
u Pp(1)
Pggss(?)
_40 11 I 1 1 I L1 1 I L1 1 I L1 1 I L1 1
4 8 12 16 20 24
Time [hour]
(a) /N> 7 %5k 20MVA
Capacity of PV=1.8 [MW]
40 LI LI UL I L I UL I LU
<
> —— —
S 20
5 F /ST
——-———\
2
S —P0) -
2 — 0
<& -20 - ___S(t) c—
u Pp(t)
Pggss(?)
_40 11 I 1 1 I L1 1 I L1 1 I L1 1 I L1 1
4 8 12 16 20 24
Time [hour]

(b) v 7 %xE 30MVA
X 4.1.1-20 Bo & RGN O BERET 281 E,
(GHECRARERHR 200sq 77— A - [REEH « 88 L X MHE 60%)
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Active power [MW]
Reactive power [Mvar]

Active power [MW]
Reactive power [Mvar]

Capacity of PV=2.1 [MW]

40 LI LI UL I L I UL I LU
Z - -
>
S 20
2 0 N /
a,
5 r —P() A
2 — 0@
u Pey(t) |
Pggss(?)
_40 11 I 1 1 I L1 1 I L1 1 I L1 1 I L1 1
4 8 12 16 20 24
Time [hour]
(a) /N> 7 %5k 20MVA
Capacity of PV=2.1 [MW]
40 LI LI UL I L I UL I LU
<
> —— —
S 20
2 0 N /
e,
S —P0) -
2 — 0@
u Pey(t) |
Pggss(?)
_40 11 I 1 1 I L1 1 I L1 1 I L1 1 I L1 1
4 8 12 16 20 24

Time [hour]

(b) v 7 %xE 30MVA
X 4.1.1-21 BLE R PENTE ORERI 2L
(GHECRFRERHR 200sq 77— A - [REEH « 88 L X VM 50%)
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Active power [MW]
Reactive power [Mvar]

Active power [MW]
Reactive power [Mvar]

Capacity of PV=2.1 [MW]

40 LI LI UL I L I UL I LU
Z - -
>
= 20
B - S T
2 0 ~
g —_—
5 r —P() A
8 — Q¢
£l g0
u Pey(t) |
Pggss(?)
_40 11 I 1 1 I L1 1 I L1 1 I L1 1 I L1 1
4 8 12 16 20 24
Time [hour]
(a) /N> 7 %5k 20MVA
Capacity of PV=2.1 [MW]
40 LI LI UL I L I UL I LU
<
> —— —
= 20
2 0 ~
g —_—
S —P0) -
8 — Q¢
£l g0
u Pey(t) |
Pggss(?)
_40 11 I 1 1 I L1 1 I L1 1 I L1 1 I L1 1
4 8 12 16 20 24
Time [hour]

(b) v 7 %xE 30MVA
X 4.1.1-22 BLE SR PIENT ORERI 2L
(GHARRERHR 200sq 77— A « FERH « £ L VME 50%)
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Active power [MW]
Reactive power [Mvar]

Active power [MW]
Reactive power [Mvar]

Capacity of PV=2.7 [MW]

40 LI LI UL I L I UL I LU
Z - -
>
S 20
g 0 AN - 4’-‘/—-
5 r — PO A
2 — ()
u Pp(1)
Pggss(?)
_40 11 I 1 1 I L1 1 I L1 1 I L1 1 I L1 1
4 8 12 16 20 24
Time [hour]
(a) /N> 7 %5k 20MVA
Capacity of PV=2.7 [MW]
40 LI LI UL I L I UL I LU
<
> —— —
S 20
g 0 AN - 4’-‘/—-
S —P0) -
2 — 0
u Pp(t)
Pggss(?)
_40 11 I 1 1 I L1 1 I L1 1 I L1 1 I L1 1
4 8 12 16 20 24
Time [hour]

(b) v 7 %xE 30MVA
X 4.1.1-23  Bo & RGN O BRI 281 E,
(GHECRFRERHR 200sq 77— A « [REEH « 88 L XM 40%)
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Active power [MW]
Reactive power [Mvar]

Active power [MW]
Reactive power [Mvar]

Capacity of PV=2.7 [MW]

40||||||||||||||||||||
Z - -
>
S 20
B — /T
% 0—_; - —-/
[oF —7
5 r —P() A
2 — ()
<& ‘20_ ___S(t) —
u Pey(t) |
Pggss(?)
_40IIIIIIIIIIIIIIIIIIIIII
4 8 12 16 20 24
Time [hour]
(a) /N> 7 %5k 20MVA
Capacity of PV=2.7 [MW]
40||||||||||||||||||||
<
> —— —
S 20
B F— /\-
% 0—_; - —-/
[oF —7
S —P0) -
2 — 0
<& ‘20_ ___S(t) —
u Pey(t) |
Pggss(?)
_40IIIIIIIIIIIIIIIIIIIIII
4 8 12 16 20 24
Time [hour]

(b) v 7 %xE 30MVA
X 4.1.1-24 BLE R PIENT ORERI 2L
(GHARRERHR 200sq 77— A « FERH « £ L U ME 40%)
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Active power [MW]
Reactive power [Mvar]

Active power [MW]
Reactive power [Mvar]

Capacity of PV=3.6 [MW]

40 LI LI UL I L I UL I LU
Z - -
>
= 20
2 0 N ES —=/
5t — PO A
2 — ()
u Pp(1)
Pggss(?)
_40 11 I 1 1 I L1 1 I L1 1 I L1 1 I L1 1
4 8 12 16 20 24
Time [hour]
(a) /N> 7 %5k 20MVA
Capacity of PV=3.6 [MW]
40 LI LI UL I L I UL I LU
<
> —— —
= 20
2 0 e —=/
S —P0) -
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Capacity of PV=3.5 [MW]
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Capacity of PV=5.0 [MW]
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Capacity of PV=6.2 [MW]
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Capacity of PV=6.2 [MW]

40 1 LI LI I LI I LI I LI
=< B 7]
—/ <
> > _—
222 A
TEE mem=== / N
5°§°§ I > J
222 0
2 aa
=
1 —m -
5 2 — Ot
<§<& 20— '__S(l) —
[ gpv(f)()_
Ess(?
_40 [ | I L1 1 I L1 1 I 1 1 I L1 1 IBI [ |
4 8 12 16 20 24
Time [hour]
(a) N7 xE 20MVA
Capacity of PV=28.1 [MW]
40|||||||:|..:||||||||
=< Pl
5S> [ / \ |
e y \
— 0« Leaeeee—_ /) —_  \,\\ = _
%%% 0 \
2 aa
oga —p
£3: | on ]
O c —
<§<& 20— '__S(l) —
[ gpv(f)()_
Ess(?
_40 [ | I L1 1 I L1 1 I 1 1 I L1 1 IBI [ |
4 8 12 16 20 24
Time [hour]

(b) N> 7 FE 30MVA
X 4.1.1-54 B EERFENII O RERI 281k
(H R AR EEHR 200sq+Var % %s 300kvar 77— A « 5K H « £5E L & VM 40%)

4-52

- 1331 -



Capacity of PV=28.3 [MW]
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Capacity of PV=28.3 [MW]
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Capacity of PV=12.5 [MW]
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Capacity of PV=12.5 [MW]
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Capacity of PV=24.7 [MW]
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Capacity of PV=24.7 [MW]
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Capacity of PV=24.7 [MW]
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Capacity of PV=24.7 [MW]
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Capacity of PV=3.2 [MW]
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Capacity of PV=3.7 [MW]
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Capacity of PV=4.5 [MW]
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Capacity of PV=4.5 [MW]
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Capacity of PV=5.6 [MW]
40||||||||||||||||||||

=<
—/ <
> > —— N\
EEE 20 y—L NP
55 e ~/ N
O 4
Eéé o| \ /
%DE \ /
EgZ T —
= -
<§§-20— -
[ gpv(f)()_
Ess(?
_40 [ | I L1 1 I L1 1 I L1 1 I L1 1 IBI L1
4 & 12 16 20 24

Time [hour]
(a) N7 % & 20MVA

Capacity of PV=7.6 [MW]
40|||||||||:!||!|||||||

20 ,——\ —

I \ ,Lp(t) -
t
20 -——sQ*((z)) _
gpv(f)(t) _
ESS
_40IIIIIIIIIIIIIIIIIIIBIII

4 8 12 16 20 24

Time [hour]

Active power [MW]
Reactive power [Mvar]
Apparent power [MVA]

(b) v 7 %xE 30MVA
X 4.1.1-68 B ¥R H NI OB 281 b,
(i R ERAE 200sq+Var FH% % 600kvar 77— A « HRIFH « 858 L & VW ME 40%)

4-67

- 1346 -



Capacity of PV=5.6 [MW]
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Capacity of PV="7.5 [MW]
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Capacity of PV=7.5 [MW]
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Capacity of PV=11.3 [MW]
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Capacity of PV=11.3 [MW]
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Capacity of PV=11.3 [MW]
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Capacity of PV=22.3 [MW]
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Capacity of PV=22.3 [MW]
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Capacity of PV=22.3 [MW]
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(5) KR PV EEICEBHZREL-BANOEINEMEDET LD

BRI CTHRONER RO S b, RIFHETHMOCHEHT 57 A =252 RICELD
Too #4.1.1-7~13 1%, PVIEFICHEEBEMEZBALTLGEDORAT 4 0 7 XR ¥ N\ T 4 L35
BREAE MW) Thh, ZEXMMOLE L EVVEEZ 70%~10%DOFPHTE X THE L
TREREFTLEOTND, T2, #£4.1.1-14~20121F, PVEAENKAT 4 T X x0T
A THLHAIIBIT D REZ L OREENEEERAEENEZRLTND,

#4.1.1-7 PVEHFICEEMEZEANLZLED
RAT 4 T XY N\ UT 4 EEERMAE (FEEL ZVME 70%)

SS WAT 47 AT 4T .
Var ZEh

RS e | NV XX T 4 XX T 4 o

TLE=S S ) A 7 A
[sql K (17 4—%) (12 7 4 —4)

[kvar] [MW]

[MVA] [MW] [MW]
200 20 1.5 18 2.088 AR
200 300 20 3.5 42 4.872 N TR E:
200 600 20 3.2 38.4 4.544 N TR B
400 20 3.6 43.2 5.0112 N TR E:
200 30 1.5 18 2.088 EIE
200 300 30 4.6 55.2 6.4032 N TR B
200 600 30 4.3 51.6 5.9856 N TR E:
400 30 4.7 56.4 6.5424 N RE:
4-78

- 1357 -



#*4.1.1-8 PVIIfHICEEMAZEALT-LGED
RAT 4 T X\ T 4 L EEREAEE (BEL X VWHE 60%)

SS WAT 47 AT 4T o
Var =
3 I B M Xy T T 4 Xy R T 4 o
CLE=S . ) A 7 EECEA
[sql K (17 4—%) (12 7 4 —4)
[kvar] [MW]
[MVA] (MW] (MW]
200 20 1.8 21.6 4.6656 AR
200 300 20 4.1 49.2 10.627 N RE
200 600 20 3.7 44 .4 9.5904 N KRR
400 20 4.3 51.6 11.146 N KRR
200 30 1.8 21.6 4.6656 CAER
200 300 30 5.4 64.8 13.997 N KRR
200 600 30 5.1 61.2 13.219 N RE
400 30 5.5 66 14.256 NV YRR
#4.1.1-9 PVIfHICHEEMAZBEALTZSGED
RAT T Fx "7 4 LEERMAE (FEE L EVME 50%)
SS RAT 4T WAT 47 .
) Var ) o o & i,
3 I B M Xy T T 4 Xy R T 4 o
kS ) . 7 ECEA
[sql K (17 4—%) (12 7 4 —4)
[kvar] [MW]
[MVA] (MW] (MW]
200 20 2.1 25.2 7.9632 B
200 300 20 5 60 18.96 NV YRR
200 600 20 4.5 54 17.064 NV YRR
400 20 5.1 61.2 19.339 N KRR
200 30 2.1 25.2 7.9632 CAER
200 300 30 6.5 78 24.648 N KRR
200 600 30 6.1 73.2 23.131 N KRR
400 30 6.6 79.2 25.027 N RE
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#*4.1.1-10 PV IfFIcEEMEZEALLED

RAT 4 T XX NTT 4 LEEREAE (FEE L EVMHE 40%)
SS WAT 47 AT 4T o
. Var ‘ o o EE
3 I B M Xy NUT 4 Xy NUT 4 o
Lk S ) . 7 ECEA
[sql K (17 4—%) (12 7 4 —4)
[kvar] [MW]
[MVA] [MW] [MW]
200 20 2.7 32.4 13.478 RS
200 300 20 6.2 74.4 30.95 N RE
200 600 20 5.6 67.2 27.955 N KRR
400 20 6.4 76.8 31.949 N KRR
200 30 2.7 32.4 13.478 CAER
200 300 30 8.1 97.2 40.435 N KRR
200 600 30 7.6 91.2 37.939 N RE
400 30 8.2 98.4 40.934 N R
#4.1.1-11 PV IHIZEEBMEZEA LTS E D
RAT 4 TR N7 4 EEERMAEE (FBELZVME 30%)
SS RAT 4T WAT 47 .
. Var ‘ o o EE
3 I B M Xy T T 4 Xy R T 4 o
LK =S X ) 7 E R
[sql K (17 4—%) (12 7 4 —4)
[kvar] [MW]
[MVA] [MW] [(MW]
200 20 3.6 43.2 22.291 B
200 300 20 8.3 99.6 51.394 N KRB
200 600 20 7.5 90 46.44 N R
400 20 8.6 103.2 53.251 N KRR
200 30 3.6 43.2 22.291 CAER
200 300 30 10.8 129.6 66.874 N KRR
200 600 30 10.2 122.4 63.158 N KRR
400 30 11 132 68.112 N RE
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#*4.1.1-12 PVEFICEEMEZEALLED

RAT A TR RUT 4 EEEHR AR (FBEL ZVME 20%)
SS WAT 47 AT 4T o
Var ZEH
3 I B M Xy T T 4 Xy R T 4 o
CLE=S . ) A 7 EECEA
[sql K (17 4—%) (12 7 4 —4)
[kvar] [MW]
[MVA] (MW] (MW]
200 20 5.4 64.8 39.917 AR
200 300 20 12.5 150 92.4 N RE
200 600 20 11.3 135.6 83.53 N KRR
400 20 12.9 154.8 95.357 N KRR
200 30 5.4 64.8 39.917 CAER
200 300 30 16.3 195.6 120.49 N KRR
200 600 30 15.3 183.6 113.1 N RE
400 30 16.5 198 121.97 NV YRR
# 4.1.1-13 PV iIfHICHEEMAZBEALZSGEO
RAT A T Fx "7 4 LEERMARE (FEELEVME 10%)
SS RAT 4T WAT 47 .
) Var ) o o & i,
3 I B M Xy T T 4 Xy R T 4 o
kS ) . 7 ECEA
[sql K (17 4—%) (12 7 4 —4)
[kvar] [MW]
[MVA] (MW] (MW]
200 20 10.4 124.8 89.357 B
200 300 20 24.7 296.4 212.22 NV YRR
200 600 20 22.3 267.6 191.6 NV YRR
400 20 25.3 303.6 217.38 N KRR
200 30 10.4 124.8 89.357 CAER
200 300 30 32.5 390 279.24 N KRR
200 600 30 30.3 363.6 260.34 N KRR
400 30 32.6 391.2 280.1 N RE
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7% 4.1.1-14 PV IEFICEE A EA LT
FEFEFEEEIE (FELEVME 70%)
Var SS & HE & & A [
R —_— N N K FaS iy Fas i &
[sql va] P23y (refBp) | WEXB) | (EXKB) | ([HKA) &
[MVA] | [MWHh] [MWh] [MWh] [MWnh] [GWh]
200 20 6.048 0 0 0 0.319
200 300 20 14.112 0 0 0 0.744
200 600 20 12.902 0 0 0 0.680
400 20 14.515 0 0 0 0.765
200 30 6.048 0 0 0 0.319
200 300 30 18.547 0 0 0 0.977
200 600 30 17.338 0 0 0 0.914
400 30 18.950 0 0 0 0.999
7% 4.1.1-15 PV EfFIcEE A EA L2
EMFEE ' (FEE L 2V MHE 60%)
Var SS & HE & & [
R —_— N N K A Fas i Fe &
[sql va] a3y (R ) | WEXB) | (EXB) | ([HXKA) &
[MVA] | [MWHh] [MWh] [MWh] [MWnh] [GWh]
200 20 17.280 0 0 0 0.911
200 300 20 39.360 0 0 2.074
200 600 20 35.520 0 0 0 1.872
400 20 41.280 0 0 0 2.175
200 30 17.280 0 0 0 0.911
200 300 30 51.840 0 0 0 2.732
200 600 30 48.960 0 0 0 2.580
400 30 52.800 0 0 0 2.783
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% 4.1.1-16 PV irfEI2E*

i

WEEALSEED

R FEEE R (BE L X VWMHE 50%)
v SS ZEM ZEM ZEM LHEM o
ar
s — AN/ N K K K FE
e Ay
[sql van] K (CSiAED) (FESED) (Z2XAH) GEENED) wE
var
[MVA] [MWh] [MWh] [MWh] [MWHh] [GWh]
200 20 35.381 0.504 0 0 1.961
200 300 20 84.240 1.200 0 0 4.668
200 600 20 75.816 1.080 0 0 4.202
400 20 85.925 1.223 0 0 4.762
200 30 35.381 0.504 0 0 1.961
200 300 30 109.510 1.564 0 0 6.070
200 600 30 102.770 1.466 0 0 5.696
400 30 111.200 1.584 0 0 6.162
#*4.1.1-17 PVEFICEEMEZEALLED
EMEEEIE (KELEVE 40%)
v SS ZEM ZEM ZEM LHEM o
ar
R I AN/ N K K K FE
e Ay
[sql K (P B (D) (Z2XKAH) GEENED) wE
[kvar]
var
[MVA] [MWh] [MWh] [MWh] [MWHh] [GWh]
200 20 68.429 12.150 0 0 5.924
200 300 20 157.130 27.900 0 13.604
200 600 20 141.930 25.200 0 0 12.288
400 20 162.200 28.800 0 0 14.043
200 30 68.429 12.150 0 0 5.924
200 300 30 205.290 36.449 0 0 17.773
200 600 30 192.610 34.200 0 0 16.676
400 30 207.820 36.900 0 0 17.993

4-83

- 1362 -




% 4.1.1-18 PV infEIzE*

i

WEEALSEED

R FEEE R (BE L X VWMHE 30%)
v SS ZEM ZEM ZEM LHEM o
ar
s — AN/ N K K K FE
e Ay
[sql K (CSiAED) (FESED) (Z2XAH) GEENED) wE
[kvar]
var
[MVA] [MWh] [MWh] [MWh] [MWHh] [GWh]
200 20 125.800 41.688 0 0 14.584
200 300 20 290.040 96.115 0 0 33.624
200 600 20 262.080 86.850 0 0 30.383
400 20 300.520 99.588 0 0 34.839
200 30 125.800 41.688 0 0 14.584
200 300 30 377.400 125.060 0 0 43.750
200 600 30 356.430 118.120 0 0 41.321
400 30 384.380 1217.380 0 0 44.561
#*4.1.1-19 PVIfFIcEEMEZEALLED
EMEEEIE (KELEVE 20%)
v SS ZEM ZEM ZEM LHEM o
ar
R I AN/ N K K K FE
e Ay
[sql van] K (P B (D) (Z2XKAH) GEENED) wE
var
[MVA] [MWh] [MWh] [MWh] [MWHh] [GWh]
200 20 242.610 111.460 0.518 0 34.084
200 300 20 561.600 258.000 1.200 78.897
200 600 20 507.690 233.230 1.085 0 71.322
400 20 579.570 266.260 1.238 0 81.422
200 30 242.610 111.460 0.518 0 34.084
200 300 30 732.330 336.430 1.565 0 102.881
200 600 30 687.400 315.790 1.469 0 96.569
400 30 741.310 340.560 1.584 0 104.143
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#4.1.1-20 PV irfEIcE

i)

WEEALSEED

FHIFEEENRE (KELEVME 10%)

Var SS % et ot it 4 - H]
RIS —_— Ny wE B HE i K
[sq] llevar] wE | (uER) | XA | EXRA) | WXRA) B

[MVA] | [MWh] [MWHh] [MWHh] (MWh] (GWh]
200 20 589.060 | 321.360 65.894 0.499 96.448
200 300 20 1399.000 | 763.230 | 156.500 1.184 229.064
200 600 20 1263.100 | 689.070 | 141.290 1.070 206.808
400 20 1433.000 | 781.770 | 160.300 1.213 234.629
200 30 589.060 | 321.360 65.894 0.499 96.448
200 300 30 1840.800 | 1004.200 | 205.920 1.564 301.391
200 600 30 1716.200 | 936.270 | 191.980 1.457 280.998
400 30 1846.500 | 1007.300 | 206.550 1.565 302.322
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4.1.2 EEAZEMOGEIEBHZREL-BEOEMFLE

BLEERRICHR SN2 PV D OWIRA R E L 725 &, BB HZEERTIZIRB VTN 7 i
FERFAETDAREMENH Y, WHIRENE LWEAICIEIAN VI BRES— TR D Z L0
BEIND, AHETIE, KEO PV REERICERIND ZEEZHEL, N7 FEA—/ N
AT HRMEEBBENEEIICHRE T 2EERMICI VNI RES—"ZRHET 5L
WZOW TR LT,

(1) B\EAE

4 4.1.2-1 1%, EEEHEEFICEEMIHE SNTRERMET VERT, EERORI
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5, BLEMAEBATICHET 2 EERMIL, NI/ REEABIDBNNEERENS EAR
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O@ﬁaﬂan‘% WS SN AEEEN 2 P+ E L=, ZZ Ttz <Thsb, ZO/E
BROFKIGZIE PV BMEFHR SN TV DA, BlEHALEITOLEEIZFE L%Eﬂi@ﬁaﬂan‘%zﬁ n
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Capacity of PV = 1.2 [MW]
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Capacity of PV =5.0 [MW]
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Capacity of PV =4.5 [MW]
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Capacity of PV =5.0 [MW]
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I RERIR) 27T PVEAREEZRDIZL 2 A, N7 FEN 20MVA DA 3.2MW,
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Capacity of PV =3.2 [MW]
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Capacity of PV =4.1 [MW]
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Capacity of PV = 3.1 [MW]
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Capacity of PV =4.6 [MW]
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Capacity of PV =4.6 [MW]
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Capacity of PV =2.8 [MW]
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400 20 4.5 54.0 26.681 | 87.351 | Ny Ui
200 30 1.2 14.4 — — B
200 300 30 3.4 40.8 — — Ny g
200 600 30 4.6 55.2 18.667 | 51.667 | N U 4E:
400 30 5.0 60.0 16.809 48.846 | NV U KR
#4122 HEEMEBEALRVEEDOHRAT 4 0 XX /30T ¢
v SS RAT 4T | RAT 47T
ar
PRI | L T e RTT | R NTT |
GLk S ) R EA N
[sql Ke | Q74— | 127 1—%)
[kvar]
[MVA] [MW] [MW]
(%) 20 0.3 3.6 &I
200 20 1.2 14.4 A
200 300 20 3.1 37.2 N RE
200 600 20 2.8 33.6 Ny g
400 20 3.2 38.4 Ny g
200 30 1.2 14.4 BT
200 300 30 3.4 40.8 Ny g
200 600 30 3.8 45.6 Ny g
400 30 4.1 49.2 Ny g

(%) TERARB RILFET V), BFROBLERD B E

< 7225 (200sq—120sq—58sq—25sq) ET /L,
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41.3PVAREARICHEITAETREETRHELEEAL-EERMOERMWEFESHT
A/NEITIE, PV RESHEARHZBWT, RMARIRE LT, TR F—ApmitEis Ll
WX o THEREIN D EFRIEHUBEREOBEALZKE L, TOBEKINIFHEICO N TREL
7=,

(1) FERETILRUSHTEYE

AENZ BT DEKOFFESHT T, 3.2.1 THRARBNE 9k — 2] OFTNLOHE
ML, ME2haEE L 3.2.5 T Lic i —EHEoA %2 H L, FHROEMEA % bt
J 578, IRE PV IEREFTOIES X IZEEET, UTOREERIT -,
©  PVIE, &AM — FICEASND EIET D, mEFEFER L, REFEFXFR LT
DOEANRITFREE L, mERER LREFEXOGARZDOLIT ) — FORKAR L&
DOETT5 22,5 L5, T7bb, #ilé LTI 4 —X2fKT 1000 kW @ PV 238 A
ENGE, WEFREF /) —RT1 /—KH7-v 16.3 kW, mEFEZE ) — KTiX 1
J—=F®HT0 54 3KWD PV RNFEASIND, 74— RERTHEAENETHTLH L X, 1
= RdH7=0 OEAES HFNIS L TEET 5,
Q@ =RNX—ArEEEE L L CEBMAEANRE L, KEOLEEBET LH, LEMOT
wikRE (S0C) ZMEH L, fRESNDOIMBENEZT X TRINTED EREL, £/
RKae1.0LT5, FRMOKELEE LRV, 2F0, EFEMEZAMNE L TEZD,
@ WHIBERETOHHTTIE, SFEMOEEE KWEE) OAL%s %, EEOxE (kih
KE) ZEBELRV, o, WRARKE 2D ETIRINLIBAMHOR 12 FED
Rz D v ay hORTHNT 5, kih FELEWS A LA TORFHE, kWA
BU YV ay MENOBRERE 2 TIT 9,
@ FEMOREBHFEIZONTE, N1 OflEZEX TR TORRE LRTH HV3 x
6600 x 90 = 1028 KWDKI43y TdH 5 500 kW 2 EFRE L, 0 235 500 kW £ T 50 kW
AHTD 10 r—A (HEMZRELRNVO OBAEEDTILr—A) &L,
(2) EBBEMOZREMAUICOVNTORITRE
AW TR L2 BT MTIE 66 & 7 — REURZ W20, FHROSEME S 2 fET 572912,
KRG T 2 5D H RIS, HEMOR B HUR O VAL EIT 57,

FT, B RAEZMR D720, FITEBEMEEOEM AR T 5720, HEMORE N
IXAM ) — RIZRE LTz, ZREExz9 2T, REMAE LTAN /, — REipf/ —
R &R — RIZ3F €, TRt ziT-o72,
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BESS
0.5 MW

0.957

62 <D ooss

-
66

570973 B

B (|.9;i62 « A ()0_955
57 0971 66
2A+Bl BESS
0.5 MW

0.934 65
(PV=2.1 MW, PF=1.00)

® 4131 REHAE LTREREEROLE 201

4.1.3-1 1%, 74 —F2RIZ 2.1 MW D PV REA S, PCS DAFE (LI, W ol
WERY, HRET2) 12 100 IHESNIZBEIS, @/ —FThd/ —F 62 LHH#R
— R THd/—K65120.5 MW OEEBHMIVEAINLIEOEBLEMEZRT, K 4.1.3-112
RTEEODIREFRESR ) — ROAMEHNIZR L TH D720, £ I biiuH 3w
LIAMETH D, FHEETIIN I8 7T kW L7258, ZZTIXZOWMSOMFE A L5,

X 4.1.3-1 129580, HEMEBIR S — K62 ICRETHHA, /—K66200562FT
ORI, /— R 6505 62 DI ERI L A THD, ZEMOWINE T 24 % LA 57
B, RREOEINL — K57 005/ —F 62 il L CEBMA~LTEND, T DEHY O
ZB &L, ¥ 4.1.3-1 DFAITBOA TH D,

T, HEHMMPEM ) — FTHDH/— RS ICRESNIEEERD, &/ — FOAL
&PV, BEMOWINENIEDLL RN, J— K575/ — K 62~ Dk
AR EFRITLS B THD, £/, /—R66 00/ — R 62 ~iiLHiind A & LB iR

J— RIZEEINTGELERBETHS, L LZO%E, EEMBAEMR/ — KD/, —F 65
ICRE SN TWATY, /— K62 &/ — F 65 BOMRARIE L WmEicnesd, /—F 62
DOENER T EEDT, /— K625/ — K65~ 2A+B OWEA N D, FHEMOWILE
TR HHGANZ R Z WA, 2A+BX>A &l VERRIC R EOWIES @D Z L1278 D,

72, ZOGEOEBENAAESHT LICRER, M 4.1.3-1 IZ3T K512, lir—RIZHB0n
THEBRO B 0. 3% & RPNz DIZx LT, B, — RTH D/ — K 65 TIHEE
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f 1KY 2. BRDEV R R D, UL, MIOERMC KEOWIEATN S 2 LIk 2 EFER
CRET %, 2k, @ — FOBESHHM  — FICHEE R LS A IS TR
DL, FBOBRBERIZL VAN R L2 LI EETHS,

51 52

0.998

C 100353

<« N

0.5 MW
2A¢

? 48 V9%
56
BESS 51 52 0.984 1.004
05 MW 0.976 Variation < 0.2% —

B'+C+(IT C 100253

<~

T 48 0992

56

(PV=2.0 MW, PF=1.00) 1.003

% 4.1.3-2 BEHAE LTREREEROLE 02

X 4.1.3-21%, 74 —F2EKIT2.0M DOPVREASH, HRITL00IHEESNTZES
2, /— K48 &/ — R51IZ0.5MV OFBEMDNEANINDEOEENAZ T, K 4.1.3-1
ERERIZ, M7 — AT TOOANZIER U TH D720, o /) — Nzl 5
BEEENIDT 0. 20LL T TH Y, 1%L EOEENH 5 DITHHM /) — R7EEITFTH D,

ULOftiREE LD L, EBMEZERICRET D52 LKD), BEICKEREMNE
U5 D& BN %ént&ﬁ/~btffhb HERR S — R 2 8L, S
RIS ERE LT IIFFREEE VD Z L2 D, OFY, B — FOBEE MR
L&V EKRT, Q%f&%ﬁﬂ‘%/ NIZERELTZIED NEE LB S, L7 - T,
VB OBat T, EEMoOBER S ZHER ) — RO ERE LT,

Q) BEHMANEENFICEZRLIEEDOVLTO®RE

LEMORE S A BRICIRE L7295 2T, /R E SO W THE 21T 72,

B4 4.1.3-31Z, 2.0 MW @ PV 28BA S, )% 0.90 IZHE LZBRIZ, /— R 57, 53,
48, 43, 3TIZENENEEMA 0.5 MV 721 EA L6 M OEEM 2 HA L 22WI5GE O
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WEITESAA (EERD) 277, ROAERIZETED FREZ 5L, = 2 TIHEEROHRE D
FRAE 107 V Z & EMIO p.ou fEIZHAFE LT, 107/105=1.019 p.u. & LT\ 5,
1.03
1.02
1.01
=)
S1.00
b
£0.99

)
- 0.98

0.97
0.96

Node

—+— Conventional
BESS at Node 57
—— BESS at Node 53
—e— BESS at Node 48
—— BESS at Node 43
——BESS at Node 37

PV 2.0 MW, BESS 0.5 MW, pf=0.90

X 4.1.3-3 ZEMOFE M L 5 EREE A OB
BLA BN L2WEGE (LRI — A LIERR) OEBESAILX 4. 1. 3-3 THOHE

TRLlc, /— R3BLBEORMT, WRiIC LV EED EHEBBELTWD, £, R
DR () — K 1~38) Ti, /— F 10~14 Ofi% 1 B H D SVR OEWEIC L BENFE
ENDLUSN, BENKETTHMEEICHDOE, WRHECEZ2b0THD, Z0HA, &
JEIZEZHRNTERL L THDRND, PV X HIZEAL TN &, K/ — )b EE BB
W5 &SNS,

X 4.1.3-3 TEEMEZEANLTBAEOEKEr—2A%2 /5L, /— K37, 43, 48, 53 &, b
IO EREMSEELTHRMNLE, —RTT I 7080 LTWAEZ ERbhd, 2F0, &
HWMAH D/ — RAICKELZSEIX ALY FRICH D/ — RBICKE LG E & T,

/= R B LART ORI R T D BN ZERETH D,

HEMIEADR T —ATIE, HEMPFMOAMZIEL LoD, RTATEOEEITRE
%7*ZiU—E@MTWﬁ%ﬂ5 72, /— K48, 53, 57 TOEANSF— AT, PV %&
S HIZEAT LG EICEERNICER T 5 LB 2 5L DR /~F@%iﬂ@%@%?ﬁ
Rohd, b, E’E%Hﬁ@ﬁ17k LT aHE Lo Ik DR EEZLND,

L2vL, /—K 37 TOEAF—ATIE, /— K 38 LFEORFETOELIINMERr — A X
VW ERTHBIGNRAE LT, BESHOME, HBr—ATIIEEMOZBEMSEN 2 A

M
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HDO SR OEFICTH D0, AffE L TOEHEBMOEANIZLDELEORE FIZ SR 2 2 Bd
FEBEZ LT LESTZZ EBhbhoTz, *aaflﬂ%:%ﬂﬁ‘éy‘ Z, SVR OBMEIZ & A A
IMEND L ETRIND,

4) WIRBEANEBEESFICEZ DEEIZOVTORKET

HEMOWINE) (W &) NEESMICE 2588 Ri LT, 4.1.3-4 12,
4.1.3-3 O — AR 5 EEBMOWIE T % 3 S LIcGE OBE S % LT,
4.1.3-4 DD L HIC, HEMEAr — ZADOBBETFIZTTRTHAFRE FHLTW5,
Fz, FEME ) — R 37T L 43 [ZE AL — AT, K/ — ROELENEE ERICH
fik LT\ 5,

41.3-5 XS BIC RO —ADEMDEE, HEEMOWINEN 2T 2 EZT-5%
BIETE R, BHEMOBIEN NIRRT 51224, / — R 43 LIgiO## CEE M*T
T 5, /— K43 IO TIE, 0.5 MW, 0.4 MW & EEMOWILE /03 o K&
WE, /— R 44 OEESIEFRIZSIE T bh, / — K44 & 48 OfICREI D SVR
OIEBNBRAE L 0 Flal>72728, /— K 48 TOF F?ﬁ)ﬂf@]ﬁf LoTm 2%, FEM

OYWIFES D 0.4 MW D56, K CTOBEESAAITIHIZ 0.3 MW O5A XV &y, SVRIZ
KD TWRNEIESMICEEL, BENCAAT 7 ﬂw/\‘*‘/v“w A RE T
bHLEZOLND,

1.03

1.02
1.01
1.00
0.99

Voltage (pu)

0.98

0.97
0.96

Node

—— Conventional
BESS at Node 57
—=— BESS at Node 53
—e— BESS at Node 48
—+— BESS at Node 43
—+— BESS at Node 37

PV 2.0 MW, BESS 0.25 MW, pf=0.90
4.1.3-4 ZHEMOWINE 2SO LI-%5E DEE5
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1.03
1.02
1.01
1.00
0.99

Voltage (pu)

0.98

0.97
0.96

Node

—— Conventional
BESS 0.5 MW
——BESS 0.4 MW
—e—BESS 0.3 MW
——BESS 0.2 MW
——BESS 0.1 MW

PV 2.0 MW, BESS at Node 57, pf=0.90

4.1.3-5 FHEMOWINET) & EIESAM ORISR
(5) AENEELHICEZDEEIZTOVNTORE

J— R BT IZWINE )75 0.5 MW OFBIMATEAIN, 74 —F2IKT 2.0 MW O PV 23E
ANENTZHA, 0.85 235 1.00 £ THERMN 0. 01 A TEE LI-BOBESH & X 4. 1.3-6
(R, AIEED T, REME 0.5 ZEICRUSTEBADBEENMOMEREAZK 4.1.3-7
~[X 4.1.3-92F & DT,

TN 1.0 ORE, FHEMOWINE L PV i@tz T HEE S, holhEic k258
& EH-ORFNE N 2o 72728, B/ — R 29 £ CRMMICEE AN H 7203, K
U CIIEBMA KA TH L7720, K TIRIENDOHROEA L I L 5 RBESf %
R LT, BE) TEEAMET 225G, | BHOSVREUGID /) — RTIE, HEMRNZE
BIEDMEVAS, 3 B SVR OEMEIC L0 ZALIE ORI EHEZ 72 D, SVR EIEDFEM 2 2R
4.1 3-1 TR, EERIICR T, BIESER LT W RN CRIKDOEE L 725 /15 0. 88 T,
RAT 4 U TRy RO T 4 BN RKEBDND,
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F 4.1.3-1 S5t T Co SVR OB EREHE

. J—FR5B7020.5 MWW EEM, 7 —XPVEAE2.0 MV

WAE S SVR1 (10~14) SVR2 (37~38) SVR3 (44~48)
1.00 EUL(AD ER L #iEZe L
0. 99 EUL(SAD CUL (A 1 Bt
0.98 E7R L 1 BHE EUL(AD
0.97
o0 BEZR L 1 Bt AT 1 Bt AT
0.95
on 1 Bt FEZR L 1 Bt
0.93 1 Be AT 1 BeAE iE L
0.92
0.91
0,90 1 B2 A £ 1 B A E 1 BeAE
0. 89
0. 88
0.87
0. 86 1 Bt ST 2 Bt A E 1 BHE
0. 85
4-111
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Voltage (pu)

0.95

0.94

—=—PF=0.85

PF=0.87
—=—PF=0.89
——PF=0.91
—+—PF=0.93

PF=0.95
—+—PF=0.97
——PF=0.99

Node

--------- Upper limit of voltage

PF=0.86
—e—PF=0.88
—+—PF=0.90
——PF=0.92

PF=0.94
—=—PF=0.96
——PF=0.98
—=—PF=1.00

PV 2.0 MW, BESS at Node 57, 0.5 MW
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4.1.3-6 PCS JIRNELDAHMICE 2 52 (1K)



1.03

1.02

1.01

. <2 =
o b o
©x © S

Voltage (pu)

o
o
2

0.96

0.95

0.94

Node

—=—PF=0.85
PF=0.87
——PF=0.89

4.1.3-7 PCS JILRNEEHSMIZE 2D

4-113
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PF=0.86

—— PF=0.88
——PF=0.90

PV 2.0 MW, BESS at Node 57, 0.5 MW

BZ JHR

J =2

(0. 85~0.90)

57 62



Voltage (pu)

1.03

1.02

1.01

1.00

0.99

0.98

0.97

0.96

0.95

0.94

14 38
19 43 48
23
\ ) 24 29 37 44
10 53
I
\\
Node

——PF=0.90 —— PF=0.91
—e— PF=0.92 ——PF=0.93

PF=0.94 PF=0.95

PV 2.0 MW, BESS at Node 57, 0.5 MW

4.1.3-8 PCS JIENEESAMIZH 252 (0.90~0.95)
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Voltage (pu)

1.03

1.02

1.01

1.00

0.99

0.98

0.97

0.96

0.95

0.94

Node

PF=0.95
——PF=0.97
——PF=0.99

4.1.3-9 PCS JILRNEEHSMIZE 2D
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—=—PF=0.96
—— PF=0.98
—=—PF=1.00

PV 2.0 MW, BESS at Node 57, 0.5 MW

Bz YA
W

(0. 95~1. 00)



6) RRT 4 2TX¥/IROTAI2DVTORET

FRIOBREZ T T, EBMEBR — FIHEELTO 16 7 —X, FEMMOWINES %
0~500 kW D] 50 kW Z| 4T 11 77— A, J35 % 0. 85~1. 00 D] 0. 01 Z|FHTD 16 77— X,
BHIHTEF 2640 7 —ZADKRAT 4 2 T XX NUT DB/ &AT o120 T — 2 BRI T2,
HEMN ) — K 62,53,44, 37 (TR B LIZHEDRAT 4 7 X % "V T 4 fE#%K 4.1.3-10
(R L7,

At node 62 —
At node 53 —

i i Atnode 44 ——
Hosting Capacity (kW)
/S At node 37 ——

AT
AL 2L N
4500 "i‘§;f“’i§( )%‘
4000 V/‘A /“7)\\\,“\
T SAVY QWA AN
2 OOSRES
1000 0\

0.8

B 4.1.3-10 RAT 4 T F v/ 30T  OFFTREAR (—E)

B4 4.1.3-10 12, BT E@IEEMOWINEY), BT, i 27 0 o 7% 33
T 4 DEERT, BEMRERE LT, EFEMOWRINENNRENTE, RAT 4
TxRxNTT A OERREL 0D, Tz, () TR REGIIHDY AVR 62 5 FE 4 iR &
LA, LOVRERRRAT 4 U 7R N0 T A NBELND EOHBNBRONS, J1RIC
BALTIE, RAT 47Xy R T 0 OEEBPRLVD, NSWIEERAT 17 F 3
VT AMREL D EVIEHARH D,

F7z, 401311 ICHEBMOREHR &L IR RARAT 4 7 F v 3T 0 DK%
KT, 2L, RAT TR R T 4 OFREL, EEMEHD ) — FICRELE
XONFE 16 r—ALRINE) 11 r—AFbLET 176 7 —ADYETH Y, RKXEIZED
176 7—ADHFKRIETH 5,
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3500

Hosting Capacity (kW)
[\ w
(V)] ()
S S
[w) ()

2000

1500

4.1.3-11 EFEuo

4000

3500

3000

2500

Hosting Capacity (kW)

2000

1500

0 50 100

19 23 24 29 37 38 43 44 48 53 57 62
Node

—o—Average =—e—Maximum

FRE RS L e RARAT TR T ¢ ORER

150 200 250 300 350 400 450 500
kW Capacity of BESS

=e—Node 62 =e=Node 57 ==Node 53 Node 48

4.1.3-12 LEMOWINE S & FHHR AT > 7% %37 4 OB%R

4.1.3-11 2R3 L 91,

T A DENMFEEDLLRVDIZH LT, /— R43 UMD/ — RICRE LI2EA1E, Kk

BB ) — R 2~4A3 [TRE LIEE, RAT 427 F 8
ity
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WEVIEERAT 4 7 F v /30T ¢ OFE L IR KERERT 5, 20 m L LT
=LA R IR WEETICRE T 5 &, fﬁﬁ%ﬁ’%@l;{%ﬁmm)74’ D KEY %{)luﬂ“béﬁ_
O, RKiIOEEEHEVMHITEXRNWI LB LN, WIZ, EEME Rl ET
L6, JTCOREOWFIILE B A~TRAVEGT & 725720, fjﬁ%@ BIEH S, A
AT 4T XX NTT 4 DI 5,

X 4. 1.3-12 |[ZEBHMOWILE S & TR AT 4 T X v 0T 4 OFREZ RS, 7272
L, RAT 4 v T Xx o7 0 OFHEIE, HHRNENOEMEZSH D ) — FICHE L
ﬁ@ﬁ$167~2@ﬁﬁf%éoE4Jﬁﬂ2@%?i91,*$&®%W$ﬁ%m<x
ETDHIEE, RAT 4T XX R T A OEPKREL 8D, £, RE RS K
&8$2%4Vfﬁkﬁv%4®%kﬁﬁ%<ﬁéo@%,%Eﬂﬁ#/~$&k/~$
57 DFAEDENBHNTH D L OFER bbb T,

4500

3500

Max. Hosting Capacity (kW)
O
S
o

1500
0.85 0.86 0.87 0.88 0.89 0.90 0.91 0.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99 1.00

Power factor
=o—Node 57 =o=Node 53 Node 48 Node 44

X 4.1.3-13 PCS B LT RHKRAT 4 7 X% 33T 4 ORISR

NRERRRAT 4 xR _0T 4 OFRER 4.1.3-13 1R T, 72120, RAT 1~
TX X NUT 4 ORKEE, HHTRICHEL, D/ — FICHE LK, FEOWIL
BHD 1L r—AD I bLORKTHD, K 4.1.3-10 OFEFR LRI, K 4.1.3-13 12HH
FIZOWTDRAT 4 T XX /X T  ODEBRPW LD, TEPREWVIZE, mAT 4
VI R T 4 BN T A TH D, /— K57, 53, 48, 44 | CEEMAERE LT-HA
2, MRDHRAT 4 TF 2" T 4 2565 NFEIE, £N£h0.88, 0.87, 0.86, 0.87
Thd, £z, RAT AT X X0 T A OEBNMLUVEH & LTE, BOENICLD
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DEBT, SSRIMMEERIL TLE 72729, RMOELDMICKIELREADH -T2 LB 2
Enéo

(7 SEEREREDLER

DT T, ‘}E (%} & L COERRZEBENRFEDOE J—/\%ﬁ%TXTA/?ﬂE
¥ NUT A IKT AEEET T, L LEBEOEH T, ERERICHFESEMZEA
ﬁé%ﬁ%%x%héo$%f ,;®%Qﬁﬁwf@ﬁﬁ@ﬁ%#%¢ﬂﬁ%k@%%
AT,

O FEBEHMILPY LR UL FBERICEARD—HEOEHE

HBEMMAPV ERIUL, WILBNNSEHR /) — FORKENCHHI LR TEA SRS
BEEZD, BMplREEEEOSHE, EBMORINETE PV OHANEHT 5720, EEMh
DEANDGTETHRAT 4 T X2 0T 4 W2 D3 EIC b, DF D, BETHEBMIC 500
KW OZBMINEASNIHA, RAT 4 T X vy 80T o NEA LW —2A XY 500 kW
FIFRENWEWS Z Lz b,

© FEEMIIRBOBERICOHLEBEATIHE

HEMD, KinDFEEFZIZOHREKEINHF LB TEATLILEEE 25, 22T,
Kb /) — R&3HHDSVRUFED / — K (/— K 48~62) L35, AR TRILFET] 500 kW
DOEEBEMEENT DA, SIEFESE ) — KT 106.4 kW, {KJEFEEZ /) — K TE 31.9 kW
DOEBEBMPBAEIND, ZOREDRAT 4 TR/ TF 4 %% 4.1.3-2 TR,

@ FEMIIRROTBBERIZZIEAT IS
B E — RICEAINDD, Kimd /) — RIZHEASINLIENRIWEEEE X5,
Ko (3 HHD SR LARE) / — ROJRKREE, 74 —F2EOK) 25%720DT, ZZTIX
KD ) — RIZEBMOWINEI D 5% NEANIND LIBET D, ZOHRE, 74 —44%
KT 500 kW OFEBEBMAEAINDEE, Kii CIIEERESE /) — KT 79.8 kW, KEF
K/ — R T 23. 9kW, RKEGLARTO ®EFEZ / — R T 9. 12 kW, IREFEZ / — FTid 2. 74
kW OZFBHNEAIND, ZOHRERAT AV TXy /"0 T 4 %K 4.1.3-21TR7,

BB, F4.1.3-2127—A@DL /) — F 5712500 kW OZEEBMMNBEASNDIEE, 7—*A
OIXFEEMEZEALRWGEAE LT 5,

7H

\\

M
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F4.1.3-2 HEFR LB ORRAT 40T F v 82T 4 bk

KRAT 4 VT b2
F ¥ LT 4
/100 kW @® @ ® @ ®
0.85 30 41 36 41 25
0.86 29 42 40 42 24
0.87 25 41 33 41 20
0.88 21 44 35 44 16
0.89 23 37 38 37 18
0.90 30 41 31 41 25
0.91 27 36 33 36 22
i 0.92 24 37 36 37 19
x 0.93 22 38 31 41 17
0.94 21 34 31 33 16
0.95 19 38 33 41 14
0.96 25 34 29 35 20
0.97 23 31 27 31 18
0.98 21 34 30 34 16
0.99 20 30 27 30 15
1.00 17 21 20 21 12
F—2Q0 : HFEMIHHE IC—BICEAIND
T—AQ : FHEMIIEKY %Eﬁ ZI—-FIcEATIND
F—AQ BRI RETFRERZTLEAIND
F—2@ : HFEMIEFE T/ - F5TICBAINS
F—A® : FEMBITEAL 2\

# 4.1.3-2 DR T LI, BRRIXKRLY, 70— X eI 2 EEO /Ao

MNFREINPNE N, ZhiE, B EOE AR 2 2S5 2 LN TERVORH
K72 EHERI S D, it,iﬁtf B A SHEANT D — A L, K2 % < oicE
AT DHr—A1L, —HBEEATr—A LD REWVGHREZ RS, £/, KT EEM 2 5
%A#é&~xfi,g%m%/~%mL%¢%ﬂbk&wx&H#@$XT4/7%y
NUT A PRFENTND, K 4.1.3-14 12, FEFRE (F—2@) &oBRROr—2
©, QOEESMOLEEZRT, F—AQTIE, KMEOELEITr—ADX 0 @O, /—
R 48 LAFTD / — ROBEIZKITTHELr — A L IFIERFETHY, ZIUTL W ARAT o4
YIXXNUT 4 DEDENSTEEZEZBND, EROMERICEY, FEME LR FERE D
Blains, EPRGREZRIRLZIEZIDEZ LW EEbh 5,
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1.03

1.01
1.00
0.99

Voltage (pu)

0.98
0.97

0.96

Node

—— Conventional

—— Distributed BESS (2)
—+— BESS at Node 57
—=— Distributed BESS (3)
—— BESS at Node 53
--------- Upper limit of voltage

PV 2.0 MW, BESS 0.5 MW, pf=0.90

X 4.1.3-14 SR L SEO0KER O BT 4040 O g

(8) TEMD kWh BEIZTDOLTORET

FROBFTE, BAWHTHD 10 HOHDHHDR 12 BOBETZITERE Lz, 20
R I, W 23 b ek U < BBJE R AR e b B LT 2R & B 2 b 7o,
Z ORI T, EEMOHDWNENDOFRET TREENDRAT 4 TF ¥ /30T 43
SR TR/ E D RIAHRTH D, 2F Y, 12 RUAORBH CHEHINDEAT 1~
TRy RUT 4N 12 FFO L& L0 REITFHUE, ZORMHENC 12 BFOKRAT > 7 F ¢ 8
T ATTOPVEEANTELHE W) EITD, LIER-T, K 4.1.3-15 [T~ T FlEE
B 1E, kWh HEZHEITX 5,
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128 LIS D BEREH T
EHEHFR-T-FFE
HC#%:t&E

>

L
DBOHCE g > 12 E I

ETHOERENE 128 &YX
M5 LHCE R
A
Y
RETITORRRA | LB TOERENE
sEmnonELss | MEEEHOLDET S

X 4.1.3-15 kWh xEHHFIE

AR O T, FEMEZ / — K57 762 [ZEA I, WILFETIA 500 kW, JIZA 0. 88

DEXIZ, RAT 4T F¥ 30T 4 BERD 4400 kW (3 4.1.3-2 BIR) L AR5 HEN
MTWd, 22T, FEMARETLIHMEZHR XL LB omEREE/ — T
H2D/— K57 HFHEMEE LT, ERRORKEAT 4T XX /0T 4 R840 &
IR 2, 7eds, EEMOWINE N ZM O T & & OZAREIEL 50 kW &5 5, BMEtofiR
I35 4.1.3-312FE L0, Z20o7a 77 A V%K 4.1.3-16 1= LT,
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# 4.1.3-3 kWh BEOEH

HC = 4400 kW, PF=0.88, at Node 57

] HC #EFF D SHRMZS | SR | 1 A
PV | Af | FREEE | B B B
(53] () () () VRIS | T RR F xR xR
(kW) (kWh) (kWh) (kWh)
7 132 825.1 | -693.1 0 — —
8 968 894. 8 73.2 0 — —
9 2244 984.9 | 1259.1 50 — —
10 3300 975.7 | 2324.3 250 —
11 4048 983.9 | 3064.1 500
12 4488 950 3538 500 1500 2250 2850
13 4488 962.1 | 3525.9 500
14 4224 974.7 | 3249.3 500 —
15 3652 962.6 | 2689. 4 300 - -
16 2772 997 1775 250 - —
17 1276 1037.2 | 238.8 0 - —
18 88 1033.3 | -945.3 0 - -
5000 600
4000 500
2
=3
3000 ~
400 R
&
2000 =
2 300 {%
1000 &= HSQM
1)
7] N\ o
0 =
7 8 9 10 11 12 13 14 15 16 17 18 %
-1000 100
-2000 0
=27

HCHEIFICRHRELBRINE S =PV — &7

4.1.3-16 PVH{hEtEEMO T 7 7 AL
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AR OZMEDO T T, 11 Rp~13 FFOM721F, SEEMmZ AWK 21T 2 Hald (2oiEnn
DOFFEF IO FETHRT 2 LMEELT), & 1.50 Mth OZFEMBEDNLE LR D,
10 Rg~15 RE D72 XK T 25613, HEMAEITET 2. 26 MWh, — A, FHE 2 E#HiE S
HAHELEIE, #12.85 MWh OFRBENME L7 D 2 LR nhotz, ERROFRND, bl
WK TH D 12 FFIZBNT, HDHRAT 4 7 F ¥ 30T 4 HEHEFRT 5720 DB

DOWINEN % P &5 5&, MOFHEEZTIC, —HBEIFRAT 17X "\v T 4% HIC
HEFF T 27 oFEEMA R kWh FE) (X, ZOWRINET6RKHBEE LT o700
FI6P I D LHERI =N D,

T/, £ ALIBIORTEIG, 1LEENS VERETRAT 4 77X v XU T 4 il
T 57D TR BB OWILE TN 500 kW & 2D 5720 D%, PV O IEE D A I
hENWZ L L, M 4.1.3-17T O $ K 51T, WINES) % 450 kW IZRRET D &, SR 739 <
FEILCHRAT 4 T FR N T 4 ZRIBIZTTL2ZE083H57-0ThD, Ik, HER
IWENEaZ/e D T~8 KL 17T~18 K TIX, FEMICHEBEORBNGFIET S,

1.03
1.02
1.01
1.00
0.99

Voltage (pu)

0.98
0.97

0.96

Node

—— Conventional

——450 kW BESS at 57, PV=3.5 kW
—— 500 kW BESS at 57, PV=3.5 kW
—=—450 kW BESS at 57, PV=3.6 kW
--------- Upper limit of voltage

BESS at 57, pf=0.88

B 4.1.3-17 FHBEMOWINET) % 50 kW T T 725mE OEEN
¥, ANRORERIT, S ET SR BEEFNLEWIEIZFEEI§ 25512/ b7k R
THY, SVROBENE BiEL SN TWD DI TIERWa®, SSROX v 7T ERNZHET H 2
TEESMCRAT 4 VT X ¥ /30T 4 BDEET D AREENE 2 5,
9) FNEHOFEED
A/NEITH, EHFEADREE AT OIL TV D KGR E D B LA Ik ORLERMIZ S 72
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L EE EAMEICEY, HIRISNDEARBELILKTH7-DOOFEL LT, =¥
—ITEAEE DM ZRE L, TORNEOFM 2 BEESM I L RAT 4 T H X R T
A DFETIToTe, £, RRDBAT 4 U T XX /U T 4 2G50 ORERR, K&
R0, B E LT PCS DNHRFEICHOWTHREITo72, WETIERAT 4 7 %%
N T A DFEICLD 7 4 —FOoIPEBMBENIET LMEN RSN TNDA, £
BIOXIRICOWNTORFNTIH E 0 72, RBFETIE, fEROFEMEZ HO L LIz L
F I EOZHMESHE L LTOHEANZMIT T, RAT 4 7 F v 80T 4 OFEICE
DEBHIGHIT, NTA—HG E%ﬁﬁi”ﬁ@ﬁﬁk@éﬂ fTo72,
BEDAAERAT 4 T XX /X T A OGHTIZE Y, WIS e bt L < 72 2 AN
DIk 12 BRI ,g%méiﬁwuﬁﬁb,ﬂ%@@@%ﬂ$ﬁ%k%<bt Alx kv
AFRERENIIZ D 2 Lo - ERETFATIE, /— R 57 5 62 [ZWINE A 500 kW
OEBM, PCS DSHEE 0.88 ITHETIIE, IkKERD 4400 kW ORAT (2 7 F % 3
T APELND, EEMERECELOIHMAEMBRETEILLWVWHIBEAND, TR EEZE
ELEEERER ) — R Thd/— T REHMTHL EEZ NS, T2 EROkEim%E
L, —HFICE ﬁ@ﬁkTXT4/7%¥A/T4%%%mTét@@ $&ﬁ%ﬁ
2.85 MWh ThoEHHLZ, ZICKY, —HBDOKRAT 4 U7X v RO T 14 i bk
wﬁﬁ%k&éﬁi2ﬁ"Téﬁ’%ﬁ#ék@@ﬁ%m 12 RHZHEE L 7o e KK
INEHD 6 fFLHEsND, B, 74— BRPOBEER FIROTZOICKE SIS SVR
0, F“ﬁ%T274/7%¥A/74_ﬁbf§k@%@%&&¢ &MLy Mo Tz,
SVR OFFAEIZ LV, KR ROREMBIZ I DEEDNMERAT 4 T X /0T 4 DE
mﬁ#%%u&éﬁ%@ﬁménko%g%%a T L — TS E AR T 2 4y iR
KR & i U, SRR SR IR MEPR PRI BN D W REE D H D XIRTH D 2 &35y
Mmool
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4.1.4 FBEIHFHEITDFEELED

AEITIE, BLERFA~O PVEREORMNAZ B E LT, PV # RGO/ E N E B
WCEBRMZEAT L 2HEL, EERMOEAILDRAT 4 THXY N T 4D
M EZhREZ EEMICH O Lz, £z, NEERIEBRMOMLEL LT, EEXMHEO
KRESFEHAEENRL R L,

PV HRMICEBERM A LA LZBAICHOWTIE, PV AN EERMICKET 2ES
ERBELEVEENWI ART A= ZHWTERL, BRELIWVELZ S EIEREICEZT
RAT AT XX U T 4, FEXMORBEL IO ERAREENEZHET Lz, ZORE,
NR—Z2 R L LTl - 3R 200sq ORI ET VOGE, —DOORLERIZE A REZR
PV EBENEEROEBEHRI TRESTLE 72D, BEFHA TE X IGEICEBHRON
VIRBEFSMENZ T ZENTERWVEN 2D, fRELTHEAT 4 7 F v X
T ADNSLK D EnbhoTs, B - R 400sq T VDA, —DOOEERIC
AFREZR PV EABIFELERO KM L W IER LT 5, ZORER, BEFTHAL TR
BN I REA— TR DTN, BEERHELZOATL 2L TRV 7 FRA— B
WD EMATREL 720, FERE L TCARAT 4 LI F X80T 4 2 KB RTE 52 b
Winolz, Var R EEAT 256 bt - HRH 400sq 7 /L & RERDORERZ G5
NDN, RAT 4 T X v /30T 4 THET D &, 300kvar OBE IR « H A 400sq
ETINED H00/NE L, 600kvar DAL 300kvar DA LD /IS o7,

BB A BRI CE BRI A2 BN LI GAIC OV T HRERICHRF LI 2 A, PViER
Il EERM T EALEGE LY bEERMAEDREL RDFMUNH L LR Do
72, PVHERBENEZE LR LZGETHY, EEROESEEEI D TREWEAT
b5, PV HLRNG L BLEAABINLHICEBMAGAN LIZHAEDRAT 4 T X ¥ /R0 T 4
NFRFEE TH-TH, EEALEILIGICEBMEZTEA LGSO MPEERO RN ES)
BRIIKREL D, NI EES— N5 ToDITIIEAHE T & Wil 2 BN 5 23,
BERNE ) DMK T T BEL RDENENOFRENRKEL Y, HRE L TEHEERMAE
DERTHEDLEEZ NS,
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418 SEXH

[1]

S R+ RO - TR AREETE - WG « RS - B - WRUDTR - AR K -
JUNGT « 5 - R AR — « G [RIGEHEEIC L D Wi 2 Bl BB (2 XI5 %8,
BRFREIHAN - BRI A FFES, PE-17-074/PSE-17-074, 2017

B BFEES « TRUERBEIC I T 2 JRME & 2 oxti], %664, H17%, 2010
MSEAEEEN Hre L% — « EEREEANBA TSRS, INEDO i &7 — 2 X— A&
AT A 201841 AT 7 X,

http://app0.infoc.nedo.go.jp/metpv/metpv.html
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4.2 PVEARICEIT2XERRBROBSGTEE

PV Ol A2 Fhid 5 Z 12k b HC OfEABMEE 5 2 & PVIC K 2 RERL
HIEE L Z ERAMaE L 72D, PV O CIXHICH D 206l 2 2 & 720 Tl, =
VX —ApE AL E 2 A2 VT HC Bl 2 WIT 55K bE X bivd, =R/F—I7k
EEAZHND Z EI2X Y PV ORBEHESRR AR ATEE2— )7 C, XERICLE /e 2 2 h )3
KT 52 L TREMEOELZH < ATREMEN B 5, HITHIENC X 2 B8R A & = x L% —
BFREE B I DB 2 B BT 2 O Tlde <, HDEIA E Tl X — Tk
EHOTHRIRL, 2l R OSI#EEZ T 5, HAEERRLEZ2 N5, Thbbh, )
B DFEE 2 BT & T %072 PV 2 AT A DOWREZ BT T, B ENE S I0H
HT&2 &9 RTIRIEFICERATH S,

Z 2 CAHEITIE PV O DM & = 3L F—f7dEE & s O 2B A8 0T, B
f)72 PV & = 3L ¥ s @A BO R E M S ICE T 2 FIEICO W TR L, 280
= ARRT AICET HFIETHLDHREETT D,

4.2.1 BHHEFE

PV O3RN K &R RIS UIESZERICEB L, M) — 27 B RIEITERAE L TE
T2 ER/ET D, ZOREIIAFEIFELZICIHVT, DIET, FERIRERERFEZ Lk
WCHWEb DT, FERAIT —X Ik THIENHEEKE, REZAWZHEFHEIZLD
BHENTHBKEOEDR, WEBH/NSS ZSEOr —ARAZ T ¢ 2 FhiT 2B A 878 Fik
EEZLNTWSLFETH D,

HC fifi s HEBEF O PV I KB AR GERP, N5 2 LIV, PV S L E R E aPy(1 <
), EEMEEZ(k—-—1Py U<k <)EALZETHPV VAT AEZETNVET D, 2K,
DT Z O/ TIZBESS OFRMEBE L RITBE L TV, Z 2 CTHRITHRFEZSE R,
PV M3 Kigs THE) THER) R TR 124 8L, ENENIREO R 5 1E%
W CUTURTRE & ARET D, BRI IR A HIENC K 0 BB RAT 2 EES,IE, K
(421-DTRE D, 7272 LBITAEHEB CHEYZ Lcia, R ZHT 5720 O1R3K

B=Thb, ZITIHO=0% PVIEEMIAM, 0 =n% PVEEK TALLTEY, 6,11

PV O3B hs S D A TR LR C, IEREROE N Z2E L T\ 5729,
SEPRIRRERNZ R 25 T3 57280, B TANT —6,L 72> T 5,

71'—61
Sp(a,i) =B Py (asin@ — k) do (4.2.1-1)
01

013 RV —RTEAEE D PV ) 2RI r[REZR R OB T 2 728, TREDE Y KE D,
Py(asinf; — k) =0

K
91=snrla (4.2.1-2)

RUTK LAZRAT D2 LT, MEAESIFTNERT LN TE D,
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/4 K
S,(a, k) = 2BPy (\/ a% — k% — Ko + lcsin‘lz) (4.2.1-3)

ZZ T, PO RAEHREIC LS RWEm A fREICT 720, EBAELENT5Z L%
E2DH, PV OREBEBENNETCEBHRTZERE LA ORE T & Spax 1L N
Smax =B [y aPysin0do(4.2.1-4) L RS 5,

s
Smax = Bf aPysin6do (4.2.1-4)

0
Ko TETEBH R EIE LG E ORE I BSpmax CXT 5 HDHEES, (a, k) DEIE
X =X
ay(a, k) = w = i(\/az — K2 - K% + ksin‘lg) (4.2.1-5)

LRI, Py B ERWBOFRERAEHT 5 Z LN TE D,
Sy(a, 1
ay(a, k) = Sp(@.©) = —(\/ 2 — g2 — Kg + ksin‘lg) (4.2.1-5)

Smax a

2L TSPV NEREAI L 2% BOBSBERETHY | FERO PV HITRBEIZKE
RERSNDTZO BRI > THRSBRREILIT S, €2 T MRIE] oD PV Az

oL L 7= B o ¥ B 8 N = oy & L X
_Sp@w) _1( a3 T in-1K .
ay(a,x) = =% —a(\/a k2 — Kk + Kksin a) (4.2.1-5)

EENZENORED B#d CEAAMITLTEBMBEESBEELEREZRDEZLE Z AKX

—— Tt ((k<ay)?ap(ay;k):0)xd;
ab(a, 1) = 1((x ayzgllbd‘:)’ K):0)x (4.2.1-6)
BFHNT,
4
- * (k< ay;))?ay(ay;, k):0) X d;
ab(a,k) — 1_1(( YE)4 b( Vi ) ) i (4—21'6)
i=1di
= 5) 2V
—— Tt ((k<ay)?ap(ay;k):0)xd;
ay (@ 1) = Elranan o0y (421-6)

WU FIORT# 4.2.1-1 ORT A—=Z 2T 2 Z & TRD DRI O 4E S I RN
WMIHTXBLEZLND, L, 20ORT A= IBEMFOT—2 2FHALTEY .,
ZOME TORMGRIAEIL 14.0% & 72> T\ D, ZO7=HEEREIHET OFHHE THV -
BEIERAL> TV LICHEERNLETH D,
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# 4211 RIA—HKE
REE PN EX MR
i 1 2 3 4
Vi 1 0.8 0.27 0.13
d,; 33.3 184.4 101.4 46.9
35 :
ol —— =10 |
— =11
25 K=1.2 ‘ -
= k=13 ‘
ﬁ 20 k=14 ' ' ' ' ' —
4 15— — =15
E
10 |-
5 .
0 |
1.0 15 2.0 2.5 3.0

BiREE

X 4.2.1-1 BESHELROHRRE

% [F3 iz X
[ 4 ; LK) .
ap(a,©) = Tic1 ((k<ay))?ap(ayik):0)xd; (4.2.1-6)

21;:1 d;

1257 4.2.3-1DF7 A—ZZRALTIZEZAK 4.2.1-1 0 % ) IpilfE#EiR L MESE L OBG

ﬁ%%htoE42&1#Eﬂa<%ﬁ®%ﬁfm%%@%ﬁﬁ&hg%éﬁf,%hi@

Bk < 7D LHSHEANTAEL, BN Lo LTWS Z Enbn5, %
L TCBESS ® kW AEZEINIED, 7772b6, xOMEEZHINSE5 &, NSRS
BINEL 2o TVDZ L Rbh b,

422 RT—ALLDOEHBRIBRESH

AN CE U 72 FIEDS BB RIS A AR5 DIk T —# 2 W T & [FERD
WFERCE L SR OBMRE RN T 5, ARG CIXB R OEEHS O A&7 — 2 &
M-, BHOBZ, PV IR ARREICHET 2 ERET D E, HESNSD PVO
FEFHRNE LS /INEL o TLE o7, £2T PV 7SRO EE T T ORI R
DK 14% THDHZ & &2FEL, PVOHINTLLTOK 4.2.2-1 @ X 512 1100kW/m? % Tl
ASHEICHAIL, ZNUETIEHAREMT L0 L Lz,
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Py

PVHL 71

0 1100
B 51 & [kW/m2]

X 4.2.2-1 HA&HE PV HDOREE

OO OB OB o= #BOXx £ oo H O OOH X, 2V
a,(a lc)=M=l(\/a2—k2—k5+ksin‘15) (4.2.1-5)
b Smax a 2 a -

XV BASESE PV HAOWEREIIN S S D720, A&7 —22FHAT 20T
% &EZ, 1100kW/m? (23172 PV I ZAVINGICEIT DPy & L, A EOHEZ a5
% Z L THEMAICBT DFEERFO PV )7 — & & L, 4R CrPy ZiE L2 fEH L,
—AEDofE S NI H T — 2 ORFINTEI D Z L TEBBESIEARERD L, TOFMEOE

PSR ROFE 2 & ST R 2N 4.2.2-21CF LT,

35 [
| 1.0 —e— ]
30 11— | EEEEPE.
2512 §§§§§§§§§L
£l tes—e— 7 riiii ; 5555 s8]
i i . LT ey
& 0" 6% 500 gusiieed]
B III III IIIIIII
°r IIIIIII Iiggiii |
.
5 |- Jastast’ L aEiiest |
[ ﬂQ!:;‘z:ﬁxgggzllf ‘
1.0 15 20 . )
B

4.2.2-2 MEBEREOFFHE
Zhbbba< %@%ﬁﬂﬂ%%iﬁﬁemi EREREET, kOEEBNESED EHMAEK

BRI T B S HOWTITHGRE & FEES DY, 26 BIZad ey, SBIcsSE AN
KRELRVEIT D, TDW, o> 2k CITAZENHRE & ORENKELL Lo TND
ZENbND,
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4.2.3 WRBEREFHEZFALEPV R TLOKE

LU EDRE R 2 W TEBATHIE I - 72 MBS R L 72 5 K 5 7 BESS AR LEfE
HEOBREZ KD, VAT LERO—FlZE X2 5, ZZTiE, FIT TO PV O HJIiH 4
i1 80 H, F7I3HM 360 FFFRO LN TWND Z a2 5F 4, FMMESBEEAREN 8N LD
GaoMRERICESHERESE BRET — 20005 RMELZ TN 4231, X
42.321F DT,

3.0

BHmE

1.0 ‘ ‘
10 11 12 13 14 15

BESSEA®R

X 4.2.3-1 FEFEESHEIRE %L DV AT LD HE

3.0

BHEEE

BESSE A

X 4.2.3-2 FEEESHERIRE %L DV AT AOFHE

BLEM R ERBESHEAREZRETTE, HERELFHEMELREN NS NI ER DM,
BESS EALRANMSE S Z L TlBEEHELZ KIBICHEOT 2N TED LN ZEB8bh
Do

7272l ZORFBTIREICEERD kW FEZRD L FIETH LN, (EEHEERD =
A MIKWh B K> TRED Z &R Z, 22T, ZZTIHERICARET =1 H0E
REBMOREZLUTOFETHEM Lz, HMEE, vi(= DORICEERICEEIND T
INX—EEFESL, ARNEF—Z2HWEETIE, ETOMEO FT—H L ICEE
HICKEBEIND =X VX —B 20 L, BRI THRRERDIEOHEEZ EEMONEREL L
Too TOXDIEMZFERT HIoDICHBEREBMOREL K LEEMO kW HETHIV,

4-132

- 1411 -



FEf= (kW HEICKT 5 kWh HEOD) ONbLTROZEZ A, ZNENLUTOK
4.2.3-3, 4.2.3-4 DL H T/ o0z, 1272 LEGRIEIZ A EER CORERO T, £ 4.2.31
DX BRBEEIT o7,

# 4231 #HEEK
0 0 — =
t 6 — 18

-
o

BESSZ&[h]
N W ES [$;] (o] ~ © O

1.0 1.5 2.0 2.5 3.0
AR

4.2.3-3 AT LRRALIZ VB BESS B EOHGE

1

0
\ -
9 11— - =2 a 82
- = e 8 =
g 12 iiiigli N
_ 7 1.3 —e—] iiiil -
= « 23 ¢
b 6 14 —eo— ® 23 -
el 5 15 ] ‘g% _
)
a4 [) .
o 3 = E%E |
2 3 : N
1o .
0 [ \ \
1.0 15 2.0 2.5 3.0
BEEHE

4.2.3-4 AT LR EE 7 BESS BREOHEE

4.2.3-3 LX) 4.2.3-4 (23T D Z LI, WFEHREER A AN SV & X2 BESS AR R
PIZHIN L, WEEENRKE 70 d & VNE BESS &N fafid 52 Enbns, 74,
SSHAETENOME L 725 BESS B b, ETF — X bLE L7~ 7= BESS A& % ik
T2 L, ERMEEKEOEHE L (TR0, WBEEEN/ NS VRO F ORRENKE L 72
HTEMNHEA LT, ZORREE LT, 12 BEfHED PV 3&EH T & 7e 2 R O 1 A B3
K&EL, EZETEMLIEREERTHAREL WD ZENBxonb, £, BFEH
RITHF L CE L 725 BESS HEMEILS #EipoTWnWbH Z Ennh, #&iET 5 BESS OfEH
LR STL HHEMNDHD L2 BEEBTILENLD EE X5,
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LLEDF—%Z AT, PV 3% L BESS R DKV AT AOREREFZE D 2 A N THEA
ST ETHZ L TRFERR PV AT AOMBRNIRETXALEZ NS,
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4.3 EBEZRBZEDMY AN-EERMOZFETME
4.3.1 BEFMUFTEFE

W41 B TTEH L BRI OSBRI S &, 7 — 2 ORI A el - it 5,
PRFPEDOFAME, MEtr — A EOERE (=EME + T8 HEEE +EEHEKE) 1TXY
T
(1) RIEEEBHOER (EME, IE) B

K —AOREEHE (174 —%%70) 2% 4.3.1-1 177, BHEMEE LT, BEE
1T 45m, 6kV X/yBHEA%R O EMIEIX 500m L AE L, KEMEd 2HPAICIE UT, K55
PAZRS> SVR DB EE OB O A B DS EEZ2 BH) FN 72 5> T d, & 4.3.1-1
WORTREEHBICR LT, Uik [1] ~ [6] #2581, REHICEME L TRZRET
Do FEiz, Var gl LT, ARXIERE IAELEE (STATCOM) #487E L, Fidty
L, AR HELEE 18 4B, Fl 1% 4%6B EKEL, 0.079 L% E Lz, [RERIZ,
STATCOM LIS DR EE R (B L T, Bt A5 2 30 451, Fil 13 4 4% & E L, 0.058
ERRE LT,

#4311 Hr—AOFERHEE (174 —4%720)

HE
i 200sq 200sq By
200sq + Q300 + Q600 400sq
AL 200 13.1 13.1 13.1 0 k

6KV ZBZZREL > n

_—_—" AL 400sq 0 0 0 19.1 km
6kV X5 BRI 600A 25 25 25 37 &
SVR 5,000kVA 2 2 2 2 &

STATCOM 300kVA 0 1 2 0 =)

2) ERBOER (EH#EE ETHRXE) B

EfEE L BLERREICOWTIE, ERRRT — A L D& ZXIRITHES B & L THA
T 5, EREFICE L TIE, K43.1- 11T X918, MFEEEELEERE 1.45%, MHFELER
THEIANERE D 3EEENZ 7225 6 o LRBE L, A HAEE O IR o 44 5 ek &
BUEMER L7=1%, FIT73R 4% 2 O TERS 720 0B 2R Uz, BlEHEERITER
HIEIZ, 10 F/AWh 2807 TR LT,

VA 1 AV PE O B ICR T 28 LD, RCEROMHFEE 30 4F 2 2B ITRE,
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FIHHERES 3 X 3

MR

RIHHEREFL 3

I
A (i A AF 2

PRI

X 4.3.1-1 FBFEE L ERE

Q) FHERRT—X DL

B ATEICBWC, T — X EBBLTRE, BEEREENONY 7 REA— N,
RAT 4 U TX XN T 4 OFER E 7255 —ANREL Aoz, REITIE, NI E
BA—NEHIET 20BN E LT, FEME HAGIEZEE L, WRROREEE
s - BRETT 5. 5 4.1 BlCBT ARE S — AN, ORI L Var FAFEERO A Txt
T D 47— (F4.3.1-11THIE), BELO400sq I KL L2 LT, N7 FEA—N
WHE LT MERAEEREZMARETHr— AL PVIRICEBMERET D —AD 2 r—
A, ZIUCH I — A 2 N2 2G5 T 7 — A REETHMOx SR r— 2 L35, G
KNG —ADRAT 4 T X% /X7 4 L RRFETHII LB e i A RS2 £ 4.3.1-2 107
T, BB 12 7 4 — A R LTS, £431- 117 T 17 4 —& 4720 OfER
HE RS 125 L, BREALERSCEERIZOW T, HEMOFEICESHTHET
%, PV & EM Ay — 2 & H A7 — 2250 TE, LEVME 60%DfE RARFr— A &
T, RL#T 52,

2 L& VME 60%LLS D A FS W R F RIS W TIE, 5 4320 Taeik 15,
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#4812 BT —ADKAT 4 TH x0T 4

RRATAVY
*tER At 5% ERER
(MW)

HER RN 3.6 BE

200sq 14.4 BE
200sq + Q300 372 NUUBE
200sq + Q600 336 NUUBE
400sq 384 NOOBE
400sq + EERERE 49.2 66/6kVZE LA = : 30MVA NVORE
400sq + PVIHZEith (LELViE: 60%) 51.6 EEMARE:41.28MWh NVORE
400sq + Hi S HIfE (LELME: 60%) 51.6 ERH ABIEE2175MWh/year | NUHIBE

4) EEHDIL—V14—T X MEH

& MO IOV T, A% OB EMIC XL » TIRWIER & 5720, KoMrick
WL, HEMOMEE ZRETET, ZoOMEUl FThiuL, Bk L v bEEMmE A
TGN, MRERANLEL D EN ML LTHRINT 5, T7hbb, N7 RE4—/ %
W e LTEBRMA VDR BN 25 3 5,

IR — 22T, (4.3.1-D)FRUTRT K 918, FER O 7 fil 8 &2 (218 W] RE AT
BT b OB E LTRET 2,

HIF I — % 2 IR (1 /4) = 40181 00 17 040 (kWh/462) (138 7T BB 6 (1T /KWh) (4 3.1-1)

BB — A2 ONWTUE, (4.3.1- 2R K 910, BEMO R ER O (EkE)
ERMEICHESBIREHOME LTEBT S, 228, KEDFRIL0.85 EHET D,

B

R — % 2 (/4 = A5 B KD R = . e (/)
+5‘ETJ&E§D A (kWh/4F) x[a]#E Rl BB SR A (5 /kWh) (4.3.1-2)

HAHIE A — 2 & EEMr — AOERANE LN WS FREDOT, EEMOT L —7 A —
T aA MeRET5E@.383.1-3) X0k HiTh b,

el B el

YL FTH Eﬁl|¢ﬁ®ﬁﬁ%@a ﬁm%ﬂzl
| _ERRE | A 1(4.3.1-3)

A B

AXE, A L B OO b, A TRERHEIZI T DEHESREOZITKFL, B
TERIFHEDHT OFRERBREN D, EFEBMO A FRAT L= (=T a ALY

LEMOTL—7 4 —T 22k ([H/kWh) =
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BT, NUTFEA— XK E LT, WAL YD bEBME D50, BRED
BEALEDR D &V T iR L 725, £ 4.3.1-3 12, [BIBEATREIUIN & F B O A5 A X Z
A—=B L UTESHETRDO ADEEZ R, 22T, FIFRT4%BNZEE L TWD, KT
DONHIELE 110 T, HKMEIT 204, HB/MEIT 41 72> TRV, HRKRMEOR/IMEIZRTT 5
FKrLDHE 503 LD, Tihbb, ARTHMTLIEEMDO T L—r A4 —7 0 aX Mik
KTH03MEDOHENHLZ L2725,

7 4.3.1-3 [ AJRERN & FEMOMHFEEZ T A —2 L LTI A Dff
[EERTBE/RE  (FH/kWh)

5 6 7 8 ¢ 10 11 12 13 14 15
£ 10 41 49 57 65 73 81 89 97 105 114 122
E 11 44 53 61 70 79 88 96 105 114 123 131
biuk 12 47 56 66 75 84 94 103 113 122 131 141
(] 13 50 60 70 80 90 100 110 120 130 140 150
it 14 53 63 74 85 95 106 116 127 137 148 158
A 15 56 67 78 89 100 111 122 133 145 156 167
F 16 58 70 82 93 105 117 128 140 151 163 175
£ 17 61 73 85 97 109 122 134 146 158 170 182
~ 18 63 76 89 101 114 127 139 152 165 177 190
& 19 66 79 92 105 118 131 144 158 171 184 197
~ 20 68 82 95 109 122 136 149 163 177 190 204

4.3.2 FHMERRLEEBR

1) BY—RADERE

X 4.3.2-112, 12 7 4 —F &R E LIZRD, %7 — A 2B HERE O R R, 72
B, RO BIIE, 7 — AMORFMEZ XTI IE: - 5035 Z Li2h D7, il
FERENRLEWWI— A% 1 L LEERRE LTS, £, 21.1@ThRR7ZL 51T, A
R TCIE, RO ARHEFEMAZ BB L, EEMOMKIIAEET, BB OB A
[ FTEERMICRA L T, T A—H L LTEIEIEDZ L2 RAFEHELTND, Lh
L7235, BURIZE T 28 HOBBRZ R L TR 2 L I35 %OBRFICAEMTH L7720
2T, EEMOMEEZ 50,000 M/kWhs, il A% 15 4261, [BhkE AT Rl 4 10
M/A&Wh & LT, Bt —20BHAEZEE L, SUROBETIEH DA, PV ML BT
— 2%, WA —2 X0 BN EL RO H D Z &g nrol,

3 BHRMAORILEEMZAE L, LHR[7][8]1% & &2, B A7 MMtk & LT 50,000 H/kWh
& ﬁz[_/fuo

4-138

- 1417 -



1.0

w09
#* = HARIEICHESBEER
M08
s
é 0.7 nEBEH
Y EE-FS
X 06 [
| uEHEH
5 05
e B STATCOM
& 04
5 B
€ 03
WD s REALEER
B 02 st
+ &%
ﬁ 0.1 -
% 00 | . . ‘ .

-0.1

200sq 200sq 200sq 400sq 400sq 400sq 400sq
+Q300 +Q600 + REBERE +PVIRE Bt + H Al
(LELME:60%)  (LELME:60%)

X 4.83.2-1 447 —ADERE

L, AL, BAIREOEMOE LR TR LT, BT 52 LixTE
R, FIT, BROHEGEETHD, RAT A4 TX X80T 1 OFERES AW T8
EIT9. BT —RIBTDRAT 4 I X v/ 0T 4 CEREOGRE 77 7k LTzt D
ZX 4.3.2-2 \RT, 7ok, RO, v s HALOAR (1380kW/ 7 1 — & X12 7
4 —%=16,560kW) 1Zxf9 % PV EHAEDLERTRL TS, 400sq 7 —ADKEAT £
TXXNRTT 4L, NUTRES—NDBRy 7 Lo TNDHeD, N7 KEA—/S%5HEK
EEIETHIET, RAT 4V T XX U T 4 ZRIHENEELZENTED (FROMR
HOFORRK) , KEOFERIZIENTS, HAHIE —2 Lk L, PV @m&Em S — 2%
FVMEICH D Z Wb,

1.0 AP
—~ / \
= 09 1 i
"o ] V| etk
x ' i ! B 200sq
W 07 | |
X ) ! H A 200sq + Q300
L \ / X 20054 + Q600
lllfu 0 5 ‘\ ”
& " )‘\ RV © 400sg
{FIE 0.4 <“—@ \\_,/
D A400sq + EERIBRE
I 03
i @ 400sq + PVIREEith (LELVE: 60%)
0.2 =
i W 400sq + tH AHIE (LELME: 60%)

0.1

0.0 * . .

0 1 2 3 4
PVEAZ/ET

X 4.3.2-2 PV # A & & 408 O B4
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(2) BEEMDODIL—YA4—T2aRXk

X 4.3.2-2 O PV st ZEmh/r — 2 & HAOHIEr — 20k RIS, HEMoTL—7 4
~fysxb%%m¢ék,%4321ﬁ%%ﬂ50%¢®%$ﬁi1&6H&WhJﬁk
1 9,131 M/kWh, FHMHEIT 4,932 H/KWh & 720, WFHICLTY, ik LzERIC

\F % RO E M & T D & RIEITRVWVE S 72 o 72,

#4821 EEBHOTL—r 4 —TF 2 aRx |k

ElEATRER M  (F/kwh)
5 6 7 8 9 10 11 12 13 14 15
10 | 1,816 2,180 2,543 2,906 3,270 3,633 3,996 4,359 4723 5,086 5,449
11 [ 1,962 2,354 2,747 3,139 3,531 3,924 4316 4,709 5,101 5493 5,886
12 | 2,102 2,522 2,943 3,363 3,783 4,204 4,624 5,044 5,465 5,885 6,305
13 | 2236 2,684 3,131 3578 4,025 4473 4920 5367 5814 6,262 6,709
2,366 2,839 3,312 3,785 4,258 4,731 5204 5,677 6,151 6,624 7,097
15 2,490 2,988 3,486 3,984 4,482 4,980 5478 5976 6,474 6,972 7,470
16 2,610 3,131 3,653 4,175 4,697 5219 5,741 6,263 6,785 7,307 7,829
17 2725 3,269 3814 4,359 4,904 5,449 5,994 6,539 7,084 7,629 8,174
18 2,835 3,402 3,969 4,536 5,103 5,670 6,237 6,804 7,371 7,938 8,505
19 2941 3,530 4118 4,706 5,294 5,883 6,471 7,059 7,647 8,236 8,824
20 3,044 3,652 4,261 4,870 5478 6,087 6,696 7,305 7913 8,522 9,131

() MBSO &bl Bl
=

# 4.1.1-7~% 4.1.1-20 OFERICHESE, PV EARICHT 5 0B EEMARE L EMH
NI EOBREFE T 5 LM 4.8.2-3 DX O D, FERIZ, (4.3.1-3) R RTEHEM
DT V=0 A —=Tvazx O BOEE, X4.324DX512725, TL—7A—T>aAk
O B O, HRHCEBMA R, o FICERHDHEERH 5720, ﬁ%@%%ﬁ@m
WHET L, X 4.3.23 25 E, PVEAENEINT IR, *ﬁﬂﬁﬁ T
MU TWD O3 LT, M6 &SRB Em L Tn b \ﬁﬁﬁbfmé
DN ND, %@Li@,7v~&4~7/:xb®B@@ﬂ,—E%ML,%@%@
FEMZRLTWNDENWR D, £4321DTL—r7 (=T aXxMIToWE THEH L
WRTHY, HAOREIPER ORTRELTWD, M LT, IIII OWE TIE, e
EVORTHHIHEPRET L2720, FEOMHIEENRELL 2D, ZO/RE, 7TL—
JA—=T L aA DO BOENPRKELRolzIRTE 5, 22T, X4.3.2-4 DFEFIC
x, II & III OWaEICBITA2EEMDO T L —I 4 —T L a A NeFNENE mﬁék,%
4.3.2-2 L% 4.3.2-3 D X 512725, Wik 11 ORFOR/IMEIX 3,996 H/kWh, B AfEIE 20,086
M/kWh, FEJfEIE 10,850 FI/kWh & 720, Wit I ORFOK) 2.2 5L Ie o7z, £z, Wik 1T
OO fe/IMENE 5,644 MH/kWh, e K EE 28,371 H/KWh, FH4E1E 15,325 FH/kWh & 720,
Wit I ORFOR) 3.1 15 &7 o7, ULEDORER LY, HFEMOEHAXIZISIT, PV EAEH
T BIHE, HAHER AT 2 BN BT —HRE ML, ok, faf
Bz rmd 2 ENghotlz, Z0kHL, FEBMOT L—I A4 —T v ax M, BHlEM
WIS U TELT D E WS- R SR H 5, WD, REL-ZEMIL, N7 BEA—/%E
W LTV SR AN, A PELSERI O HBIC b EHA T 5729, EEOEEM
DOE XN RIE, D ORFEMEEZ 2 TR LAEDY GHET 2 L8R’ H D, o T, K
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W T, BA R oREMEO—mE LT, N7 /EA— SRR T DR il iE
ERMLIZZ LT D,

1,600 . 250
1400 -0-%%;1*31’"&%' _ A R
- F/HH HHIEHE &
1200 §
£ 1,200 <
= =
= 1,000 / 1 150 ﬂﬁ
& g0 &
Ep 1100 R
4 600 3
m
400 [
// 150 #
200
O | 1 1 0
0 100 200 300 400
PVE A E (MW)

4.3.2-3 PV BB 2 3 M A B & 47 ) il

160
140 £ il

120

100
80

60 f
o &

20

—

TL—9A4—T2aRLDBDE

O 1 1 1 |
0 100 200 300 400

PVEAE (MW)

4.3.2-4 BB MO T L —I A —TF v ax D B OfE
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$%4.3.2-2 EEMOTL—r A4 —Tax s (11 OWHE)

ElEATRER M  (F/kwh)
5 6 7 8 9 10 11 12 13 14 15
10 | 3996 4,795 5,594 6,393 7,192 7,992 8,791 9590 10,389 11,188 11987
11 | 4316 5,179 6,042 6,905 7,769 8,632 9495 10358 11221 12,084 12,948
12 | 4,624 5548 6,473 7,398 8,322 9247 10,172 11,097 12,021 12946 13871
13 | 4919 5903 6,887 7.871 8,855 9839 10,823 11,807 12,791 13,774 14,758
5,204 6,245 7,285 8,326 9,367 10,408 11,449 12489 13530 14571 15612
15 | 5477 6,573 7,668 8,764 9859 10955 12,050 13,146 14241 15337 | 16,432
16 5,741 6,889 8,037 9,185 10,333 11,481 12629 13,777 14925 16,073 | 17,222
17 5993 7,192 8,391 9589 10,788 11,987 13,186 14,384 15583 | 16,782 | 17,980
18 6,237 7484 8,731 9979 11226 12473 13721 14968 | 16215 | 17,462 [ 18,710
19 6,470 7,765 9059 10353 11,647 12941 14235 15529 | 16,823 [ 18,117 | 19411
20 6,695 8,034 9373 10,712 12,051 13,391 14,730 | 16,069 | 17.408 | 18.747 ["20.086

$%4.3.2-3 EEMOTL—I A4 —TF v ax s (I OWHE)

ElEATRER M  (F/kwh)
5 6 7 8 9 10 11 12 13 14 15
10 | 5,644 6,773 7,902 9030 10,159 11,288 12,417 13546 14674 15803 16,932
11 | 6,096 7315 8,534 9754 10973 12,192 13411 14631 15850 17,069 18,288
12 | 6,531 7,837 9143 10449 11,755 13061 14,368 15674 16,980 18,286 19,592
13 | 6,949 8,338 9728 11,118 12507 13897 15287 16,677 18,066 19,456 20,846
7,350 8,821 10,291 11,761 13231 14701 16,171 17,641 19,111 | 20,581 22,051
15 | 7,737 9284 10832 12,379 13926 15474 17,021 18568 20,116 21,663 | 23210
16 8,108 9730 11,352 12,973 14595 16217 17,838 19460 21082 22,703 | 24,325
17 | 8466 10,159 11,852 13545 15238 16,931 18624 20317 22011 | 23704 | 25397
18 | 8809 10571 12,333 14,095 15856 17,618 19,380 21,142 | 22904 | 24665 | 26427
19 9,139 10967 12,795 14,623 16451 18279 20,107 21,934 | 23762 | 25590 | 27.418
20 9457 11,348 13,240 15,131 17,023 18914 20805 | 22,697 24588 | 26479 128371

() MBSO & bl
=

() MBSO &bl Bl
=

(3) CORRFAHIFER
ZHETHE, HAGIEEZ =2 MR L CEHME L T\ ey, 22T, 4.83.2-1)4.3.2-2)
KUTTRT CO2 [RAHIEE 145 L LTHWS, PV U 2T AR hooft, ZHEHEsRE:H
FEMa A NRBEINLTND,

Spy X Cpy xUpy + Cypp5q + S X Cyy xU

St

W aier = Wheore) % Reon (4.3.2-1)

Spy X Cpy xUpy +Cyop54

curt

, after Wbefore)XRCOZ (4.3.2-2)

Ay HEM— 2D CO2 [RFHIEE M (M/t-CO2)
Spy : PV v 27 A58 (MW)

Crr: PV 2T L3z (H/MW)

Upy : PV VAT L OHFRE R

C400Sq : i;ﬁ 400sq r— A DFREE (/)

Cy: EEM= 2 (/MWh)
Uy : EEMMOERE R

Y CO BT FUERB T D70l BE A (F/t-CO2)
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Wapier © XIH A% DA PV %\éaa & (MWh/4)
Whefore = VEFRRM BT HEM PV JEER (MWh/A)
Rco> : CO2 HEHIFREL (t- CO2/MWh)

Acure » tHDHIEI 77— Z D CO2 [RAHIEEH (F/t-CO2)

COz HEHHEREIZ DWW TIE, PV OB 3721 LNG A EORE RN DT 5 & 48
EL, #4324 THHEDOT, (4.3.2-3)XU2 kY 0.358kg-CO/kWh R L7z, =D
et & LC, EEth = A X 5,000 F/kWh 725 5,000 %74 C 30,000 H/kWh £ TZ
b, PV v A7 LAOFERE LT, BIGMAEE L 17 485, Fl 7254 4%6I & KE L, 0.082
ERRE LT,

# 4.3.2-4  CO2 PEHHRE D St

1EE #iE e
EEIRICHTHREEDE 54%(HHV) 1600°c#kGTCC ©
EEENRE 4.7% 2016 FELE Ty "
LNGD k= HEH R E 51.15t-C02/TJ 2 | A3 =
BHENHEHRE 3.6MJ/kWh 1kWh = 3.6MJ

)i & B O HAT L x LNG O R FE RS
EEmMIZI I DI ENE « (1 - KELE v AF) (4.3.2-3)

00, HEHREL (kg-C0, / kW) =

PV VAT LaA k% 20 HHEW & 10 TH/EW & L7ZFED CO2 [RAHIE A%, X
4.3.2-5 L[ 4.3.2-6 [ZZNEIURT, MEhOFER PV 3¢E (1T PCS it (il —
ADEE, HAHIEE) OBKEEZRLTWD, &k, FEIX, HAHEr—x L &EEm s
—ADIAARA L SPHEBILEGNE IR LR TH D, 22T, (4.3.2-1)4.3.2-2)5X

ICHEDE, M4.3.2-5 LM 4.3.2:6 2O\ TEETDH, £7, (4.3.2-1)4.3.2-2)ND4r 75 2

TH Caoosg (400sq 77— A DHEREE) IZOWTIE, 2 TOF—AZBWT—EEE 72> TN 5D,
HEM — 2O T, (4.3.2-DRDOS T 3HD CylZE B A MBI D720
HEM A NPEVEE, DTN KREL LY, CORAHIREN b EL 5, —E,Mﬁﬁ
B —ANZDNTUE, (4.3.2- 20D R Waper (REKE OFR] PV FEEE) (2 HI 6l &2
KEin b, Mﬁﬂﬁmbgmm#k%w&,us2mﬁ® >FH L Spy (PV AT A
i) DRELSRDD, Waper (ZHTTHIEL DIETH D728, SprlZHFI LTI L 72, Z
DIz, HAFIEO L EWESKE VR, COBAHRE A & LCidm< 25,

PV v 27 A3 X R3S 20 15 /KW QRO H ) HlE 27— A0 CO2 BRFHNRE A% L5 &,
L & UVMED 40%HE0 5 EJ/- LIk, 30%iU00 TiE, WihoZEsEmr—2 L bE< &
STWAHIA R TEND, PV AT AR RHR 10 HHEAW OEEOFTRICEBNTS, [
BROMRNRTEND, Wo T, MR —AZBE LT, LEVWENREDOEIG %

S REMFES 2 25 CRE
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W95 &, CO2 BB RSB 35720, BRAMHENBD LT SITHERN Y
HThbd, 10k, M4.3.2-5 £ 4.3.2-6 DFERIL, FEOREMIZKIT DR TH DRI
BETDOILERD D, o T, AMOMEROERKIL, CO: [RIHITE HOMRHECIixe <,
HEM A — A & I — A OMXHE 7R B E B ST A R d B,
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140,000

—, 120,000 LE M flAE
8. (yen/kWh)
% 100,000 5,000
>
E 80,000 . = 10,000
ﬂéﬂl ? % X A 15,000
F ©0,000 Nfr; % ‘ ’ 4 % 20,000
: - Y
ﬁ X 25,000
= 40,000
8 # 30,000

20,000 H 77 i fE

O | | | J
0 100 200 300 400
FRHPVHEEE (GWh/year)
140,000
10%
130,000
= B i
g 120,000 yenWh)
< 110,000 5,000
(]
E 100,000 = 10,000
ﬂg 90,000 A 15,000
o= LELME 20%
i:_‘ 80,000 | 709 % 20,000
= 70,000 \ 30% . X 25,000
Q \ ® X 430,000
O 60,000 ¥ X X ,
TR . 1
50,000 7
60% 50%
40,000 . . . .
40 60 80 100 120
FREPVHEEE (GWh/year)
4.3.2-5 CO[BRENEA (PV v 27 A% : 20 5 H/KW)
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CO,RRFHIFE A (ven/t-CO,)

CO,PRAHIFE A (ven/t-CO,)

80,000
70,000
60,000
50,000
40,000
30,000
20,000

10,000

80,000

70,000

60,000

50,000

40,000

30,000

20,000

E=Shullity
(yen/kwh)

4 5,000

10,000
A 15,000

KA®
P AX®

|
&

¢HP> XX o

¢ B p X|X @&

X 20,000

X 25,000

30,000
tH 7 ] e

0 100
FREPVHE

200 300

T = (GWh/year)

400

10%

E= Sl
(yen/kWh)

4 5,000

- LEULME

10,000
A 15,000

70%

\

20%

X 20,000

s

30%

SH>XX®

X 25,000
4 30,000

SHE» XX

60% 50%

40%

H 77 10

40 60

FEEPVHE

80 100
B E (GWh/year)

4.3.2-6 CO:z[RFHIEEH (PV A7 L% H
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(4) RERSBIOEZHEICHIT HEF T
%42%@!4222K%w1,&%1MW&ﬁﬁb,ﬁ%ﬁ%mﬂ#%%%ﬁﬁﬂ@%
ERMT 5 EX4.3.2-T DX D725, WEEENRKEVE (PVEAERENT ),
A AHE BTN L T D, £, VNSO (BFEHMOSHEEIG NSV,
e HDHEEORMBERRENZ EEZRLTND,

1,200
= 1,000
g K
é 800 ==1.0
=3 // —-1.1
]

600
ﬁ_ﬁ‘ / 1.2
& 1.3
R 400
H —=1.4

200 —0-1.5

0 1
1 1.5 2 2.5 3
BIEEE

4] 4.3.2-7 @FEHEER X2 AR H D il

542D 4.2.3-4 1I2BWT, Py & IMW & ARGE L, FEEER I3 2 B £ (kWh)

R D LM 4.3.2-8 DL DT D, WERENKREWVE (PVEAERNEINT L), &4
TAABEMABENEML TS, £, c PRIV FEMOSHEIGNRKE V), &
EAEBRMABOEMENREN 2R LTINS, 2B, «=1.0 IZEELOSHEIS %
ErELTWbHed, LELREEMRAELERERD,

4-147

- 1426 -



5.0
4.5
4.0 K

s
—1.
s 3.5 M 0
o 3.0 -&-1.1
g__]] 2.5 %W 1.2
# 2.0 =13
M '
15 ——1.4
1.0 —0-1.5
0.5
0.0
1 1.5 2 2.5 3
BFEE R

4.3.2-8 EHCEICKT 2 EEMA E(KWh)

(4.3.1-1D) & (4.3.1-2) & FIWC, FEih & IR A /DA D -5 OFRE 2 H
L7 R A X 4.8.2-9 (TR, MM IE 20,000 [1/kWh, 10,000 F1/kWh, 5,000 [1/kWh
O 3 Y, FARIHEEIE 15 4E8), [EEETREIRANIE 10 FI/kWh L48E L7z, 22T, «=1.0
X AHIENC X B3, k=15 ZEFBHOSHEEGEZ R RE LR THLZ LIC
EL, K4.3.29 %#&47 5, FEMhk2Y 20,000 F/kWh OFfE, «=1.0 #%ﬁﬁﬁ&d\ y
bV, HORIENCRBEENERSH D Z EB 05D, —F, HEMME 10,000 F/kWh O
RIS HCR AN 2.2 A1UTIS, EEMAMEAY 5,000 [/kWh ORISR 1.4 (0T, H
I — A L BB —AD T 0 ARA U ERH D, 4.3.2Q)DGHTIZBNT, HEMD
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SI DRIERTE
fi&

BriZRkE, HL
(TBA%E - DR &
INEEHERTE

FJERE, DR
SIEHHRE

3T 140 7B il {0 BS
EOEBERE

EMWHEAR
DEHFERTE

(b)

Bl IC 61T 2 EESCERICHT 2B A2 E T 2 LTI, Wi EEENEE L 2D,
Z D RTUE, FEED Power Potential Project X 9 (2 DERMS % @ & O+ A& RE & Fii-
52 L%, DERMS 2ER L7 HICED ERLEF I O X7 A(DMS)72 EDNREH R 21T
22 EbEZILND,

FrlZ, PV 21X L LT % DER OFENAMEZRE BAD L0 RGai12lE, —&Elhb
DIEEEFF o TR AN EEIC 2D B2 DD, ZOEBO—20F, HIiAKE < 72

% L EEEAVIBIERIEIED @< 7220, SR 11

BEEMICH 1T HERARE

TOEAETHEBEMET LY, EERL

EBRNRAET D72 E, BEOFEMPEMLT 22 LBERH SN TV LD THD(6],
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(c) %% DER, ELEHESLE DOBEAFIH

DER [FELEMICEAIIL, 2OTNOLRELARBRTHEISND Z&006, b O
OWHRHPNREIZ /2D EEZBID, £, BEMOPITIT R e FEL, VL —7
CIZHEASWHIEN 72 SN TWD T2, T 9 LIfes & 245 @ DER O il & i &
2%,

%455 D DER HIEI O AT L 0 BIBENE U261 & LTE, PV ORAT v FTEAME
Wt 7 4 — RN 7 FRITERNT D, 71U v IORRENRFETLNH[7]8], 2D HRUE, MH
MRS AT IR B I R 222G U 7o M5h 7 ) & i dh ClRIMI L7 BeBE 5 & LTHI L,
R REE S D 2 & THMEIRR TR m ) 2D THI[T7], ENDZLL O PV
AR A R —= I I N TS, L, 74 —FRNICEEED PV REASI N
B 2 BEEBNAL, 7V v hRRETLHZ ENMEE ST D,

RIN T, K& DER OFIENZIT 258 i S LT\ 5, #ilZ21E, Horizon2020 O T
@ MIGRATE (Massive InteGRATion of power Electronic Devices) & VY9 7’12 ¥ = 7 NI /\U T
LIRS DS RAED RKER 720 L 100%I2 78 DRI AAE L7e it 2D T, 22 Th,
U= VAR OFEB BB FOAM & REHRY, FRIFBOZEEE N0 70D & MR 28
ot e, Bl U = LY AT A ORI DA E M HAEH (adverse interactions) |2
WTARIFIE SN D MENRH D Z &R SN TV 5[9],

IO L HIT, BLEMICZEEA D DER BNEAINLHEITIE, 0D T hEESCE
MUK DBEZE Z S0 E O ITEH - filH§ 2 423 % %5, DERMS (TREE B 2T A
REEHEEE LN D, 9 LIENEERVE S 7 DER OfillHRZ1T O & & I,
AIRED A LGB IITE OIFHRA s - WA L, 7L < X5 DER &l
PTEDEEED NI/ D EE X HIVD, £z, DERMS OBFFERRIZIHWNTIE, 295 L7
2% L C DERMS (Z X % DER O « fillils & 2 THAL 5 200, AEHIZ I
WEELWER S DD DM DWW T HIIIET 5 Z L HERICHEE L ZEZLBND,

\

\

(3) A—RHT—RHI

(@ AY—hFAUN—FDOHRTEHEEE - Fl{H

PV DA~ — A U= Z O EMEOE B L I, R PV OBEANTHITET A AL
KIE, FRINDOW L DD [E & TIEBEROFRE L 72> TR Y, [EWNSL T DERMS (2 X 5l D
FFEDEE > TWD, PVOZ Uy Ra— NI&E - KENSHETHENH D DT, £l
KO KMOBTHEE ED L I ICEBEMESCDER 22 b ST 200NEE LD, £ 52.1-2
\Z EPRI N AT — 7 RV H L g Lfméxv~%4/ﬂ~&®am%®% ERCPR 2 R
[10]k 212, A~—bA o _"=220F, B - A a—V 7, JAEREBEEE, ARE 3K
B, ERR, Fﬁﬁf%ﬁ&% %Eﬁﬁé LRI STV D

) LTeRT A =R 5 WiaF 2 BT 5 F%S° DER O 771 ﬂbf@@ CEES LI
DT, EBEOBLEMI )T 2 R COWMMRH AP A LB b b, BERIEICEDS
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A ax, EPWS TR B TN ER S LTV D

¥¥lZ, SVR(Step Voltage Regulator)X®> OLTC(On Line Tap Changer)iﬁ E OB T D
BIEHIERERR D B 2 5A11E, BIXIEA~— M X=X OFEJE - JshdE ) HilfH 23 K O 7
JEEZTF LS L LTH, RERDOEEETIZLY SVRLOLIC 23 E/ELZ RIFTLEDS L
STFHAETFWNRELD EZEZHNDO T[], BEOBmWEIFHEIZE S A~w—FA R
— X ORIHNEELZZ HND,

$%5.2.1-2 A~— A 23— OFEREIEH (H A5 [10]

fﬁawl—uy BREZE BVEHXE HELE BEXE
BEAMLGHBENT [FRM-AS |DERDH NHIE hE—EH |[BNEE-ALD
LR B 41 B B 41
i 5 ERRSE BOEDENXE BE-EOE BOESERX
e et HE A |
BB
(LFRT/HFRT)
(BUEET)ERD E—2ENHIR BDEH-N|EE-EDEH
TR COEE REIE  |EE
FADDERE EME
RAEBS IR ARy BEHERB~DBR EET/SEE
BEEGE S
(LVRT/HVRT)
HEEDT /WS AIWE - HEE I
R ST HRICEOGERE
e EERRESE
e KERERATE
B BRI OB - DI EEBMST v FL AR AR AT A255121%, £0%

T )L F— BT EFE M O HIKIC ﬁomh1H#6ﬁﬁ$&®%mkx&v:~uyﬁﬁ
HELEZEZOND, 12720, 77V AOQFEFERBRTIE, BEEBEL LV TOT v RLAR A
FEDONLIERREICHZL 2L, ZHEINFHHINDEG T~ RLARV AR ETOR
O LR BIRER TH D720, ZOMFELIREN & OFR B TIHY[12], BLEL L TOD
T~ RURR ZADIENITRE S D72 < 720,

(b) BEEMDPVIRRT AT XY INOT A HEBRADER

BLEEMED PV IR AT 4 73 v R T ¢ BERRTENE, EHAIZIZBINR 7R PV & 42650 nl6E
M3, EDTZDITHREE ORI LIENE D D>, &) Bt OME TH 5, £ DR, DER 2
KEIZHDRETIE, TNOOEHAFIEL GO, BAT 4 T X xR0 T ¢ O KA e
ZIEFEICRR CEX DM ER DD, BAT 4 VT XX /30T 4 OFENTZ O O XREIZ R~

Lz, MUEBED2%OHETYH, HETY 7725 5000 5 kW (Z%F LT 100 7 kW D HIlE
1K I BRIAE DRV B B3, Afif 2000kW D 7 ¢ — & T 40kW OEAMHIB AT 5 = &
LD FRITBENTH B,
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% ADMS NELEMADOHERZ EE LN O L T\ B2 6503, £ OFRIZ DER
DOHIEIZ L > THRAT 4 T F v U T A B RICE T DEEENR LB L 72 D,

AEEE 3F, F4EIEHRLCVDED, BEEMOKRAT v 7% v 0T 13
BRI OMIR L & HIC, BAINTWD PV LEBEMAR & DER OflEIFIEIC K> TR
BT D, T, HICEERPSREREE SN RETPY OBARNMINL T 5L, &
Ny AT LNOEESA S EHEC 2D, EEhE S OHKRIZ L 2 EIRHRISCEE~DOREL
L VBEET 5, S, FEMSCEZ RN —MDOH LT~ RUAR L ZAERIL, 1)
TR E ANV —ELBE LGNS ELRS, 26O RTiEH@)E bILET S
75, DERMS (X2 9 L7-EE - BIthlfI 2 ZE L7220 bt 24558 « EM% DER (21
NHE5ICTHELBIZ, ADMS &b/ L727235, DERIZE YD PV DERRAT 4 7% %
T A D EOREEINTE DN EMT TELNEND D,

(c) EXBENEM DER MOEME - HIHIHIiT

FHHELANR, b T v 7l kxR HBEOE~DOER PEFERHEIZE E > TV D,
B FRE LT Electric Vehicle(EV) & FEIZV D, BV ITF=RE N EMAGDOESL Z &
THEE M OBRFBLDOT W FL L 72 5721 T, BHV AT A DIZEBHIRERDOZE
BA A LBk L D Z LT, fHarRiElEnHffshcns, —J, EVOREBOE
HSELFEMG I O AR TOEMR AR A b SRR bR ST D, BRINT
Itk x 7270 = 7 N T EV OFRLEMILESORENFR RS TWDOIN, AiEREICL 2
DOREFITEBLEL THH[13], AMEEIL, BEM~DEV OEMBLEML, ANEN
VAT NTIEHT 5729121F, EV IZiE L7- DERMS ZHE L T ZEREEEZ D,
2%, EVIEGROREAT — 2 a SMUOFRALILERBRICOWTIE, 532212&F 05,

DER & W8N D RO BV ORRMEIL, BENC X 0 20RO ENELT 5 2
ETHD, FRCELE L~V TEZX LA, BENCLY BV BT 5 7 ¢ — & OBk
SITE LTV Z &2 5, BEIOM 71X, BEHORHESCERETT 532D X 51
FEEH L — MCHBMEOE N O L bIVE, L X I—FBEO T v 7O X 5 ITHEA 7
MAEEZBET L0, SOIXEEALHEBCHIEAE LD S, VR L LBIEDOT AT
LTI, BRI KV ENOENE LR D, ZORIZENT, BLEMIZKIT S EV OTEH
I%, fth> DER £V HIX5NICEMEIC D B2 BND,

—Ji, BV &I T, AEHEOETHER - ZWHERIIBICHEBHEA =D —R EIc X Uik~
IRINEE - B TONTEY, 29 LM EBE - SHITBEN VAT LALROFEREH
A TEIUE, EV DEEMICH A 2B CTEIRT 2B T 5 5, £D%4A, EV O DERMS
IZIZ EV EECEMI O GIS A #HA L, BEMDO=—XIZH 9 £ 512 EV ORIKEOLHT
MEZFHFETHZENBE2 LN, b REREREO LS LTE, 256 & BB ik
Wb HE LEERHEZIT) 22 NEBEZLNDN, 29 LERFHIEEHEL LT
LHEVIThILTWR, —J7, 29 LI BB A —0 — I RA T 5168 & BB 2 R AT
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THERIL, E60 BEABFRMERIEAHE SN TEFEREZEATEY, ZNb%E
EDOLITHALTWL iR E 72 5,

H ) —ODOAFEMI, BV OFRELHMIZEH LT DERMS 25452 L Th b, KB
fCEBT 5 &, BEInsH] 'NKLO LM, EVREBEAT — a UM - FEOKE

FREDH OIFIFEMOEE SNIZHGATICFEL TWD, L7ehi - T, BlEM~D EV O
RYP—ERZHIT LT WNEE X Eﬂ/bé F 72, Vehicle to Home(V2H)D X 512, RFEDH
WTOARFEBAREL 72D EV ORMEM b HDH, L7 ->T, EV ORBEHMIER LT
DERMS DHEELE 2 Hivd, LOHAICS, BHOBEERFEHERZ OFIEIZ, DERMS
i & BRI E D Do T2 FHR ARV IR T 20T N NE L 725, ZORAITIE, EVH
@ DERMS il & BEHH A — A —72 L EV 7 7' U 77— 2 AN FEEAOBR & L 7= 5 (1] 21
BFE L~V CTOHANES - BB S S 7S BIR AR 2 2, T 62D
WTHBENEA =T —7Z2 L EV 727U 5 =2 OB TIhEI S, EOSEEZ EV
DERMS WEHT 5 L9 Z &2 b,

EV 1 DERMS MAKHNZMIE L 72D DIE, EV NEHT AT LOHF TAKINIE AN
HTe 2030 4ELIBE L B2 HD, LovL, EV RKEEASNTHAEORT v v 0T
B7g = R DE &, BV & W) HIFRFOTES O R E SRHARDN HALE LY ZE LT 5E,
EV F® DERMS DO BHFSIZ AT 7= AR FCIIAHE N RO DB RS D L& 2 D,

(4) DERMS BADT—FTUF¥

X 5.2.1-1 IZBEEXKOFIZRT K 912, DERMS EANEESIND T —FT7 7T v LT
1%, 522 Tik<2% ADMS & Ofis, TRV LERKL VDT 7Y r—ya v, KEE
HEBITLNVOT 7V r—3 a3, 777 K E(cloud-based DERMS)[14]72 &', ki~ 72 RE
MEZHLNTEY, FRTHmmOIEIIZI T TV D2,

F72, X52.1-212777 XK 912, DERMS & DER & O##ii%, HEMS <°> BEMS &\ 72
HHNLD EMS 20T 556 L, ST #4858 L7-H 2 OFEHES - % - B ) EHE
B SNDGENRNEZ LMD, BEHRMOFRIZES a2 DR TLih T 25461203,
DERMS [TEE HALD EMS (2549 L, EMS ZFEZEZ D DER ZHlHT 5 B2 615, =

DAL, EMS (ZEE - BB HIESREN 2 &, BESAEDHIEIEE L, —F, MR
T L OFREICHES L DR RH R O, 25 \WIEREIFEOEAIZIX, SIIZ DERMS 265
EHHET A2 b EZB2bNE, FEEOVAT AT, ZALNRETIEZZ LN,

2 flz1%, IEEE PES GM 2018 T, "DERMS: Tools and Best Practices” &\ 5 /X3 L& v o 3 V3B
x4, DMS X° DSCADA & ofif, imHaE)>, HHHFER SOV THER SN TV D,
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Enterprise Integration

Sensors, capacitors,
switches, etc

Qﬁ’h % SO

5.2.1-1 DERMS A DT —XF 7 F v IZT 2K 0F]  [2]

| DERMS
|DR||PV||EV| |BESS||PV||EV|

5.2.1-2 DERMS & DER & O#fs J7 D [15]

WICEEMOE IS AT L L ORRA I BUCHEIE T 2, BARLFRKIC, KT HEER B
L AT A(ADS)DEBEANHED LTz, S BT, BEICBIT 28k~ 26l B %2 &b
bl LT, DMS MM & T\ 5, DMS & DERMS OfklE, BHSMNER LT
DMS KE TN OB Z LN TEY, WEREEE T AT A(ADMS) & MEITILH W D)
® DMS 73 7 — 21X DERMS OFEHENNEL LTV 5[16], — 5, DMS D451 DERMS
NV, HESNL5E6HH 5[16],
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5.2.1.3 TSO-DSO &Zif#hE(T = DERMS(T-D-DERMS)
(1) T-D-DERMS D hEtE

DER 23 FfDZ2l M (flexibility) ~ D #ARF I T AL EEAE IS

X LT TIEewn, o L AR/ L

W RBUBERHE L ~L(LL T, TSO L) TOEHMBEE SIVTW5, REBERFEOT G/ T
¥ AMERRCE L AL DT, KR IR A 7 — L TOIEABRER STV D
Z 9 LzHa, TSO L~ULT® DER OIEAIZ L - T, BEMOEESE {;mﬂ?'h"] (il

A EenfEEENA, 21X, TSO L)L T PV O TR TEHNAE LT85
DER /% DR |2 X % & fiF DN

EAHD D O

BT,

ShnHeEZBND, LAL, flx

DOELEMR TITRIEOH b H Y, £ 2 TIEPVIC K2R SAMOBIC L KL, &

DICEBMNOLOMELEET D2 L1025, R LR, BN 7eEECE s
DA 5] & 2 AREER B B,
FlEED Z L1, FEMIIBWNTH WA D, FEEMITBEEEENEHE > TWDHN, PV &iX

Z Ly, FEHEEREOMITIC X B lﬂf\@,eé IR E SEALT D, FERCERIE O 75X

wEE AT 5 B E T DHEARKIC

L TPV KEEAREDZE
W2k, ECEMEIC R D R R A

#BEt
EAR

ShoY

, BlbdsLEZOND, #F 521312, Hilk

aﬁ#lﬁf\O)E’%OD%@%%iﬁﬁf: S, &M ORA EAR L T OhiE B
BbdDH I LR TE D,

3 5.2.1-3 BERFIC AL ZEEMOFTAHE - EH T EF & BB~ D 2|
REEFESE LBEESE (VY7 BEEEE PMEEESE

PViZEDREE
k3PN

FEEEE)

T F7ERINS R
b=

RERBOE
- BREE

A 2INS VR

1P

BERCPV
REIXH)
PVREIENE
FHEBEFITY
n)

FER (ER
FHEHIR)
E—2<7T ¢+
[S& % kW -
KWh <2 il ik

#BEit
DER

PVEDREI%
FEEL, Th
eI
(FIT STl
izl e G -YO)
= LB (2

I TFTREFRERIC
WEGFEE—Y, ¥

Astn)

- REFICKEE (T

£, FiRlsn)

-PVOH A
BRF (< 7] 9 [0 2
[Z3EE
-BEmE—2
ERO -0

(5]
B

(SEHR 0> R B )
EMNEHREEE)
- AEEAH
FELYZL
ERE,

WEME

D13

- PV REIBF(C
xE

C(JREE
2% L THRE

FEMNL U
BIFICHE,
FEMNDGZ
B ICHE

BRER
HwTon
PV %]

D
rE

WS IR
(1=1= L BHi
[SHEFEEIZE
% L HERER
KEER C)

T T7REEBEPY

DRF|F— LFE#HR
AEERT HATREMED S
LAY, —ELARLER

PV o3& 3t
ZECEHHIC
i C TER

EEXEDER
BRIk Y
BRADEE

AL

BT i
(t=1= L Bl
ISHEFEEIZE
%L HEHRE
KfEIFRE L)

FENDE—Y
ARMIZH D
FERDE
&, PV##H
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MERZIICK |ERFFEHRNMERS S INEREED |FEE—VH
2Tk, FE|SED PVAZIth  |EOETEEMS
E—VER |[EEMRENSFTELE— (&, PV @R

D ERIZ DA B FTHE BRIZEHESL

HtLH5 3%

29 LBl &R T 5121, DER % TSO L~Ub & DSO L~-UL DB 5 CEHL - EH4 5
ZEMMEL 2D, TSO L~ & DSO L~ LD O S I E ik 5 DERMS IZ4FC
#HHL, IT-D-DERMS| EWFrT 252 & 95, T-D-DERMS [T LEHE DY 7 hU =
TRT TV r—varEfET b0, BLEMO DER O4F% TSO L~/L & DSO L~L
TORGF OBEBNFEIZEIRT D720 Ol « EHL AT LR ZET b DO LT 5, At HE
Tl%, Z® T-D-DERMS [ZH5ICE BT 5,

T-D-DERMS & D L9 e A7 AT, IEFEOKEICK T S DERMS BAFE O FIZWV < D
NAHBILDH, BlE LT, K 521312, OATI #:0 DERMS O#E&EM %77, Z OHITIi
DERMS /X DMS OAERIZ & U , DERMS 75 KEIESR D & D505 O fF #, 3 L U'DMS,
E DI/ INEHEEE 2 EOEFITESWT DER OEMZIET 5, Zo6IE, ARNEE
4% T-D-DERMS (243 5[17],

| Bulk Power Reliability Operations | | Bulk Power Markets |

| Distribution Operations \ /| Customer & Service Providers

OATI DERMS

A

| DERs |

5.2.1-3 T-D-DERMS DM A O fF  [17]

(2) T-D-DERMS (M#4ge

T-D-DERMS % DERMS O—FffiCToh 5 DT, ZDOMre L L TiL 5.2.1.2 Tik<7= DERMS D
FEREIIME L 2D, D LT, ZZTIXT-D-DERMS & L CHIZEBNRLE L EZ LD A
WZDOWTEREIR T 5,

(a) LEfiZR#feEnEHEDLTA

T-D-DERMS OISREZR D 5 ECEE L 72 AD1E, FRHEM EEEELE L O bY
JiThD, 2222 THRMINTWD X 1T, #1210 Smart Net X TSO & DSO D% 5
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BRCHPE L TN D, ZHUCLY, Bl IET~r RLAR LU ZA%EZ2TYH, RS
B3] DER (2% 2 HAEANEL Sy &4, DERMS (X7 G238 - 7RI il & Rl o+ B 2
FEDEEIZ20 7>, DERMS (25t L THFFOfRGEANEEE S 41, DERMS 23l 2B 5 & %5 X
HOMTEY, BELRDEEIIRELSEDD EZEZILND,

(b) LERIR#EICH L TRET HEE

5.1.4 Tib_72 £ H1Z, DER 1T EALRARICK U TR % 723D 242032 Z E B3 IfE S
TWb, 29 L= U 7 KROFE T OMIZ, %D F[E Power Potential Project THI TV Y2 L
1T, EEMEORMEC KT 2oL E 2 b D,

LRI~ D ED K D 2GS A BRI < M2 K o T, DERMS I E R HRE H A
kT2 LB N5, X, REEMEIGEC— KR & o T2 IR IR IR 7RG B) & R
LNLHEN G T 2561, BEHEIHINTH, S DERMS PEEZRFHEICELVES
B2 T 52 L3 LW ATREME R B 5, T OHAICIE, FENOEEORIICE SN THE
DER MK I RE e SEPUEME IR EC— RRFEE I O L FIRZ&H 52 U4 DER IZFF-HTH
Z&bvBEXABND,

iz, ZIKREE) O E IR BB A OE 75 % DER X L TR T 5 2 L2/
W, T OREEA 7 — IELEME O T SVR BER &, e ) L—IZflibiu TV DI
A=V Thdbd, LEN->T, EBRHENOZ S LIEE - U L— L TR o
WFRENZEET 5 K O I DERMS 23R - Hlfl S 203 e b 2 L B2 b D,

() LEHEREAOHFBEFOER - EXEHHIH

ARSI L CHRVES) O AT 558, U o TEREMICIK T 2 EE
DARIEAT D, ZOBE, v— Ve BELEIHIFIICHEAR L 72 K 5 12 DER il 2%
Z L%, T-D-DERMS O EE 2 #%E| & 72 %5, DERMS 78 DER ~DIESE42 DBl CTE 25412
1%, BEEB~DOREN/NS WV DER NHEEMICEIESELZ L 6B 00050, 205
AISEN S5 DER IRV B ELTCLE Y Z e nNEx 6N, £12, ERHE~OEHEOM
T k- TiE, i~ DER ~DOAREHEFEIL AR TEARRICRE->TLES 2 &
bEZOND, TDXHIZEZ D E, T-D-DERMS % DER M EALREE~DOALNE ST
HERT 2B, WG R e SICEEDOWTERE - BIHIR 2R L 2WEk 5, ARhE S &k
BT DREREN LI L 720 5 D,

Fio, FACRFRICHE L e b B E ) AEEREN ST A b E B, KA YT
T EEDH TV S[18], DERMS BA~— M U N—X OFET - MEhFE ) HlEEERE 2 W
T, BEMIZT TR MIRMICHERENE 2 G T2 28 bZ206ND50, 25 LKk
FERE DB - HNMEIZ DWW TEN T EEZRBEHA D722 <, BINOBRFBLEEEZ B
Do
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5.2.1.4 DERMS QO ZEHFEE R
(1) ##®

DERMS, 72\ L7 - ECE IO DRMS 1%, BRI T & KIE T b e i O 72 B 7 e
D=7 > TN D, 22 HiTHRNLNTZL DT, BN\ TIE, EUfRFIZL->TxY
T DFHENT AL EBEMICETEEHA D TSO LEFEICEHET2E S DSO BNyl Tnd
7o, DER % ¥70 2 FHEFM Tl LT O Ao ko H ¢, DERMS X° DRMS ®
MHERFE 7 m ¥ = 7 RISEAT LERD TV 5,

KETIX, AARELFERRIC PV DSEEMICKEICEASNIZ A 74 /V=T « =a—=H—
U e NTA IR EDBEBNEEETOIC, PV DOA~— F A 3= Ol DER il il
# HW) & L7z DERMS OB%2, #to7ny=r FTHEDLATWD,

2T, BINOT e Fofll LT, #ED Power Potential Project & Smart
Net e v =7 %, KEOFHIE LTENERGISE 7Vuv=7 s &##3 5,

%72, DERMS @ X 5 72 TSO,DSO, T E T £ 7273 % B OIS0 Fe 20 2R 2 o3 A3
HITIE, VAT AREROREMRITNEE L 25, Hr TIXEALOH L LT, IGMS,
HELICS 7> =7 NN 5,

&2, BATIE TN T3, NEDO @ PV HAHIEIEEFHEEOF THRIES AT
% DERMS IZOW TR 5,

(2) Power Potential Project —DERMS DR &k 53X ERMEMESL-
(a) W=
% 5.2.1-4 Power Potential Project D&

Jaszy b4 Power Potential Project

B#Y TSO [2xt LT, BREMIC#ERt S47z DER NENLEE I & B
- FHRNTUORICEMRTEZ BN THIEZEET S L

% - BB 4E (3k | DERMS &, DSO A DER #EHEL, TSOMNSLDEREFBEERD

) R ZF‘-LELNRERLTHIEL, BFET LR TLOEE

EhEEAK National Grid & UK Power Networks

= e HA R 3 &/ (2017/1~2019/12)

FEHE Ofgem @ Network Innovation Competition (NIC)Avi5 805 AR
FDEEIREN

EIHRBE 2020~2030 A

oz JHYA bk https://www. nationalgrideso. com/innovation/projects/power-
potential
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Power Potential Project /&, T-D-DERMS (248249~ % DERMS # H\ T, TSO » % %
EEMOMELY, DSO NAHYOEHT S DER ZEERFICELEZ KT S0 L 9512l
WD TR LED ET57rT s N THDH,F 5.2.1-4 |2, Power Potential Project
DO % 779, Power Potential Project I%, #[E T TSO T& 5 National Grid &, w2 R
YEaEhA 7Ty FEREZ G Y 7 &+ 5 DSOGKE O FFFFTIL DNO)? UK Power
Networks(UKPN)73, TSO-DSO #H#EIMR LMV A& LTHEMBLTWD, 20T rY =y
N OZIM%IGE, UKPN OBRLERICHESR S v T2 PV 3ERT, B ERT, &EH,
R ER, 72705 —%, TOMD DER Lnoizl V—2 (FEH) THhDH3, 207
Tl Mo THRLNDMMRE LT, 2050 4 F CIZHEEOTFEZFIIR L Tk 4 BR
R (% 600 f&M) OFEIFINRIAEIN TWD, ETokt Gk 1 7 F o REgRENIC 3,720MW
DIREREZBINT D ENRAREE D E LT 5,

DER ##ilf#l4 5 H#IX, TSO T % National Grid ll OEE R EOHIFIZ L 5, DER
OHHETRERFIR AR T 5 Z L Th D, K 5.2.1-4 [IRTAELEOMGHIL TH DA 7
7 v RMHEE, PV B IR EOEAFREE DO RITIE, 400kV iz X T & L2k E
HA DA MR OIM BT, FrE Filkr OIREE, (£ 1EHIMOBEEHIKAHREE 7eo T D,

5.2.1-4 Power Potential project Dxf%— V 7 [19]

(b) HlEIDLHEA

AREFETIL, FIZ2 0HlEZEZIT-> T\ 5D,

® DER (T X 28708 Hil{H

® TR LORAHIK (RMEEER) 7o OHNE S

BIEHIENTAEE~O P — R LREEROY— 20 2 FHIC T b, £, A%

3 AARL D HELEDOEEET L EEHMDINNZD, EASFEEHRREBASTND,
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AL TSO « DSO OWF UK L Thigfk S o — X ThH %,

HE O FEALIE, TSO T 5 national grid 7% DSO T 5 UKPN (2 LiT 3 FEEO W oD
P—bEADY 7 = A MEFEEHT D, V72 MNIMELRFEEOE (MVar, MW) Tik
HaEns, 0S5 %2%F, UKPN ® DERMS ®Y 7 b7 =773, U7 =X MESZHET
% & 91T, BLERFICHHR: SN TV 54 DER Ol & 28t RISV TEHET 5, £
DRI, BlESRH ETHHNE Z SN X IR’ TS, D%, DERMS IZX -
CTHHAE & 724 DER Ofil#fE 5% DER ~ & %{59 5, DER [THESEICEE SV THIlHE 2
1TV, national grid ~& —EARREEIND L) AF—L Lo TND,

Power Potential Project {233V C, DERMS | Ll it HFEARE © & © 7=, DER OEHED HL )
PEEI R, K 52.1-5 12, EEFETO DERMS & EIIROT —4% 7 n—%&RT,
DERMS % UKPN OEIFEE B A7 A GE Power On” & <00 BV L7273 5 DER OJGHE)Z 7Rk
b, Z OEMERERT — # % National Grid D7 >3 T ) —H—E 27T v N7 3 —AIZikD,

BHARAJIZIX, DERMS 133 5.2.1-5 OMREAE FEBRT D, BRBRA N =X L% FEBT 5[20],

UK Power Networks Data Sources pgaltime measurements National Grid Data Sources

Conflict of

] o 8 ] [= ']

B 5 E T % Z UKPN-DERs NG instruction NG-UKPN
» g 25 %& z S seflementdata To DERMS at GSP  seftlement data at GSP
=c |23 |6
ws (B3 |2e
0%t gl 2"

§ B¢ & 3

£ 2 o ‘.‘; !

=
DER

Distributed
Energy
Resources
(DERs) &
Aggregators

Other Data Sources

5.2.1-5 Power Potential Project C D FEKf[E] TDiitiL, 0273 DERMS [20]

3 5.2.1-5 Power Potential Project T? DERMS D#&HE[20]
E Y} DER WERIIIH—EREHFEEHRYELL, ZHNELIETNBTEZHRETES
National GridNG)D 7 > 5 1) —H—E X (AS) TF v k T+ —L~D, S
BH - BHEHOEBERALFATMEEOR FA—D)T—2E#H
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E=2 NGDAS TS5y b ITA—LHLDESEZITRYDAH=ZX LA
NG WHDIESZRERFINIEREIR/IDIR FTEIRT S, DER &
MENDRET 4« ANV FEHES L UVEDNEHY—ERXDHE

SEDEE
BLEEEERDAHRIE
YL L ETOEDEN - BNEHHKBOEE
E% 3 EHEINDER DN T+ —IT U RAT—ADERK

(3) Smart Net Project —TSO & DSO ;@D ##E#4 & DERMS-

(a) WM=E
%+ 5.2.1-6 Smart Net 7O T4 FDIEE
JoTzy b4 Smart Net
(K& BW TS —H—EXEENHT, TS0 - DSO D ExE%4H
EPYRYDE-ODENGERDT —FTIF v ELHEK
T52&
R - AEER R - TS0 - DSO AN E £ ICEABAZERT 520D 5 DDOiE
ETIICHLT, NER—XTOLERE
A BT TUR—D - ARAL T, TNTNEELT:
TS0 - DSO ETILCORBENIRBDET + —F TOXESE
R
EhEEAK INEDTHATIT - HEHE - EXREH 224
= i AR 3
FEHE Horizon 2020 /™ & 1265 F1—ONDE LB
EHREE 2020~2030 A
I JYA bk http://smartnet-project. eu/

7 5.2.1-6 IZ SmartNet 7' 12 ¥ = 7 O Z7~4, BN TIX, BLERT~O O HAER O
BAFERIZHE, TSO OJEBEFE, EIEME, ZoMmoT v ) —%— BRI HINE
REIEHT 2B E BIER LEAD TV D, FEERICKIND L OET, pBIEROT v F )
—TH~OZINPRD SN TNHIRITH 5,

—J7C, DSO DELERM D5 BB 2 17— VR KRR O 7o 1Tl TV S [EI
FEAEELRY, ZOFERBHBE LT, BINTIEEIZEDOLF 2 —2 2 - TDSO R
B 5 ORI O 7= DI ERZ HH T2 2 L WIS T4 ERET b5,

4 PV GRID, “Europeran Advisory Paper”, July 2014, 5.2.1 IH|Z3\ T, “the RES Directive
does not allow DSOs to curtail PV electricity for distribution grid planning and/or

- 1476 -




F7z, HELEROIERICARYICE AR R S 50009 Bl b H D,

Smart net 7’2 =7 M, TSO BEERMOSEERZT 7 U —H—E 2 & LT
M7 5T, DSO 23 4< BG L2 R ECEIR OB ALK DN EA IZGE I EZ 5] &
BT OTIERWD, EWIBEERDO FClhE-Tlc7my=7 N Th b,

Z 2 TlE, Smartnet 7’0 Y =7 hOIFEFERABRICOWT, TEIC DERMS OBA%E &\ 9 Bl
WO T D, ERROXIREMOT, A 2 VT, Tr~—20, A, U TENENFEER
BRAN TR S AL TN D, BEOFIFENEOMEITER 52.1-7 D LB ThHDH, AREETIE,
¥¥IZ T-D-DERMS & DOBHENRRNEB X bD, T v—2 & AL LV DOFEFET OV THA
4%,

# 5.2.1-7 45 EOEFEAR

15397 TUI—Y ARA Y
: MV 2#fim o HY REE~N | BAODEMICHE S R#ETF | Shared balancing
TFAN— | ouEREEELEL YN URBEUEV D | responsibility model D
vay T, RALAORTENZ | BMICHESO—DILRE | IEERIET S &
BRIDHZL RMMREEMRIRT S L
T—ATIVT—=2 |0 RPEMEN (BE |° ZRHEMEN (BE
_ ED) LAL) LAL)
FERE . g BRI DONZL T I R IO
S S 4 (EELAIL) (EELAIL)

b) Tvw—¥

7 >~ —7 TlE, Common TSO-DSO AS market model 23 8¢ H &AL TH Y, TSO TH 5 energi-
net dk REXCHEFL—T 4 VT 4 P —E X &4 Mt4 5 SE A/S FTHAEEZIT- TV D,
T — 7 ORGSR 23 % <, TETIERBERB LI X TOHEHTT, MxT7 L
X ¥ 7 L7 DER (CHP 03 A A~ ZACHHIMICEE R AR E R B2 6N TWH EV,
b — MR TRHESE) DRI 2R TH D,

FEREABR O BAEIX, 55 - IERTOERICT 5T 2 TR AR R FEOIEH TH 5, KT,
AA I VT T —=NDY—F AKX v hO set point ZHlEIT D 72D DOl 7 F A OIEHOT
EFEUAR =Yg bRoTND, £ 9 W o Tl — 2 OHIEILIEE - Bl /AL M 7 124
COBEA~OXIRE LTRSS TS &L bic, BROBEONT v 7 b liffshT
W5, Fr~—2 DFEIETIE, TSO, DSO DA b, DT 72— FET D217, A

managing purposes.”& L S LTV 5,
5 DER 2D 7T 7 U7 —2O, 15 ToaE8R 233K CMP (Commercial Market
Parties), TSO & DT v v 7 8%)%1T 9 BRP (Balancing Responsible Parties), it oi#
= %179 MO (Market Operator) T 5,
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7aYx/ NTIEZOV AT AOLEKNR, T-D-DERMS M EET % X 5 72 DER Ol %,
WHEOTHZBE L TERELTNDEEZHNLD, 2D XK HIZ, T-D-DERMS OREITLT L
LDV T MY 2T RERTLHHDOTIERL, BRARVAT LOBKE LTERTLHZ
EbBEZHND,

Trw— 7 DIFETCORGEHBIILL TOEEBY Th 5,

CRMEEFL MV) : K0 Z£ < DPV, EV, b— MRV THRRIGHEOER

s RS — 2D AA 2T TV OBEME & B 72 B

CNTG T BEEEH W DRIZEDRA S DONT T

(c) ARA Y

A A "ClZ Shared balancing responsibility model DFRFEATTHILTIE Y, DSO D endesa
ERNCTa Yoy MRED LN TWD, £ 521812, Yuav=y MIBIFLEEED
By AR,

ZOETITIE, DSO Bkx 727 7V —2ICX 7 X e Ty ngftsindrn—
INHGEEET D, TERROU LN &, 77U A= XI3ESPNEHT 5 DER % EHiE
filf L, DSOIXZDRERET = v 735,

AL COEFETIE, #EFEFEMBICRE SN TWDSEI Ny 7T v PHOEEME 7 L
e T4 Y—2L UTEAL, BlERHOIRMEE B TSO-DSO DR 5 C DR A
Y a2 —)VOIEIEIZ L D TSO DFEAREHA~OMB & L TO®RE ZH > TWA[21],

#£ 5218 FuvxZ FBMNMEDOEIENTORE[22]

TSO-DSO EZRED/INT Y
TSO-DSO A4 v5 54 3 D%

Transmission
System Operator

Distribution

— B S fers
System Operator BEOR—A)LREER T OEMER

ftbdd CMP (BRAPKIESE, AY— hNDREH)

Endesa

Commercial

Market Party

NYTalb—ay

Market Operator

A—AhJIHIEDEE

ONE
(Our New Energy)

Commercial
Market Party

BREMBOR— T+ VA DERE

DER Owner

Vodafone

EthERmAEEMNDDR JANA L

02— TG OE S (LMO : Local Market Operator) 1%, fciEi#liistE CH D TG
HTNTY XL ZRCTHBEE 21T, ZO7 /30 XL, FHi - disommn b
NGy 7 CIRMEEBOW T & R Uikt 7 VTR T 5, T72b 5, Hifi7efili &
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AFLAHHS 2317 C LRI G D S, REFRERPEONL DL R->TND,

LMO [ZIZLL T D 4 >OEEIR B 5,

IRMEEFRAT (MV L~UL) D7D 7 X el T 4 Ol
TSO-DSO HAL TONT L U T DD 7 Ld vl T 4 OfEiE
i O E

TGSINE O OEROBG & TGOk R % 515

ANRA VDOEFETORGHEB IZLLTO &Y TH D,

® DSO LYl TOIRMEH

® LEMEMRNZDROT VY =g

® TSO-DSO L% A COMIFE A B G U B EHE & N7

FIAETIVFERDNE LN HBAITIE, OBV AL U CIRHEHEAE TS E2EEL LY
£< D TSOMDSO HAEEEZE LT Ial—araTH e b, HfloOPERZE
T OO EBORIES 21T) TEL 2> T D,

(4) ENERGISE Project —#B7#EERDERL X T LRE-

%5.2.1-9 ENERGISE 7O> ¥y FOBE

Jaszy b4 ENabling Extreme Real-time Grid Integration of Solar
Energy (ENERGISE) Project

H# HEHAERED DER ZRERMIC, YT ILE A LIZHIET
52 ¢

R - FAFEER RRIZT—EZTRT

EhEEAK 12 ENERELRY B3OTODY b

E e AR 2017 FEhv s 3 FLRN

FEHE & 51T Sunshot 184> 2755 5 &, ZEHEGIES 2821
A

EIHRBE 2020 7z LV L 2030 (T—< I K U R D)

I JYA bk https://www. energy. gov/eere/solar/enabling-
extreme-real-time—-grid-integration—-solar—energy-
energise
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KE= L X —4(DOE)?» ENERGISE(Enabling Extreme Real-Time Grid Integration
of Solar Energy)”'m v =7 ML, ¥ E I EHEO DER #MEHIIZ, U 72 A LIZHlEE
TLIEZAMELTEBY, ZRORF - ¥R ENRSIL, 2020 F720 L 2030 FD3E
BlaAHLZ 1307 ey y PRFERI ATV S[23], % 5.2.1-9 (2 ENERGISE 71 ¥
=7 FNOWEERYT, £72, £5.2.1-1012, ENERGISE 72V = 7 MRS TR Y
=7 hO—Fiard[24],

#5.2.1-10 0256, Z T TOEELFRBEO—>1%, DERMS X° DER H# & &5 L 7= ADMS,
BLOEOEFEFHIMMORIBIZEDLL D THDL Z &N nnd, £z, EEL-ILEREL X
NV OFEIE S, KRERREER->TEY, A#HE#H T T-D-DERMS & FES S O & BE O
RWEIR DSBS N TNWD Z ERRTHND,

51 21%, Sandia National Lab.® 7 /L — 7%, DER OB %N 71 - H2hE ) Hil i RE 2
L& L7z DERMS #8=F2 A L, BT K DELEOIRMEE R - il 2 3285 LT
VAT LOWEEEZED TWDH[25], Z D7 N—T7 0353 % Programmable Distribution
Resource Open Management Optimization System (ProDROMOS, 7'©& 7 < AR[FETH
—7" 72 DER OB - by A7 2)1%, DER OBV A7 AR — MERE, FHAI, R
RBHEER E2 B L TUTH) VAT AL LTHEINTWS, X5.2.1-6 12, ProDROMOS (2
¥17 %5 DER OFHAI - HlEE Ot 2 w7,
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#5.2.1-10 ENERGISE Aoz ¥/ rTHIREWI-TOP ) b—E[24]
(FPEIFFH $EAL, Sunshot BB/ ZEMERIES, IRKEERA)

EEEA FHE Joozy bOBMGRR

Advanced ENHEOZRELRBEDERZMRIELLEAS, DER DFBELT 4 X

Microgrid 322/477 |\ FERBRTH5—ULEEMOVY I LD T7DTI5Yy T+ —

Solutions LZEERETAHIE

NREL AKEXZIILHET S DER AREBEASN[FROEEHER

250 /300 DEHDAI=_— YV TEHFHNLBT—2IREHEEWH

(DEHC:data-enhanced hierarchical control) 7 —¥% 749 F v % - &
5F - BRI S &

NREL 159 /41 REDO—MOEBEDEHRMN D, T TRKOER - HlfEZ 1T Sl
RilAZTHRFETH L

Northeastern RELREXZEHOETEERO-OHOBENTREHETILTUX

University 63/16 |LZHFE-REE-HBRTSHZ L, TNICKYBENEETEREICHE
BEIN-EARIZZLDPVTENV R DT TEDKSIZH S,

PPL Electric PV KEBATTOER - Hlffl - &ELIZEITT, BREFOHIMER

Utilities 315/651 |RDFMDF vy TEEBHEIREVRATLDTZY b T+—L%
BRI H=HDL L DHhDEMOFIA,

Quanta BAVATLIZARBEBEEEZXIET 518, EPBT 1 X/\y

Technology, LLC 150/ 50 FENLHHIHZHASHOEIFHLWEAER7 TV F 8
E£IBHEL, RED PV ERT—REHET SV T+ —LO#
B, BELANLLEBEELARLOFIHEROHKE.

Sandia National WKEBHETE - BEEFIE - REGHR - BFEWREL - BEERM% - Y4

Laboratories 250/50 |[N—EF )T %ED-, BBEME DER BEZWBEST 54—
Y —R®D ADMS ##ET 5,

Southern PV OHEBEOHEZELLDOEOHEEK IOt RAFOEHRML

California Edison | 399 /641 |FE% + ) V—RA TANA FEDHRMERBEEEZDRILT 51
HOIT TOtADEA,

University of BEETOD 100% %A 5 PVEAZAREICYT 5EHMLGRHEADEE

California 146/ 57 %,%%,mﬂo%Ewk%étEWﬁ§m$EHM?é:&?

Berkeley HAZEE) - FER - IR - EEEEREBEOHRAG E DOFEICHEL
ERCE

University of DERMS D%&t - BA - i, TOFERIIEBEB TOHIEICRA T

California 245 /380 EREREED-OOBELGREREN TSV FIT+—LTHY,

Riverside TA4—HTS50%%HBZ5 PVHEASIN-TTODEE - BEWNAS
IZ%t9 % DER DFR@BHET « RNy FEA[GEL T B,

University of PV 7 ED DER BNFEEIZZCBEASINZBED, BEVRTLD

Central Florida 128 /51 PLERED B WM OMFE, KREEEMOERE TOER - Hl#
©, FEZCDOPYOBRELER - FlEEE L FAATEL TSy b
T+—L%E%EDS,

University of EHMIGENE CATRREFTONS OO VT EAREIZT S, B

Southern 189/54 | EmMMLGRELEF =T —2BBHEDETILIZEL S, DERFIA

California BELEOHEEOYRYDEBN-KRTZEITD,

University of 142/ 51 PV DZEHMHOEMZBIC, BEEDOF AL REREERE H L

Vermont

HEEEZR S OO FRFEL & RFADRBAHZRFET Do
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(BPL Global ADMS Software A

~ ™  Utility AMI and
SCADA Data

irF’robabiIistiG F’V\ (" Optimization for Distribution System Distributed

A

Production Economic Dispatch for
Forecast and 5-Minute Horizon
Load I_:o_‘rgcast

Quasi-Dy 1amic_ Stat(_e Esti mator

Utility Feeder
Information

Determine optimal
DER P/Q settings by
running multiple QSTS
f { simulations
\ e J L /
DER P/Q Grid-Support DER and end device

A

y 3

(Estimatio n-Based Pfotection)

DER and end device updates when

Function Settings/Schedules measurements w there is a protection problem
( Communication System )
~ DER measurements A
. J
A 4 4 A 4
( SunPower Gateways ) ( EPRI PV Model ) ( SunPower Gateways )
r 2 1 Power Line
Carrier Y
y
EPRI rl 200W . End Devices
v N L
OE.E:E[S !-‘Er .Mlc:_‘o-r Hy Relays, breakers,
! = 10,000 AL =100+ PMUs, voltage
F Fm regulators, smart
Simulated Mlcro rieters (AN, ato,
DERs inverters
NG Demonstration SNL HIL Demonstration

X 5.2.1-6 ProDROMOS (23515 % DER D&M - il i [25]

(5) IGMS, HELICS Project —FHi#a - 2% - BEEZ A KRRERETE-

IER@k%%A# fEie L, TNODEN AT LTOIRE EO L5 BT 50055
Bl b, ENTY, ”/\ﬁﬁeﬁﬁ@jﬁg RN O =— X @mE D, T REEEE S L7 EIR
BED~ 7 R BB 2 WU RTETANLEICR D) ZENERSh W5 (26],

Y12 T-D-DERMS O L 572, BHIV AT HMIEBWTZ Y T ROFHHFAT oA L ELEMEO
BB L, il A &7 b3 &K 0 BT OS%E, £ 5 LIl &2 i3 9 2 Sl b 24
LD, 9 LIt a4T o BT, Ehii - =) 7 ROFTKANT oA - EMEHIK -
BlEEMEHIK) - %~ @ DER - 815 &\ o i, B REEE EToWEIT 21T 9 AT L05W
HCThD, RPREETIECR2TNCZR B, F8IEE - BLE - WEFMEHE L 148
F1v 2T LM A AT (Integrated simulation of power systems)] EFES, F72, BHV AT
LHEEFEHT O H T, SRR — D OEN FRRARICT LT, &5V TA T OMATHR RO
— A WG R ATy TR 5 2 L& T v AT L AR (Coupled
simulation of power systems)] & FEFRd 5,

NREL 230 & 72 %5 IGMS(Integrated Grid Modeling Systems) [28] &, ZDO#%METH
% HELICS (Hierarchical Engine for Large-scale Infrastructure Co-Simulation) 7'&
=7 M29lZ, BN AT LS Z1TO b O TH D, X 5.2.1-712, IGMS DT
¥ —L% 77 [27], FEST IV 73 ISO O&E i3 L O B OB E 1-5HE & AGC
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I NN D, MATPOWER 355 M O RAT 2 875 TITV, BIESENE ) 25t R
T5, TNEMPLT 7V 5 —4%4r LC, #%® GRIDLab-D CHEL&EMHE R L OFFEFAAIE
MEBHE LT 21T 9, ZHORERMAT » 7 Z L IR ZCV I L, &
ROFRNT A HED TN, Z OKBUEIRNTIX, BEfF O — VA G b5 2 LT, Kk
TEEWTERENT 24T 5 o TSO/DSO [0 i CTREE O RVERRITIZ 1L, A Z gk LieT
— X FIENEE L ST 5[30],

VLD X 91T, BOKRTIE, =D 2R 2 AT ATRE 22 T FHE D BAFE S O H AL T
%, BATH VRE OKREEANLE, DER ZE 50 - i M etz EREC T - FHId 5
T2 D DA AT < BT EIT OB NS L B R HiLd,

FEST IV
ISO Markets, UC & AGC

1

MATPOWER
Transmission/Bulk:
AC powerflow, Volt/Var

MPI Aggregator

]

GRIDLab-D GRIDLab-D Alternate
Distribution power flow, Distribution "' | Distribution Model
Home & appliance power flow ...

% 5.2.1-7 IGMS DOf#HT ORI [27]

(6) NEDO PV Hh#lf=iTEx

ENTIX, NEDO @ [ )R8 BB S EINFFER s F 2 A TRE = 1L % —
RYLRA KAL) F¥ (OUF, PV HHIEEGERESE) o ¢, DERMS ORI 3 1
DHENTWA[B1], ZDOFETIE, DERMS PV DO A~— A U= EHIEHT 572D
VAFHELT, B U THERBIZTA~Y— M U A= Z REHHI LTV S RS H] %
AT AZLNTXH[31), £, [2HDA~w— A U= F BRI HSE ST,
{2 DI AR LoD RFTIRILUZ ISV TH S 2 HilEIER B A O Fa4 & Blfs T e /e
W 27 &) [811& LT, BRI ED LN TS,

- 1483 -



5215 HATOSHOHARBEA~ADRSA

Hrxo [EHEFRL) ([ZBJ7=%7225 DER OEA L IEHIZIE, DER Z@EyjIcEH L,
W) e R EA 5% DERMS O EFERE(LIZ AT 7R BN LB AR R L 70D, FFRZ, &
521-11ICE O —A 7 —ZE, WTNLHEHED PV 2L LT HH-RRKEFAIC
BOWTHERFIEREREE B2 D, A~ — bA X=X (SHO% EMEFEIIIEICEAND
NEDO D JFEFEFRER T b Fhs STV DY, A7 - M2h 7 ) Feiii (L GE o F28E 1 1)1
TR LM T DERNH D, £, PV OREME OB FROMBEIIREIC A THRAEL
TEY, TOEANABEE(RAT 47X ¥ /307 )OI E#L T E % DERMS OBFS1X
BB ThHD,

S HIZ, BoRIEFEE V-V ORIFKITE T TidZe <, =V 7 ROFTEH/NNT 2 ALK EMOH]
KN Lo T, BUEE AL N— BN ® HHIkA D7 e, F7o, TGO &
& 1T DER 72 b AT ) S PALRIICEAE S 072 5, EOBROEERE & O Wi o
EBRIIMNBEIZRD EEZBND, LIER->T, BT TR U T ROFEH AT v A%
TGRS b T ORI L Bk FTHE72 T-D-DERMS OB% 6, 5% LERRIK &
EZ b, T-D-DERMS OBRFEIZ LY, BlE= U 7 IZHERE e < BACRFIC IR ) & (s
THZET, KVZLDOPVRRNFEEDEANIETHIENTE, TNDLDHEAIHRLF
MOKKEREZHRCTE DL LEZOND,

7, THEARICERHB R PHEHE~OEANEE5F T, EXEBEOENMETO
TEHEINIIIEFICHEE L B2 DN DD, BEIT 5 2 & CERLEMN COREN R~ %)~ L2
b9 2 HEi 2D DER (ZxF L CiE, Z@TEH & O E L E T, BN/ DERMS HEHE
ORRBEPRMLEL D EEZ HND, BEXEBHEOTKENEERICAKII L KET
DIEXFEIZ 2030 FEFIE, ROV LENLBFEEEZ LN, Hlff/ ~— FLo@ SCHE O 7
AT A7 NVEEZ, BB D B~ DERMS B LHED TWWS BLERH D EE XD,

DERMS DBRFEICIBWTIE, T CTITECK TR~ ZeFEBASE 0, — RGBT hh TF
0, 25 LIEHANSGZL O EEZENEND D, FRHZ, TOBIZITECK & BAROSA:
DIENEEH LT, BREORENLE L 70D, 21X, BINXELEDEERHRI m =D,
%< DRANFEBOLEBICER L T0D, LEBN->T, 17 4 —F —OBECHENE O,
R RAR O T a7 7 A VR EITEARE RES B B2 N5, Fio, KEHIS
EREPNTODIRIUE, BZEich, FERCEOFTHEEA THDH, £H LiEN - %
FRIEICHEE L2 S, OB RIEZ 203 5, BARIZHKE 2 DERMS OBR%E 2 i T\
S EERD D,

DERMS |2 RDBLEMICI W TRERAGEMEZ DO TND LB X HND, FRFZ, 25
£ ® DER OKEZHA L EMEARHIEL, PV OAT v FEAME N T «— Ky 7 iz
BT D7) vy hORAED X I, THHLMEAEERIZ L RFICEREE KIFT ek
BRSNS, [k DERMS BRFEIZRB W TIE, £ 9 L7= DER #lfllic X 5 U 2 7 %, 4 DER
B OMNLHRE DO AN Z 72 EHLBBICAND LERH D,
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% 5.2.1-11 %% 0D DERMS IERARTERIARNETI—XYy—X

SINHREEEELE AR—MMUN=Z(SI)DEREMEE | 2020~2030
E-BHEHTZEL |SEL EORAEHINTERE-
FEUE HEHIME- KB

PVIRR T4 5 F+4/8 | DERDBEME NHIEIZKVECEM | 2020~2030
TAEX~OEB DBRHEEFEFRL. PVOIRR T4V
Fo /T EIEM

REE-BEEEREE | DERDFIEZREELEEDMA | 2030~2050
EERBLTHIEI T 258 EEDRI R

HERODERNEE - | EXEBELERHTHDERDEZ | 2030~2050
] 480 B 4 B EGEEE, FIE, X8 FR
LDEH
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522 BERESESZT LADMS)
5221 ADMS AMDIBELZTNE=R

ElEEMOFIE o B E#kix, HARTIE M B #8i{k X 7 A (Distribution Automation
System, DAS)] D4 T, HFENEHITBWTHRELEANED LN TE I, TOFLE
(EERFOE K TlE, Outage Management Systems, OMS & FHEN5)TH Y, %ﬁi
B - SRR E . XS BE - 451k, 10 (Fault Location, Isolation, and Service
Restoration, FLISR) T %,

KESCERM T4, OMS (24318 > SCADA, & L CHT R KEE AL AHE 7280
BB REREZ N 2 7=, B ERCEE # v 27 L4 (Advanced Distribution Management
Systems, ADMS)DBIRMNEI S TW\W5DH, ADMS 1L, CFE 0 EEEEH S A7 A(DMS)
rEELLZbD LB ONDN, TEEA] ORMRERITIR O 520, ADMS L45
FTONDEGEITIE, T4 —F 70 LEEMZEERT L ~LTOf b 2O fi{bHERE 2 1 © %
ANRENLE D ThD, 728, EPRI ©3CHk[32]7: £ Cld, DMS ® HiE CEEM-~?D DER @

R E R EHEREIC OV TR LTV 2S, 29 LCERE ADMS &\ 9 HIREZ2 D722 igid b
ET, KFTIZADMS & LG L 5,

KET L F—E(DOE)L, ADMS EADOHEFINLE L DM A K7~ 7 ” Insights into
Advanced Distribution Management Systems” % H{ LT\ 5%[33], & Z T2 ADMS ® R
Z A4 /N—73 Resilience, Renewables, Replacement, Regulation ® 4 ->® R THEIH I T
WHD, THRBIIENSAARTHIET HHE TH D, ADMS 13 TLBE e FHIR O E iy
TiE2L, 2toRHOvYa v 2K AN EEEZNET200) LanTn5I(33l,

ADMS 13T b OMRERED D 72 2 KB VAT A TH DL AN E L, T OHEANIIEfT
B ORE &, RERPBRDBND, £z, BLEFER Z L ICBRICHEINIBLE Y
TLADY T bu=THEL, Zh ﬁfﬁé#ﬂ%ﬂﬁ@% FHERFIEL T D, £9 LTes
FHEHEORN L =—XIEDET, ADMS FENICTF =2 —=2 7 I b & b7 <
BRNEEZLND, BT T, ADMS (2K E:hé%%ﬁb FHEL2ZNTHL, BMrLHE

IZZHERE7: ADMS M5 5 Z LITNEECTH 5720, BAT iR E AR D1EFEN K
Nz s,
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52.2.2 ADMS [ZZE Sh e

ADMS TR 8 5 HHEREITRICZ IG5 4%, Z Z CTlik34l 2551, TR - "l fifL ),
MEH - &P, Thed by, DEMGHE - BEE] 042007 3 ) — BT 5, X5.2.2-
113 3CHR[30] & Hifi{k L 7= b D Td 5, ADMS O FEAERE DAL Z R 728, PENE L FEAK
HI7eHERBIC 72 0, MBI H D L 0 BEA R Z X X 5,

7%, DER OFHELHIEICE LT, o EREH T 27 A(DERMS)2Y ADMS &
LT Z b EZLNDM5], 2 2 TiE%E ) L7-MiED ADMS o & L CRHE
Do

v /XS T B0 = = EERTTPN
DERIZLBEE l PR
~$8% - A
&/ME
“BE ~BR7 - DRODE R
~E A DFLISR
~SCADA, GIS
~EERIDATEL
IRREHERE

l5221ADMS®££@%

(1)EE1R - AI4R1LiaE

BLEAR OB L ol ki, w25 EmEREIEDORITE L 725, GIS(Geographic
Information System: Hi¥E{& #H o~ X 7 &) & SCADA(Supervisory Control and Data
Acquisition:BE5 i « IS 27 L)T— % D ADMS ~D VB KEFE « BRI /22 M) 3 fifHE TOHE
BWNE L 725, GIS TiX, BEICERA 2EERMOHE RN ZENLTWDHA, £k DER X
K[AEFEDNE WA EH) S, FEEBHLER LAY o —F LL TOMR T £
R FTREZRIEMA T2 2 LB L 72 5, FRICBEM D F AR w O —(F, KO THHE
XK - DER Ok, BILR SRV Rixdlx EBT D720, ZNHD I T VE A LI
HANEEEZ BND,

FriZ, ERFESEAY DER ORI 2568120F, #2138 % © DER OH)0#H T x
X —EER ORGSO ERF ] CORBHEE[BSINEE L EZE X 5N TWD, BEICENTHLED
AT E > THRE LV ORIEN DR L PV 1% 7B L COHEER, PV OfFAHE LE
DOHEE36]72 £, kR 72 - AL OB MADBHED BTV 52, DER OREMI7ZREH
ZRGTLHILT, 74— F LV TOFRER EOAMEMEEZ®mO L Z LN TE, ERHED
Hr=x, DROETTURHELEO LD EEZLLND,
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(2) ER - EXEeE

BEWI, FEREOEMNLEL S, BEICEL TIE, %180 VVO I HILET 5
2, PV RESEA T TR L 2 BEDR TORLEN R E TRV (6], zinb %
BRTEDE 7%, RFOEBEIIRME LFOR AR UG 22 i i B ReChilE 7 v
TY XARRDHND,

EERFOEH Y 27 A(Outage Management Systems)id, ADMS O EE /2 ERED — 4 &
2, FOHLE, FHHRE - FEXKEHEE, SR X BE - 451k, %13 (Fault Location,
Isolation, and Service Restoration, FLISR) CT& 5, =HE& NI, B AR TIIAEE BBl
VAT MELEO TR & TeiRe 2 BEICE 2 T DAY, A% DER O KEEAICHRT LT
DRENLEND,

— 77, K CITEEIR T L 0 T2 % i35 CVR(Conservation Voltage Reduction)
ADMS DOEERBRED —> LB LN TV S[321[37], CVR 1%, = U 7 ROFTH V- R
RT 4 — X TORAFMPBREINDBEIC, BEROEBLEZ T TAMOBEFEICLVIE
BENCRBT 5 FETHD, LiL, Ao —2E - EEAMPEINT 59 TIE,
CVR O RITRERNC /D Z L B2 b, AAT CVR BLEMNIFERORMDE D D,

(3) miE{btkAE

IE(CHEREDY, ADMS OEZRFHA L 725, HELOMRITIE, BE - BhE I RiEb
(VVONTIN AT, % - Hmi &R/ IME, FIZI3RrES° DR O b &£ D D, R,
IPRS° DR O fcii b D 7= 12 1%, 1 & Vo 72 ToRG T2 AV e FESH X O
TRBLEZR D, KE T EOMEL, KHEFE D 27 ORBOFASR LG HEEL 2D,

DER O@fEL, BLEMOEFZ T TR, =T 7 ROEE L~V TOBRO 2O (ZHh{E
THZLHEBERAOND, FERNIZIE, ADMS (72 L DERMS) I, £ 5 L7-EiED Bl
FUTHAR U722 &9 Rl T 2BRE b EIZR D £ B A b, BRCECR T 7 r Y
=7 FRFESNTND,

(4) ERETHE - ZimsTEREE

BUEDOEBLEMN LA 2 FERREDO —D1X, 74 —FRN I BRI EDHIFIC KD
PV 85t DR &, B 245D 7= o OBMBE HORMBETH 5, ADMS (IRDHROE - &
B A EHSRE A BRAE L, XFHEM L E 0T, PV 21X U LT 5o rOHER AlGE &
(hosting Capacity) DHIINZ H/NMNEOEHATITA 5 L 212752 &%, 28 Th D,
FERIIZIE, EACRHEAMEE L7-E1S, DER XV RTI(~A 7 a7 U v REDIZIEE
THZELEZLND, ZOE, HEE TORRMEZOMIZ DER 2 ik rlig7e s /) &
EHEL, TORMENS ZZE LI EHGRERES LI L E 2 55 [38],
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(5) DERMS & MBgE

EECE S EE ) DERMS 2 -A9 554, ADMS 1E, £ O#RED H(2 DERMS 235> &
572 DER OEHEREZNOT 256655, ZO%EIE, ADMS 7 DERMS # i T
LLEZBND, £7-, ADMS O 27 AL DERMS N7 —X &0 Bh L7 h, DER
EEHTLLOREA VDD, H o DERMS 2 RAT 5581%, ZORICR 5,
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5.2.2.3 ADMS DO ZEEAFKENA
(1) #eam

KETIE, ADMS ORI AITREIC H ARRE OB OE St THD LTV 5,
2015 F (2 H & 472 DOE @ ADMS 51 K7~ 7 TlX, ADMS B3 O #8331, San Diego
Gas & Electric (SDG&E), CenterPoint Energy(CPE), Austin Energy, Duke Energy,
Kansas City Power & Light(KCP&L), Pacific Gas & Electric (PG&E)® 6 #»5 H Eh
TW5I[33l, %7, Ao EPRI @ X 5 I2’ADMS’ O S # 4 FW - I2 @& 2 DMS OB %
EHTWDHILH D,

x 72 A—J1—7 ADMS #5329 C, EHSHIZE > TTEI S OMRERERZ & D
EOICED DR REE 2D, D72, "OE ADMS Program” Cl%, NREL % HLMIk % 72
ADMS [ZHHE LT2T A MRy ROBREZED TN D, I THEENERN LI-OBIC, K
£ ADMS OB ZAT > TV 2D TIXRWDS, B 287 T RF 28T O f B HR T A
7V BRI HOWT, iR Z2ib %, if&IZ, BN THEED 51TV 2 RER T ADMS
DOBA%GI & LT, ADMSALV &1 5,

(2) OE ADMS Program
# 5.2.2-1 OE ADMS Program O#f%

i 2yl A OE ADMS Program: Advanced Distribution Management System Test Bed
Development

BHY ADMS DIFEDFEKBEDFR R - BRZMNET 57=H0, ELAIIL-RyF—h
MBTAMYREREILS DL

MR -FAFEER "BART - RUA— H{RED, BEEFELOLUFERD ADMS 01— 47— %,

RENLEROEE AT LAET—IILRHR EOHRTE CMATREICT 5L
CEERMNMBELMEEZT, SHESHOREEIZEN, FOA—XFT—2X
AIREMNTHRIIDHDIZT B,

EHEF AR NREL, PNNL, ANL, EPRI, Holy Cross Energy, Xcel Energy, Opal-RT Tech,,
Schneider Electric, GE Grid Solutions, Survalent

SEHEHAR 3E/(FY16~FY18)

FERE DOE 34T 450 ARLXEDFE

FIREE 2020~2030 LL&(next decade and beyond)

Jx7HAk NREL @7 H 4+ https://www.nrel.gov/grid/advanced—distribution-

management.html

(a) MHW=E
K(ETIX, NREL #H.0icE D&t A= —8W L T,” OE ADMS Program:
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Advanced Distribution Management System Test Bed Development” (2L » T Hi
TWAHOE IZKREENR), #£ 5.2.2112, ZOMEEZRT, Z07vny=2 OB,

[ADMS DR DOFEEREOBSE « R ZMEHT 57200, EL L « XX —HSI T A
Ry REFESITHZ L] THDHI39], ZDHE—OMEEMIL, ADMS OB LSRG
AKEELEREWOV — 2 A LEZBTHITHE00D LT, FEEEO ADMS OEAIZIIERIOET)
BAEA~OFIE N LB Z L THB[40], 2D, EROBEB SO RRICE DR D
ADMS OFHHASLE L 725, % 12, DRAS <° DERMS &\ 7= DER O E 22 Hil{#s =
TAOYA 707 )y ROBNIEABEE LT T, ZnbomlE2 ADMS O AMEREIC
WBEHZDHZENEZLNDZ ETHSH[40l, ADMS NI DRMS - DERMS °~ A 7 1
70w ROBEEEMAAT Z &b, ADMS E4MTO 26 OB AL GEH ST D Z
EbBEZLND,

T A F_y R NREL OFERBRZRHE VT AFA LI ab—X T T2 HNTAE
I UT=EICRT L, BR800 ADMS 23 PV O o — X LH KL, 2T Ry
IR EERHELT, F—A 7 —AOMUREERER L TWDENE D DNEHERT 5.

7rYxZ MNTIE, ADMS ® 15 OH@BRE S TW\W5, £52.2212, RatshT
WD B EFNZET D, VVO RBEFEEIR T & W o B EBICBEEOREWHAT 6, T~ R
L AR 22 DERMS, Mtk W72 bDETEEND, K5.2.2-212, ADMS 7 % bk
Ry ROREBRY 2T AOWEZR~d, F, 5.2.2-3 |21 ADMS 7 A FXw RORER Y
AT WD E TR, K 5.2.2-4121%, NREL ® ADMS 7 % by FIZEASH TS
R OB &R,

7< 5.2.2-2 OE ADMS Program TSI 4L TUW %5 ADMS @ 15 FiFEO ik

e X9 5 BARE

Volt-VAR Optimization (VVO) BE - EMENZREL

Fault Location, Isolation & Service | B¥RH - BHXMHIE. EHXMHE S -
Restoration (FLISR) =1k, #EIH

Switching Order Management (SOM) DBIEEE

Short Circuit Analysis (SCA) RRERD

Demand Response TIVELRARUR

DERMS PHEBEIRIILF—EREEIRATL
Online Power Flow * 254 U TORREH
Distribution System State Estimation (DSSE) | BEE T R T LIKREHERTE

Optimal Network Reconfiguration (ONR) EERDOZEHEERK

SGADA HlfE - BER AT L

Load Forecasting B 757 R
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Market Functions THis TR

Mode| Management ETILOERE
Predictive Fault Location EWEADFA

Internal
Powerflow

Real-time
[[ OpenDSS ] [ Simulators ]]

f———\
Power

Hardware

T
Controller

Hardware

Remote

Hardware

~—

5.2.2-2 NREL ® ADMS 7 % by RO 2T 5 O [39]
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& feedback
Controls B S
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J gy Feeder Sub-section

-
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— I
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I

I

I

I

I
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1@PNNL (==
Parser for
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|
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5.2.2-3 NREL ® ADMS 7 A b X RORBR Y AT L D4{A4[39]
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Testbed Hardware Setup |
T - _:L ‘ s A/

» Cap bank and LTC controllers
» PV Inverter
» Grid and PV array simulators

NATIONAL RENEWABLE ENERGY LABORATORY 23

[ 5.2.2-4 NREL ® ADMS 7 & by RIZEA I 5 H4(39]

(b) #REHIEHE

ZDOHT, VVO, FLISR, # > 7 A v OiflfifEtr (OLPF) - ket E(DSSE), WS ino
AFEFOIEAIZOWT, FEBROEELCHET 23D 5T [40],

W - EAE HEICE L T, FTa2—RF—2 0 L LTy Ialb—a ko
HrE OB NHED 5L TND, U TIVH A L TA 23— X OBELEFREZITUWVFER O R
M-I PE I % AT I B 726D, SRR E DT FIEOBIR N ED ST\ 5, TR X
0, B Z X B - TE R O L S AT COEBEEABOLEEN I STV D

O 2B LTI, Bi% &7 ADMS 23FF2 VVO BEREDOMEREREAM 2, B~ 72 I//\/I/@{E'J
ERERL LT — 2 K - BEOEISIZH LG Z{T> T\ d, VWO Da—R7r—2R kb
LCig, EYEEN~OBEHRE, v— 27 TEOHNEE- 2B FEIC X 5HIE S DR <
DER Ml X 2HI), & OVEREFN FIEORYE, BlEMNOEE ﬁ%lJﬁM%% 3> DER & D
INCT U T RRIBRE 725 T B [40],

FLISR Bi# ClE, DER OEARREWGE, v~ 7 a7 U v REOHAEERARH H5A,
AMPIEFIZE OGS EORFNR SN T\ 5, OLPF, DSSE BH# CTlX, €7 /LD
EHHIE, PEEMRELEMOE v, FHREREED A X7 S OR/ME, PV OHEKD
FT MR EORMBED LT\ 5, TESMBETIE, T-D-DERMS O Ciam L 7= &
972, DER 12X % FARHE~OEBR T TOENMEOHERFE, DSO 12X 5 HiGHkEO#R
i, AR~ OEBRATRER OHEE ABFIER & 22> T 5,
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Q) BABRMER FEHMRB/NA Ty FRERRE

BARDOEEMICEERIE O DDOT A h_y K& LT, — A ANE S st
FTARGRBR T v & — 2 D TFHEHRGNA 7V v NS H 5,

— R EE N IR GERT T, fREROEERFTE~DO KB EOKEE AN E- T
FETDHZ ENTIRIN D2 RIS KIS T 5720, BlEMITEEERR 72 5 ONS, KELss
D PCS REF B &\ o 7o TWEF MR O ZHR LT OBAFE - FHI<°, Hl#HT 2T L0k G
H7e FERERBR 21T - Z & 2 Y& L7oiBRakfE & LT, TRREMRENA 7 U v RERRH)
ZBH LTV 5 [41], [X5.2.2-5 IT8KM A~ T, sBREHIL, FERB OB ERM (ZET,
20kV/6.6kV @ EALFEM, TR, (KEAHRALEMR), /HBE BRI (RIS ERE, FHEx
B, A N FEBIR), BERAREE (U —F L X An, BEEAR, BFAm), ¢
77 A A MESRERER I X DRI TTW D,

23, | 43 ]
g RTjX |
1 = 7 i \ | =
A l ™A _L 1 T l 1 :
\ 4 o s T .
v L23 R 43 R S‘Wﬁ |
300kVA || & *‘ [ 300kVA
STATCOM - 4@ STATCOM
o 2 7 |~ — 3000 kVA
500 kVA LBC, H - © TSVR
1000 kVA LBCH Tl
e B
(BB HE) T R LR o
RAETINN ——— CTRHX
2 @
Ui EU S
3 Rt 4 -5 4 5
— 6. 6kVEE . ,
— 22KV LPCP: v—TFarbua—3
T 6.6 KV R A i
G e © Y HEEE
+m:f¥?%;yx @ BHRAVIT=AR
B
P
[} [
— L \. LT
141 %‘(L?%‘—_}:% T

~[BTE &
N—=F % )y
GEBRR M
5.2.2-5 FEEHAMNA 7V v Nl OB [43]
(RR—FJ )y FRRICAT-ENRKETREEMEER !

[RR—FJ )y FEXZDBAIATLETM , ERFR (2014) KL YERH)
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BILEDIERFEI & LT, TRRD3 7ry=7 FaRT5,

(@) BARY MT—0 EMTRIEHT[42]

2004 FFEHND 2007 4R F TlE NEDO ZREAfsE (1% v N U — 27 HANEREFZE) 12X
D, RIS X DB E L EIN O ETEN TN, ZOWFETIE, BLERRIC
YO BIRA K EIE R SN HE THIITORFHIERES (SVC, SVR %) 12XV EFH
EAb % 289 2 E PRI A% - ERES T, F72, EEERL—THERA AT v Aay
Fr—3Z (LBC) 73BRA%E &4, fthod Rt & O A M 2 5 o 7o FiEBR M T i
776

(b) REREEBRMEEH EHRATELEE

IRAAREBL B R A AN SRR 3 R 2 - IR HAER L i 2 )0 L 7 AR 2k -
k= A b7 BEaRBESE) O FEAERBR R 24 4R ICTT DI, 6.6kV BLERSE T A ih= N7
JIHfEZEE (STATCOM) & EBAFREEE (U F U LA 4 Eifh) ORI T,

() HHEIRILF—RHEKENMAEERIIEE[44]

Oy B T 2L — RAREE ) MRS RGeS 2 (PR IH B @ Ikt RELEE 2 7 L D
FUNR D LB MR AN OBAFE) D EFERERAN AL 26 AL DAL 30 4FEICE D £ TITh
NTEY, AHY—F —FECA MR 2 R 2 S8 2 REEFICBW T, HFERREE
D72 ETHZE STz SiC & vz SVC, AU TVR, & 7l & & Eds 78 & OB
MRS O BRI OB ERERE R AER,  HUAHIEEE SR S AR E S N & OB ERERRE
flfiFkER 72 & 2@ U C, PEREREAmTE D &% M ORRRE, BRFEEs D #E i (e AV HIE O A7 2h PR A 2
Fhti LT\ 5D,
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(4) ADMS4LV 7>z b
# 5.2.2-3 ADMSALV D%

oo ADMSA4LV — advanced distribution management system for LV grids
HHY AR—rJ YR DBHEMLGEREZBREL, BEEREHDOE R - HlH-&
i)

- HAREE LUTORMEEEERRTI2ED1—ILERKTHIL
- T—ADEELNE
-HEREOHREB RS TEEL

‘DER Hi&%#EELI-EEDFIHEE

B OIS IR RIB R DB

‘EV RERT—L3VDER
A—H—AVA—TI—RDBE

EMER EDP-D, INESC-TEC % &

e HARM 2 FE[M (2016 EE~17 £E)

ERREE T~/

T YAk https://www.inesctec.pt/en/projects/adms4ivi#tpeople

RN TIE, REA XIS L L7 ADMS O#FFERRFE b sk > T\ 5, Z 2 Tid,” Advanced
Distribution Management System For active management of Low Voltage (ADMS4LV)”
ZHlE LTHY EIF 5, #£5.2.2-312, ADMS4LV v =7 FOMEL/RT, ZO7r Y
=7 ME, A= 7V v FOMRRF A B Uiz, (REREMOER - HE - &
BOFRY =NV FOov AT AORIS L RE] 24X 5, RV b Iro7ay=s BT
b 5[45], PV EV #1308, £< O DER IFEREOTHEFMHER SN L0, Av—
R A =2 (AMDOE R BIEH L7z 2 b Ofs OB - Hil#EEgRE L2 ADMS ([ZR7-% 5 2 &
DTS TN D,

BRI D HE (20K V) « ARE@OOVIIZZE L EALH ARD EE - IRE L 0 BE & < FiH & IR0
ZELFEL, BAD ADMS IZBWTEE - BRIETENENLED L D R L FFlo & 50
EEETONEND D,
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5224 BATODS#%0O ADMS HAEEFEA~ADEA

A A &K TIIELE O EEERCTH = R OEA, BEEEZH ) SO ECHE S R 5
SUCHEE L, ADMS OB E#ED 2 LENRH D, BAROLGEIIFHIEE[~OKED PV
A%, DER HiFH L CHEREAZEBML 20N 5D TN Z &, —DOESREES
ZHN5, #5.2.2412, 5% D DERMS WFZ2R% THE BT N EHEER 2177,

1S ES AT O BBFE - FRESCEE - B E DTS B SO E Y AT HTEA
ENTNDED, ZNDENSHREBRNSKEEAIN S L TOMREICT vy 77— LT
SWHENDH D, £lo, Av—FA—=FGIS, B ROEEL LT —HHAEIZESIE
ELEMEOIRFEHEE, PV AR AT 4 7 X% 30T 4 OFHUL, BE L~V TO PRI ROE
Hie ITRMIOEBN RO b, S6IZ, BIED < ROBLEMR CTBEIC PV B A &N LR
IZEEL, BINE7e PV EANIZEANEL RN H 50, 29 LIREUIEA % S HI28m+
HEEZHILD, ADMS ICEEOHIKICE D PV 21X U LT 5 FH 2O IHIES, &
DOEEED 72D DER OHIEIELER D 2 %7 s & v F—)OMiEE Fi-E 2 2 R TEh
1%, BLEM~OEBMMREEZRE LN 0, Hed PVEANRTELEEZILND,

FERETIE, SER L LI EACRFEERIC DER IZX 0 RBATI(~ A 7 a7 U v REDIZ
WETDHZELBEZOLNDN, 9 LIRENENT/R 5720121, AfO—EMHT &K x
557210 DER OEANHIE & 725,

AATIE, 4% TREM~D PV ofthoo DER O KB AN, 5 TiZA QD) B
LA & O AN A TV EB X HRDH T, ADMS 128V BLEMEO SN - A
BEZ RO CTRERBERZ1TO 2 &1, SHROBLERKONENZFMIBENEB DL
s,

#* 5.2.2-4 51 D ADMS WL TH BT~ X HERER

T—REE - B ERDOIREHE 2020-2030

B A PVIRRT AU 080 T AE4RAE | 2020-2030

EESFTOEBREE BKRE 2010-2030

EH-g8 - PRI RFIEERODERIZEDEAT | 2030-2050
MBS (x17071)UR)

B - ERNE D@L Hi 2010-2030

BEL - AIEROGE B (RERE) 2020-2030

-ERERKNTOBRI R HHFIEZ | 2020-2050
DEBE(BEEERRIARII&E T R—)

- R IRRTA T Fw R T4DF £ 2020-2050
EAEEREAHE | pEamgiE 2020-2050
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Solid State Transformer (SST)
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Jeffrey Nasadoski; Allen Hefner: “10 kV, 120 A SiC half H-bridge power MOSFET modules suitable
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Ownership Operation

A power generator = Another market player (retailer, aggregator...)
u A consumer m A transmission system operator (TSO)

u A distribution system operator (DSO)

X 5.3.1-3 EEMOFTE LEH CCHS]E Y 51H)

5.3.1.3 1ED, PMUEDIREEER U+
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WD T HN=T I ENT A MTIE, IEEEL547 I[ZHEC T R ED A~ — b A /13—
HIEENFEH STV D, BRIN T, o ERE &1 5838 Y ) — A D RfG (Requirement
for Generators)IZ A~ — b A R —Z OREZBET 2O HADED G TEBY, X b
U—7 a— R & OFEESEG ZHINSE - £ U 7 THED TWDRPLTH 200, BRI

BIFHASY— b RN —=Z OHIREE LTI, () B, JEREZEE T, £7-, A& -

N E D AV, Af, P, Q DRZERLEH], (b) ZEEHIHFDT v RN R, Rb—
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Fast Recharge (50 kw)

Simultaneous charging of two vehicles
Indoor and Outdoor rated

JuicePole (22 kw)
Simultaneous charging of two vehicles

JuiceBox (3.7 - 22 kw)

= AC charging AC and DC charging
= Single charging session handling * Indoor and Outdoor Rated . . Smart charging - Power Modulation
AC charging = Socket and cable version Juice2Grid (15 kw)
Indoor and Outdoor Rated = Smart charging — Power Modulation

= Single charging session handling

= Bidirectional DC charging

= Enabled for storage integration

= Smart charging — Power Modulation —

Socket and cable version
Smart charging — Power Modulation

q

|

@ Local Energy Optimization
]

Grid Services Monetization $,
(“behind the meter”) =

(“in front of the meter”) 7

Time Of Use tariff optimization Demand Response (Capacity Market participation)

DAM vs RTM optimization and hedging
PV balancing/optimization

Frequency Regulation / Response
Demand Charge Management & Demand
Limitation

DSO managed congestion relief programs

Load Balancing (connection fee reduction)
Energy2grid

(b) EBXHBEZHE LIca—F A R Rt A FoF— =2
53.2-6 A % V7 Enel DEXHBIHE « FEEL AT LOIGH U8
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6.3 81 SEXH
(1] JUMNESH T =7 %A b, http!//www.kyuden.co.jp/supply_notice170407.html
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fT5%(1) EERMEBEERMOERADELEIZONT
NEMICE T HEBRMEEERROERDEEICONT
a. BB EEFD TSO-DSO EHEIZH D EY A

T2 TIE 2E TS LT Smartnet 72 = 7 I, Power Potential 72 = 7 LSO
FH AT D,

7) flexitranstore 7”2 Y= 7 ;b (2017 & 11 A ~2021 410 A)
BESHIT %23

flexitranstore project (%, 2017 4 11 H KV BAGSHIZBINT B =27 P TR T 1 X, F
T, AuR=7F, TAHIVT, LK —, ZAA 26 DE 8 AT THEIENTHOIL TN D,
FRM DORFFERRFE S A fE L TV D H2020 12 k2T 2,170 T=—nr (=28 & 2,000 75 9)
DESMIEN 2 INTVWD 4 FHOEIETn =7 N THDH, EiED T +— AL TSO-
DSO #H#EICIR->727 vy =7 FTIERL, A=V VAT ALFIREALROGENE
BREICBITD 7 LX) T4 M EORDORET T v b7+ —LOBRFEEZHKE LT
BY, BMEEOEBRMOFEMICLDIFZR L =T DIEREZERLIZLDOTH D,
flexitranstore project O A [ (1)-1 IZ-7,

Robust Conventional Generation Plant Integrated Battery Dynamic Line Active Substation
Plant through Power System Energy Storage System Rating Controller —Hardware
Stabilizer (Robust-GEN) (PI BESS) (DLR De-it.ing) in the Loop (ADN-HIL)
7 v
. Energy ’Substation| Transmission .|~ é’dB’s’t’é’t]’o"ri""""""",'.7 ’ ":'Bié't'r'{lil]iib'i{ """"""""""" | Y
| Generation” | (MV/HV) Systent’ (HV/MV) 7 System 3 A\
o P ! \

0
P2 N

r _ Monitoring &
i Control/

I
|
|
l
|
\
|
S £ '.“ : d p—
. "/§ 1 "[ﬁ P : : i L [ Market
— v ¢ HHS O
| o | R

| = .

| Wind | Sy | e
: | ~. ‘ 4

| a | . | .

| - . ! "~ 1 i

; i : og R i i

| E ' iR . 3 '

! ¥ = .
Gas Turbine, = | -
: -1 | =

| o %

i .
! d ] .
! + ] ”
I > | o
| 5 3 { )
I « 1] x { -
i 14 1
| \ |
|
|
|

{Thermal (Coal)

[ B ] - s, V) i
"""""""""""" Tl ST mmmmmmmmommmoooooigeo oo ;
Active Substation Controller - Power Flow Active Substation Contraller - Wholesale Market
RES and storage integration Control Storage Integration - Demand
(WPP-BESS) (PFC) Response (ADN-BESS)

(1)-1 flexitranstore project M EHEHEE
HIFT) SCHERLY

flexitranstore project N HAEIZIRE L 2 2H Y, Fild&Bh Lo TnD,

® IMNDZ R ILF— AT A~DETREA O » HEk
® KM DIEBE [ O FE i O HE N
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F77, Yuvzl FNEAFOBEL LTIE

1. TSO/DSO A % 7 x—A (BEHZEEN) B EF, TAF—EU 77 Mg
T, B=RICLDT v T )= —E2AD#AMAZ YA — 9% BESS (Battery Energy
Storage System) Z#GT 5 LK DT RNF—EEDNY 2 —F = —2IKIZE
A7 LR E U T 0 O

2. RMEEHELENWROFMEREITH) N —Tn—ary ha—J0kE, EERE
% ZL#KIZ 9" % Dynamic Line Rating DA% &3 A, TSO/DSO O EE R0 ERT & HV
RIRDEER DT 7T 4 T IREEF OO DR ba—F ORFED 3 DIC X
DIRERRDO 7 X E Y T ¢ OHEIN

3. FYURLARVAZEAMEZHETOTZ LI EY T ¢ OB EFH =TT 7
A — & Z O ORIH

4, HEEASOFIZIRT AT AAZET A FOEARL, A v —ZBIEEKORKEE A
IZEAEMORBDEME L, RREUEOREESLZEIRET 57 v REFLICL
HRMOBENE T I 21— a 952 LICXDMERARERED 7 LI EY T
+ DG

5. A_Xv—varoml, T FLARCA, BREKY—E205Mb, HE ML Vo
CRRAEC Y AT DI K Dk & i EUPHEMIA i 7 M S < e & nizii
BTy N7+ —LORBICEDHEENTIHOT LYY T O

SERED H & A HRIZ 8 1 2 FEEENRITE (1)-1 DB L7poTWn5,

F (1)-1 flexitranstore project D& Hif DEFENE

E - thig E SHIAAES

TSO/DSO 4 VB2 71 —RATHEBMDMEICL DTV T4« TEEMN

Evinlyd _
arvkO0—3
£ 08 AOAREEREEMCOEEMDOMAEICLKDI TV T+ TEEBRaV+
A—>

AAOR—_7F
TILAHY) TAEE
TILAHY) TEE
X)L vEih

Dynamic Line Rating

BRI

Z:;JDUXT EFEMIZD T E & clearing

ARAL Y 7O T4 JEEFRIAL FO—5O HIL (Hardware In the Loop) DT E
N)L¥F— HRZ—EUREBRICHESNT-BESS VX T LA

N)L¥— VATLRABESAHFIZEHONR MERERBEFEE

HifIT) flexitranstore project presentation & ¥ MRI 1EAK
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ii )TSO/DSO R &

TSO/DSO HHEIZEID A4 & LTIEF ' m A TITON TWAEEBMERS LT VT«
TREEaY v —TDOFEIENRHDH, T I TiE, AND (Active Distribution Node) & FEIEAL 5
BERKEREEE LT, EFEMSCHMEI AT A, ATV V2 hearbe—TF%
e L, TSO/DSO MO ZiEb 5 Z L Z#HIEL LTWD, ZOEFEIF 72 ADE
RIFD 132kV/11kV OEEFHTTITHOIN D TET, ZOMETIEEFRICBITAFENKRE L,
BLERM TIEZ < O\ A DHEAIN TV LHHUKE 2> T D,

flexitranstore project TIXFITIEBRMICHE ALY TTNDH72®, ADN BT o
— L L CHEBEREA~DYP—EZAEZER LI OREZ 0, L, ZLF )T 40 Ot
Za E S5 7 DICEEM TOZR A X —DEHIZ O T HMFN R I Tb, ADN X
LEMEITEHL TS O THY, ZORDEEN LTk« ZREREHE— e 2%0
Ty V== RERML, HHICLENT I EBEKL WD, — 5T, EEMO
TRLF—EFHLENIHE T4 —HAENTNEED, EOLIRT—F~<F AL bR
ITONDDD, EOVolt VAT AEZER LAl 2= —va vy ETHI0O0ENI RICH
HERL TS RERDH D,

1) Callia 7”r Y =7 b+ (2016 47 H~20194 3 H)

i )EEMEEE

Callia project 1Z 2016 = L W BMA SN TH Y, FA VHIRFT XL X —4 (BMWi) , 7
— A LY TEAAZ @A S N— 3 BT (bmvit) , L 3 BRI (Tubitak) ,
NAF =D T T UH—ABFIC LV EE SN TWHEEXE 27T L ThD, Flanders
Innovation Entrepreneurship (28 % 330 H=—u (=4{§ 3,000 ) O&FE#RZMEZ =TTV
%, BEBHEAITo TWAREOHEEN T O =7 MIBMLTEY, KFELEOHIHEE
KA Y TSO T D Transnet BW oA T/~YL T 2By b2 L 0D 5T
AT

B4 (1)-2 IZ Callia project THE L TV D Ek % e REIEHE R OWH ) A ¥ — L% R~ T,

Control Area 1 @ Control Area 2

(1)-2 Callia project THEET 52 ERHMERABFROB IR F— L1
HIPT)  SCHRE

U KA Y OBLERTIL, 800 LLED DSOMHFEL 1 DO Y 7269 5 72 D25 DSO 12 Lk » Tt
BREE B SN TV A BT IEET 5,
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Callia project 1%, T X TOEERERICENTTZLF BV T 4 2 L DILRSELH72DITH
HAEHT 20— VviliZER 7 v ) X5 2P%E - 9225 L, DSO WO RZ#E B, 35 X U'DSO
MO N ONTORFTEITo TS, TZTHWLN TS e — A VITRERET VI
ALE TSO LAV DOHiGEZE L, BMEEHEOERE 2 2 E W ol — A7 — A %l
ELOD, BT RO R F—A7E S 2T LAOWINE ) BHRFEOLZENZRIT 5 =
EEREBELTRY, TL—I X0 T5LROEIITHR>TND,

® DSO L TSO MOFEAZREL L, B OT7 LR YT 4V YV —R (FEMSLT
TV = a ryENEHTAE) ZIEHTLIETHIROLY GETLE LE
NENAET D0 SN TGO A SRS H 2 &

0 LETEEMEOEVWERKERL, v—drtiGEe7L3 e T4 ) V=2 %S
Z L BT B 7 OFEHI 7 ICT OBR%E

INLDOHMEERTHEDDOHLRVAT AT =T 7 F ¥ 2HBELTBY, Thz
(3R T, HDOT 4 —/b K EFEHDRENZL Callia project N TR 7= b DT, K
D7 4=/ REBFRORANT, BEAMLERLOTRT B Y 27 NOHFHIITH D,

W — |\

Wholesale markets
and markets for
ancillary services  aalalalalely

Flexibility providers
Callia flexibility
market platform

Central clearing Market

System (@Ts0) aggregator

operators

TSO Cluster

. manager
Local clearings

(@Ds0)

Device

\

(1)-3 Callia project D AT LT —FTIF
HiFT)  STHRE!

i )Callia project [CHIT2TIHZETT v b7+ —L L RWERBRDEE
Calliaproject TOTHD 7 L — AU —7 OERBEIX, THEX—AOBEERETS 7 v ~7

oyl

F—LEMEMTHZLTHD, FICUTO3mEmiEgs T LezBMLTWD,

® MV, HV, EHV FEEMER TORMIBME L EREER AZZEL, ZRLEHL 7V
eV T —NTHERAINDG YY) a—Ya kAL THIE

0 THAX—HKOHDL) V—ZADT LIV T4 EETH L

& AMEHFOREEMEET2EEL-ERREEITH 2 &
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DT L— LU= [ 3HEARMCHGARERE LT 7V =205k LX) T
47N =L DDA BT 2— A LTHERET A7y N7+ —LThHbH, T,
WRELBEESLT7 UV EY T 4 2R RVWREEREE, RFHvE Yy hTlRET 5, 7L
FUBEUT AIIARLRL ML —R, A~w— T 0y 7 A —F =R EMnE LTt
N5, BEEOHH L HE LT, ZL0RBITT7 LRI T 0 OFMEE 0 —h L RO
HRNZEDEDT-OIZ, o= VT 4 X TICEVIETHINERD D, Amtiliix, 1ih-
RIIEHEA F 72— 2% LT, ZHEHBEN TGRS 22, ZROWEEHROT
— A X2 VT RSN TWD, X7 2—ARNIZBWT, Callia HiHOER DD
DFEPTOND, T b OTGERERESCE DM OMMAZE (1)-4 1277,

power plants

long-term, OTC, DA control reserve . .
(bilateral cooperation &

markets market

legal guidelines)

interconnection activation
Information exchange

v ¥
AT, .
oolieta | Callia market market-grid operator-interface
implicit (platform)
flexibility
o Option A:
(pota,,tx,uyg intraday market
P prequali- flexibiliy bids for a specific
§ fied) range of time (1/4 h)
o collectionand :
8 processing of results local local 9"": m:’d;'s &
o bids clearings clearings caluclations
o (1,...,n)
- I
g
o
> central
= accopied clearing
£ flexibility bids
&
::2:;:;:" L congestion forecasts
: (day-Ahead (DACF)
-blds Pro:::: |i;g o und intraday (IDCF))
cost information exchange
PSRN
(1)-4 Callia project DHIHF TS v b 7+ —LDEE
HIFT)  STHRE

DAV HE T 2—ANTIE, TSO THIHAINAHFRIEFR L AT ALK DSO THIH &5
local {EH AT APFIET D, BLERMICEZ DT LXF BT 4 U Y —ARNEAIR,
EEB L OEERKICBIT 2 2MHNEEE LT, AEERIRY o —H L L~UL T %fif
WT 2 HEERBRT D E N o722 I L ENFET 5, 29 W o il E 2 g4
L1200, 2% GEEL-VLV) TEEINIFRERMEITI IO M2k T 5 —HEor
—VREIZ R S D, a— VI, 2R VLT L DOKER Y Y 22— a3 U itg
HINDZEERAET D702, ZRENNER LIV TORBEEMAERTLINERD S,
0 — VIR BRI T 572007 LB ) T 4 4T 7 —RERN RSN BT,
BRIV ORFEHKI MRS D &0 A Z RS T2ET LV Th D LIRES LD,
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b. FEFEK - IRFIEIZH (515
Z 2T 2 T L2, ENTSO-E OH Y #1A<° EDSO 12 X 2 B Y fHA LIS O Fi5i] %
BT 5,
7) ARERA (IH AEEGSI) O

A X VT TIE, 2013 4FRERCTRBEEOE AN &N Z O EFTHLT O HV/MV ZEFE T C i
DIELTND, ZOXIRRNEZIT T, 42V 7 OHHIBEITH D AEEGSI X, &I
AT AEBRETOT T ) =Y —ERLa =N TOT T U —H—E RO TLL
T3 OOMHBET NMICET HX—/—% 2013 FIZAX LTS, ZHUFEEa T
— T a OBEMET, BEERETIZR,

® £7 /L 1 : Extended Central Dispatch
® £ /L 2 : Local Dispatch by the DSO
® £ /L 3 : Scheduled Program at HV/MYV interface

FEEDORT o TE L TUL, T 1 BDEEDODA XV TORMETL VX2l — g0
BEEDA 7 T HERTHMNENRNZD, 77 —A ATy 7L LTET/ 1 OBEAN
HEISN TS, ZOH%T, ERHEELTET L2 RETIL 3 DRSNS TETH
%,

IR, #NFNDETMZHOWNWTCEHFE LSBT 5,
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i JET /L 1 : Extended Central Dispatch

% (1)-2 ET/L1: Extended Central Dispatch

e TSO 78 HUMV,LV +_TD VY V— X ZEHEHIET 5E 70

e TSO Z7 vV —GoA~L—4L L THIEL, RROLEMEZTHETD
7OILHZ Y Y —AD~—7y MRV YV a VEEETLIHENS D

e DSO X TSO ~DO7 v T V—H—EAEHBELRNLEHIZ, Ty TU—if
B AFL L TV W TR & 225 L Cr — B L O REMERICIE 32

\ Conventional plants connected to EHV/HV networks
0\)(095 kp&‘:\\“ RES connected to EHV/HV networks
o S‘eﬁ\‘ 2 *  Final customers connected to EHV/HV networks
TSO S
te e, o * Trader (DG with rated power £ 1 MW)
ces (ASM) * DG connected to MV or LV networks (rated power > 1 MW)

* Trader (for MV and LV final customers)

DSO Local reso!,lrces o DG connected to MV and LV networks

(fixed price) MV and LV final customers

HIFT)  SCERD!

ZOFETIETSO 28 HYMV,LV T R_TCD Y Y — R 2 EHEHIEHT 2T L TH 5,

TSO O7 > Z V—HGHIZEMT 59T _XTO Y ¥V — A IR1THICEEFE - Tl 28T
LN H D, TRTOY =R T L2 EBVICRETLIRENRH D, TSO (TRHED
RRMEZ R T D 7D SR ERHE - FTHIZEEL, &Y VY —AD~v—4F > hARY
Ta VEEBETLIRENRD D,

ZOEITTSO BT RTDY Y —AZEHEHET2ET LTI, BRERKTr—H1LD
RN RAET D REVEN H D, F£72, DSO 23 TSO EMNT L Cu—h /LD AHE K & fiftik4
57O I 21T 9 A, TSO DAL —3 g NI B L5252 6H V155, - T,
TSO & DSO OICIE, B L HIEIC O W TRt =T L — 2 EHRTIMLERD D,

G, T R_RTOHWEFRDO I BEDY V—ZARND TSO 12T T Y —H— b 25t
THTERDIE DSO TR LT, BARKILEY 2 BERZEIE X5 X 51254
ERH D, DSO UL, TSOIXT v T U —Hh—E A& M5 T EDSEERUSND Y Y —
A THERFLDO R — I NVOMEE RIS 5 Z LIl D,

F 72, TSO 1 3tkx RELERTEN DI SN DT T ) —Hh—E R EZEHT 5729, DSO
v — I L DK Z R U7z HE. I TSO IS LR T uEe 5722y, TSO X2 uic i3
Ev—r v NOREEEET S,

TSO ~D7 7 V) —H—t AL, HBER,OEERMEIND ), T2V F—=2%)
LCRftEn2Z &b, — 5T, DSO ~Oua—hLOP—r 2%, 77 ) —iith
EITANZ DSO NEAHE MV BE LV ZFEODBER L EZMI LT, 20V V=2 &EMT 5
N N
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i YETJL 2 : Local Dispatch by the DSO

% (1)-3 ETJIL 2 : Local Dispatch by the DSO

o DSO MEIERMD v — ANV OREZ RS D728, £7213 TSO D= DI/ B
RaflEdssE7 1
o TSO FEH HV ZHEDY Y —A%fET 2570, DSOIKLTT o7 ) —H—
EADAT 7 —ETH
e DSO HEERMDOY VY —Anb T 7V —Y—bRx2#HET LT
(ASM_D) O~—4 v AL —& L LU THEET S

P\SN“ * Conventional plants connected to EHV/HV networks
ces
S stem ‘-esol.\" RES connected to EHV/HV networks
TSO *  Final customers connected to EHV/HV networks
Syst System resources
ystem resources (ASM_D) * Trader (DG with rated power < 1 MW)

(ASM)

DSO *DG connected to MV or LV networks
(rated power > 1 MW)

Local resources

(ASM_D or fixed price) * Trader (for MV and LV final customers)

HIFT)  SCERD)

ZOFETILTIE, DSO IFEERMKO T — D VORI Z ffk+ 5720, 721X TSO D=
WZTr 7 )= —bEREFET D,

ETNVL EHERY, TSO ITELERFMICHER S NTEY V=R L EHESLVIY 50 TiX
72<, DSO %4t L CHEIROKIEHZ EITTH2AXF—LTh D, -7T, DSOITHEENMR
ZHIET ORI T ) =G bRV MY 2352 LT D,

TSO | ,#E&BT%)7w&4A@jmv—°ayf%ﬁ%HV%%@UY~x(k
JIEITE) o7 o7 )= —EREPWET L ENTE, F/MROa X N TR %
aﬂ§¢6;£ﬁ>T% Do

ZDETIVCIE, FHLWT 7 U—Tith e LT ASM_D (Ancillary Service Market for
distribution network) 23EE X415, ASM D (%, DSO 23AMH AR — k ZEL R M O 55 B
ﬁ%ﬁ%ﬁétw@m%TDymmwMD@m%ﬁﬁ@¢u%ﬁ& |2 R4 2 Lz,
DSO X ASM D IZAFLENTZY VY —ZADHNOLIR B LN DEEALT, TSOIZT 7
J—H—bRE LTRSS, 72, TSO ~DOT v T U —Hh—EADHET TR,
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iii )E7J)L 3 : Scheduled Program at HV/MV interface

% (1)-4 ETJL 3 : Scheduled Program at HV/MV interface
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USSR DSO * DG connected to MV or LV networks (rated

power > 1 MW)
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The system will be coordinated using two-way subscription
tariffs and automated bilateral transaction platforms.

Retail Customers, prosumers, plus distributed generation and storage

Device Device Device Device

TE Service Interface

Ore Coe One Five Two-way
yerr e Fow misate Subscription
Tariffs

Standard Retail Transactive Energy Platforms
( Transport ) ( Energy )

No DSO - . Tenders and
or IDSO - : ~ - - - Transactions

Distribution Load Serving Entities

Operators Wholesale :.xl.m(mg_
erators/
(IOUs and POUs) Parties kKo
7/
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1) TSO & DSO DEEDT —F T 7 F ¥
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(A) BBEEEEA—7 (DO : Distribution Owner) D#&E|

BlFE S A7 A L FHB O —IZOWTIE, BEEEA—T 05 Sk Y &
Hb%gbéo

FRizgk ()-8 1. gl o530, TA v F ) AR—RADMERN/EET V=T
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> 71 R, [B.DERERAZT ¢, FlA] Eno7-fRE, oz 12, EH om0,

A, BAEMORGE, &%, A, [B. A yF o7, H#EEIH&EESH (X, DO M
HHEEHIRXLOEZND D,

ZTOHBIL, D OBREIIARENIC, WENREEICE#ET 5 H 0T, ZhE DO 2D
Sl E Bl L CHLOBEBIN Z D EB 2 ) OIIPHRATIZ RN EN I LD TH D,

— 5T, BEEEA TN, HEOA~CEHI L, BLDL— FR—RADEEDIHHT
BEERELTLEIRARLH D, 72771, DOIL, LV IREZRFHCRFAER 7 1t 2 h
HOHEIZL Y, ZEOX IR LIFEBETE D EDRGH H D, FFIZ, California Distribution
Resources Plan Order D KL 9 72D & 5 2R D727 a & A ZHD < 2 & TR T AEE
ThbHEDBEZFPKETIIRENTND,

(B) ELEE I3 BEE L 72U V) A4

(3. Wi OXRZFIZBWNT, D, BELNLOT R LX —HGOAIR - A (HHcE
JROEGIRY) |, [E.DERMOESIOWE, 7 U7 V7], [F miSeERs) &
ST HEREN, BB RKES K L72BRIZ, TSO 23H 9 7y, DSO 34H 9 23T — A 531F M
"RE &R B,

Ll E2E, DSO OBEEOIERITK UF- 3 DD — R ZEBWT, RO X 5 7EEM T o
REOIERPEI/FEND,
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% (108 BIRHHUEENKELRLEED, TSO & DSO DEESENHY A

Minimal Market
DSO DSO

r—z | =2

1. EE (Planning)
A PFVAR—RDOBERMGRET L O=T) Y DO DO DO
B. DER E%XRX42T«, FE DO DO DO
C. DERRRT 1 VI BEHSH DO DO DO
D. DER DI & KM fED 54 TSO DSO DSO
E. ZXEEDHEEHE TSO TSO/DSO  TSO/DSO
2. &M (Operation)
A. EEEHMOKRET 2F% A DO DO DO
B. R4 vFrY, FEEIBKEEERE DO DO DO
C. DER QEtEIDYEM 17 E DO/TSO  TSO/DSO DSO
D. DER D& ED 7347 DO/TSO  TSO/DSO DSO
3. ™% (Market)
A BEEZRMY—ERDAZE TSO DSO DSO
B. 7EBAERDRET 1 R/INYFIZ K BERERMY—

. TSO DSO DSO
C. DERO7F VS — 3> (HFEMBESM) TSO  TFIUHF—4 DSO
D. BELARILOIRIILX—TIHEORI - ER DSO

(HEERDEREIRE) TS0 TSO/t (C2) **
E. DERFEOEEIDRE, 4UVTIY TSO TSO/ts DSO
F. mis{EEEE" TSO TSO/Hth DSO

* HIGREFE L X, OT7 7V X =2 a T4 ARy FOa—F 43— g, QFEBMOPark-
and-Loan” ¥ —E ADEH, Q@QUEDOIZODO~A 7 a hT Y7 a VOEREZEWT D,
Q2 TV —=RERNRDET 7Y F—2B/NT, TSO (ISO) LDV B BN—AR{LEN=HE
HIPIT)  SCHRE)

i )S®ICAIT 3R
(A) TSO D&

BURD L H IS RAEM OB B % TSO BT R_RTH S Fr— 2% BET 5 Z LITARETH 528,
SH%IE, AR XL F —E O ERO KEEANE S, T XTOSHERE TSO
WEHT L 013HE Y ZHA L ITF 20, BRI BERITK LT, Al#E 2+ (Distribution
Utility) & %V ME DSO 28, BLEEMEOFHE « T - i e O&E 2 H 5 <& LORETITHEw
ST\,
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&“’ FTDSO ODEFBEZILKRT D000, SBEROE RIS el &2k, %k 5K
V2o BRI S R B B U 7= BRIZI, BB sy B oM B G OAIRRSC, & 5 Bl EME O Hilgk N ¢
0)1@%”@5&«%@%@& W o T2 HERER DSO MRt 2 LENRA L TL 5,
(B) DSO DAL &SI}

MFORESENZDEE DSO 72500, H5WIIEEFEORIESE & IS L 7%
23 DSO (Z DOHFEIIMAL L72 DSO & DFEKRTIDSO 7T 5) 725 I M, KETHE
NI SNTND,

=a—3—7JND REV O Th, FlxiX, KBt % Ehi qu\é Solar City <2,
B HEH D NRG 1L, ML L72 DSO Th 5 IDSO D% SLOMEMEWE 2 TV 5D,

YRGB N KB N 95 T, BEROREHECRFIER, U T ILH A DERANA
TAZFEE SRV ATREMER B S T, BN B 5 IEERN TR, VA7 Bi/NITDHE D 7%
BEOFBNEE L 725, KEOGA, BlEMO KR HIZ X 50T, #ilkiZisy T IDSO
REONLEMIZONWTEHERDMLIEL 2D,

T 1241 @ Paul De Martini <° Cal ISO (2 #1759 % Lorenzo Kristov & VYo 72 K[E O
%, DSO 1%, FRERANCIFIEEFIOWENH Y LI TN LW EDERZRLTED, Wil
LTIDSO #EH T LHmE Vo -Eml ol Xk LB TH 5,

(C) DSO D&

TSO (ISO/RTO) & DSO O&E|ZHEEITH L, X (1)-12 DL D275,

ISO & DSO O, EHE TOa—T 4 x—varndbb, EEXRHA—T (TO) LhE
Eaxfg4—7 (DO) & DT, RN =R ALX—DONBITET 5,

ISO & DSO DiRIE, THFETIZEE L X H1Z, DSO B/REET 5, HD 0k
DSO BfiGIZEAGETHE Vol —ARELETH Y, HBEIZONTIE, SECERS KT
LT, TV =2 ERNQDEE E DSO BWER-T 0 E H )T, TSO &@@#@&Dﬁ%
HipoTL %, B (1)-12 DFEOFED B, Cl, C2 LW o772, ThETNDr—2A%RLT
W5,
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KEY MISIE:‘.! Coordination
—— Market Dala arkets -
o— SENSOrand Meter Data f o _ Bulk System i
= DER Coordination v A,
= Direct Confrol : | O B ﬁ_r E,“
e ge - |2yl —
RREY s
o | m = . £
() 1|58 {—/ o B
,\:“_"'i ________ el | g o =
I Distribution System

I
l = 2 - -
|1~ !
I Integrated T&D DSO RT Coord Do
L RTINS s Coor vith TSO Consumer Billng
| ‘ sourcing DER Rsaordg i ; .
| | DER w/ISO i Design/Build/Own Interconnection
| ‘ Locational Value l | DER aggregation ! Processes
: I Analysis for wholesale mkt i Maintenance ‘ Hosting Capacity Analysis
| I | [ Outage & Power ‘ RN T l
. . : : Distribution Engineering
: | Distribution Markets : Quality Mgmt
| Capacity E Network Operations
| Cleanng | Doy Ahoad | !
i and y Market Scheq.ulw Dispatch/Enadle ___ OPFIES
| Setlements || Real Time | | - S DER | Power | Energy
| I Dispatch .‘-J Stale incl M&V Es?:::im State Coord Flwslsmes
b ]
2 7Y L~
: I — —— ~ —|— — — — DERCooination | | &
| = [ Non-utiity networks [ o (a] :
[ (eg. Intzmet) T 4 “:’ )/ £|  DiectDER Convol | =
m -~ 0
DER Coord 1 Parly Telemaly e — e —-— g
A r - — 'E "-E‘-u...
~" ~ > £ 9 -1
— Market In' oY _‘:\ Al 2 Utility networks g_ - 5
|_| L N A _"'&.___,\__‘_—-_'__..—-"
i Yy vy ¥ |
Consumers Prosumers = =

Grid protection and
control devices

Utility storage

¢ ¢ MAV Data

Grid infrestructure; wires and poles,
transformers, substatiens, ete. Distribution Network

(£)B, Cl, C2ORHENL, ZTNENLTFOr—RAEZMHELTN5,

(B) DSO ME/NROTTH &4 5 & — =%

(CL) DT 7V =473 TSO (IS0) ERVIY 54 —=

(C2) 77V F—5%KNHT 7V =430 T, TSO (IS0) LDV B —AlLSnizlr—2
(1)-12 DHERAKEZBA LIFROEEEDELEDH Y H 1=

HAT)  SCHRE!

c. h) ZHIL=FMIZET5H#&EE (2016~2017 FED1EET)
7) T-D Operation D& E(IZET 5 WG DILH i

V7 x V=T MTIE, FAEART XX —OREE AL EERM & BLERT DM
DINFETOEEEMAERICONTHES L, fRORKEREZ DX S ICEENLL T
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< MZOUV T, More than smart (BLFEIT Grid Works & &fr) #HbELTHY 74 0=T M
®D 1SO THh5H CAISO, FIM=K=—7 1 U7 1 Tdhd PG&E, SCE, SDG&E & T [T-D
Interface Operation Working Group | % 2016 4% 1 HIZ 6 LT 7=,

DER O &2 &V, ISORTO i EHEE I ZIRE L TV D, BERMICHR S LT
V"% DER (ZiXFERM L BLERMDA X 7 == A THHELE ﬁﬁ%%&mbfmmmn
WCENBPEGESND Z L L7225, ISORTO 78 25D DERIZT 4 ANy F 24T H 128
;@Eﬁﬁv7»54A%M&wok:&ﬁ%guﬁém,M%%%@E%%ﬁﬁi~?
4 UT 1EE I VST ISORTO 2L DT 4 ARy FNEERRICHEE 5252 %%
HVENRHTL B, 2HIVoEHEEROT, 2OV =X 77 A—70"h EiFbh, %
BT 7 A=W OT =2 DORVEY, &7 74 —DEEE N2 LIZOWTiEmwmN e S
nTEl,

ZORfER L LT 2017 % 6 HlZ“Coordination of transmission and distribution operations in a
high distributed energy resource electric grid” &\ 9 LR — R &FITLCW 5, KHiTlZZFDHF
TOHmC LR — P TORSIZOVWTIRD DD L ET5,

1) DER REZBAIZBIT 5EH ELORE

DER (% ISO/RTO ANEE T 2B i ~ZIMUEH T 5 & & H1Z, DO ~DRLE R —
EAGRMT D5 ENARETH 508, KREGEAPETBRITITROE EOIENEE S
TEY, ZIHIVoEDRREE LT 22T TV 5

® JLERBMOINKS LM PR Y—

vV HRDEERMEILEARD LIEFITEL, DER OBERETINZFETHZ L L
5NN, RO LA FTHE,

v B DER ORGSR Z R 2 MBSV, BELERKOFE & EANE
ML, T-DA X7 2—ATOH-IEHOMELIEL,

® (EEME & Rt
vV EEREOAMMOELEOREIZLY, RFTIRMEORESRHOBROMLENDH 5
A121X DER ZHilfHl§ 2 B3 8 523, BIfE DO L~/L Tl ISO/RTO A3 158 %
MOF B A AT 25 L ~UL® DER O aJf7IECHIEME 2 FF > T,
® Gross load & net load ~® DER %5150 50> -1

v BIf£ DER |Z ISORTO HiHICITE A ESMM L TE LT, self-dispatch 247> T\
D12, BIKOAMNRY = 2EZDHZ L0, A PilE RE ST TH
%o

v EMere AR I 20 10X, ISO/RTO <° DO (% DER OF|H A REMESC R DL E
PEIZHG LTV 02 d 2 2 N TE T, ERNER LR D 5,

® DER Ot RIFERk, F6 K OHIEED Kan

v BIfE, ISO/RTO & DO i DER OALESIRAE, HISENRMICEH 2 5 HBIZ OV
T, IEMEIZ TG D DI 455 72 AT MR IR 2 FF > TV 720,

v [AERIZ, DER A L—& & RMORILLHT S OIREEIZ OV THIE TE T
72, DER PR TELE N7 V37 ) —h—E R ZRMT 28 NI+ 5
YR 7 RELTTWA,
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® DER NWECERFE O T & EIEEHICH 2 D
v NEBLDER IZHA THR SN D Z LR EEoORMEA R LY 5720, B
RO BREZ H 72 > TIiX DER OL#E & R a BB T 24BN H 5,
v 10 %< ®DER OERICEN, HR T a v RARORFEHEO T 0 A, RHR
T X 0 ERATDRTE R B Db,

) MEDOEBERG L BEREDHH
H]WIED 1SO, DO, DERP (DERProvider) & \Wol-F%— R A7 7 X2 —FOaI a=/—
vayEMAAORRERK (1)-13 1277, TRElE DR ZBENCE S EFREZRL TN 5,

\ Y
!
SCHEDULING
............ * T T P L P PP P PP S Y
COORDINATOR ¥ N Dl
L I H
P ;
.......................... O
10
i : H : A. .........
\ v E viow v
WDAT i NON-UTILITY DR/ LSE UTILITY UTILITY
DR DERPROVIDER (Ui, ESP R > 0o
A AA I\ A
v .
BEHIND-THE- BEHIND-THE-
METER DER METER DER

M&FERLH) WDAT DER : ;)Vholesale Distribution Access Tariff?, LSE : Load Serving Entity
(1-13 DRODZFEDHEDE TV F—RBODIZI a2 =7—2 a3 v EBRADKIR
HIET)  SCHERUY

ZORTHE, BEDL—T 4 VT A NOHEER 4 SDORREZ R LTEY, Thbixtht
NOBFNE BRI L > TRBISN TV D, ENENUTOLEBY THDH, ZOT—F 77
=TT, 1202=T 4 VT A OFTHERMAM TOaa=r—a r ffn s 5 2
& E BB LIS 217> T D,

Utility Transmission Owner (TO)
Utility Distribution Operator (DO)
Utility demand response program manager (utility DR)

Ealb ol e

Load-serving entity (LSE)

2 WDAT |4 FERC THIE SN TWDRMT 7B ABMEFR D Z & ¢, WDATDER (ZZNREHAIND, D
F 9 ISO HFICEES N 5 KB DER 5 LT\ 5,
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F 72, DER OFENHH~OSINI) b5 35D 7T 7 % —(% ISO/RTO, DO, DERP (DER
Provider)® 3 DT 5, T Z THELRODIE, BIFEIXISO & DO ORIZEBEDORHZN RN &
ThbdH, T monﬁa_ﬁmuxfw&uwhw—xélﬁmwob¥?4x/$w%¢é%%3i
TO Z/ L CWNDZ E&ERLTWD, FFRAIZIE ISORTO & TO MOFHFEIIMIRINTIE D b
OMLTo%ﬁ?;&@<BWMOkDO@ﬁE@Si::&~V5Vﬁﬁgf%éﬁ5
HLLTND,

H 9 1 DOEELRLIE, DO & DERP a3 o= —Ta yRHEFREND ZETHD,
LV EZSDODER By =7 % 5D D RICEBWTIE, ISO IS L TV % DERP [T45
RIEBMBARRE L TWDHEEMERH D & LTS,

T) DER % RIZfE D kT U A

DER (CBAT 27 7 Z — I3 FRRANICHR % 258 A 155 2 & CRHHECEH DSz B0
TR EEMER > TOSRERH 5, AREFETIE, S0 LRI Z A L7 L—AIC
BWT, 350 DER VT U AZEEEL, ZOEAITE ) Wil NMLEIT R D 00BN
THREILTWS, AL L7 L—LL T UFTITRDOEEY THD,

<EALTL—L>

® I (Near-term) :2017-2018 4EdH7- 0 #4HE L TH Y, LEADED DER 23
X L, DERP ET/WIZ L > TV ONDOHF 7/ DER 37 7'V 7 — a3 > &, 1SO
BB L T DR

o FREMN Mid-term) :3~5 %5 D\ TZ DI ONF K THIY £ D DER 238 K& LEE~
72 DER & DERA 2MEET IR

< FUA>
. ENA Y RERX—=XDDER & ISO TGO HRIIHINML, = F2—F ThHFTFHEFEIC
HY—ERAERMAE LTV D2, DO T —E A& L Ty
2. DER (% DO (% L TEFEMEDO S WRFEH OO DY —E A2 L 720, i
EolalkE (Distribution Deferral) CFEEF DT ~ > FEMEOHE & W o722 <E % A HE
ELTW%, Z®DERIZISO THFHZIISBML T RWSEEEEEL TWH 2o, T-
DAVHT72—RZBNTTe—nrx ) 72815 % DER O Tl S5 ZFEZ S
< netload ® THIOHEE L BB EIND,
3. VFUAL2DOMAENEZ > TWDIRWT, ZHETIZRWVIEH FofEE LT DO
EISO B DA T % =— A % [F U DER 2k L CR URFMICHET D Lo
Ll ERBILND,
7)) DER ZB 0B KT 7 Z —D&FE & BHDORAEILD T2 DHLEEIR
FROEKEXA LT L—LA, F U FITET D ISO, DO, DERP O&ER B HIZ DUV THHT
THOI TN D
i )ISO
ISO 1L, IEERMICHERE SN TND U Y — A[ARRICELE R SN TWDH U Y —R|Z
ﬂbf%ﬁ%®?4xﬂy%ﬁ%KﬁLTUV—Xﬁm%LT<ﬂ6*k’%E%%Oz
N5, HERMISETE L DER O KX 7258 WL, ISO 3T 4 ANy TS EET 5B
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BRI OIRREICR T B8 A — -2\ e WnWH Z L Th D, £7-, DER O KRLBN
LU ko T, ISO DF o A8y FHEHICEBITNET D Z LIk » TRERHK~ERY
Ba bz bR H 5, 1ISO OBLATE AL, O EE/R I LIIDERP ¥V 7 & —ET 5
ISO OF 4 ARy FIRFICKTDHIEN T-D 4 X 7 =2—ATHHEEHEEINCBNT
AEEIND, LWIHIMEEFF DI ENTEDLZETHD, ZhiE, DO L omFNRIL S
HZ EIWZEoTHAR—NEND,

F 72, 1ISO DEHLE LTISO IS ML TUXWRNE DD, T-D A ¥ 7 = — A TEBWN
T netload 2|58 % M IE L 9 5 DER DIFETH D, B > FY A —H D DER DIFEIT
ISO (ZIFMEN S 72 728D, DER OFFRIZBWT T-D A ¥ 7 = —AIZBIiF 5 BN
DER DOZ®E)Z EMEICHET 5 Z LITRFEH LT O ETIFICEE LD, TIHV o7k
e DO TR ENERR T DT X A LU — CIERERERZFIHATEE & T 5 72912 180,
DO, DERP O#&EIE EEAHIMEICT 2 Z ENEETHL L LTWND,

i )DO

DO 1%, BlEERMOGENE & ZEMEEZHERFT 572012, R# LD DER OBIER LTI
SNTFEEZHET HLEN DS, DO BKE LT HERIL, SO BMELTHERLD X
DD WKRF LAV TOTFHNC LD Z L 72D, MATEETE 5EHEZHEEFT 57201

<Ol il 28 UC DER OZEEN 2T T a0 ET5, DFD, RFEHDZDIC
DER ZBESHHIEICE 20BN H5H & LT 5D, ¥, DER 2 DO IZxf L CALE RHIEH D
OO —ERAZERMT 5 L5 G EI1C1%, @YUICERE Sz DER X DERA (DER
Aggregation))> W —E A ZFET DH Z LITL - T, RHEOEEHESLZ 2 EMFFTH2 L
NHTREL 725, L LR D, DO 3% — B R Z 29" 1SO Hidsic B M L TW AR I
BWTIL SO SDF ARy FHEHGICL > THERHA~EREL 52 5 BTN H 5

XN E LIS 2 72 DI B U7t & OB ERE S L EE & 72 5,

iii )DERP

DERP (X X THiZIZHIM L, WIEH R IOV 2 7 2 5ECE T 5 Z LN T
LMENRD D, 27, WBERBEHEZWTT LTI 65BN T 5 2 L8 AET
HHRET, THESOBRERELT 52 8T, HWAOMEoY 27 EHREIT,

7)) EERRER LEERFTERDT —F RV A b

ARRETTlE, FHERVOEH & BERFEH OB OWT, W5 B OFEEZ T Rk
(NTE:Near-Term Enhancement) & H1 = #1#) 723k (M/LTE : Middle/Long-Term Enhancement)
ELTER (D)9 I L TWAD, NTE [TEVR & L TRRETL Tz 2017~2018 4FE A 4E
FEL, MLLTE ZTNEOREZBE L TS,

BUE, SEEBPRFLTOAERICONTIIVY—7 TRLTEY, ZNENEDH A
VI TWMA D LI B E NTE b LI MLTE TRLTWS, FEEICEOND XD
1272 5 _REO~IZ SV T FIZHAT 5,
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& (19 BERIMREFITLIRAEDBREFoNDINERH

1BIRDIELR Utility TO Utility DO
DER/DERA 0
1 NTE
ISO FHB~ DAL v @ v
2 | % DER/DERA DHR{ERE v v
3 TDEEMRI LD Y
DER DB ERE
4 | EERMORMIBR & IKEE N4 N4 v
5| BBERMDRMIER & K5 v NTED
6 | DER [Z& 2 EE0NHTAF A M/LTE® M/LTE@® M/LTE®D
DER [Z &k BFED
7 M/LTE M/LTE M/LTE
JT7ILE A LT A © ® ®
BIBRTDa—)L
8 v M/LTE NTE v
(ISO HiIZGDHER) @ ®
DFILEAA LT 4 RISYF
9 v M/LTE NTE v
(ISO HiIZGDHER) @ ®
10 EERFEODRT 21— )LD |ISO HIZEDHE
EIRATREM IZ& YRIE
RERMODRTZ1—ILD
1 NTE NTE NTE
EIRATREM ® @ ®
DER/DERA DIXA D (EmLTns
12 . v
A—BF—4 DER/DERA)
_ 10MW BAE
o EEmommmzm V00 SEY y
I L L EHE N
(U 7IL% A LEHAD R i)
EEERFOERIEE |. .
14| = " LERBOBER EERHADER RERHAOE
(7 L% A LEED EERMDIER | EERMOBER|BEERFKDIER

HIFT) SCERU & 0 2535 O 1FRR

@ : DER/DERP {Zxfd 2 Bl 88 A it ak & KB B3 2 [

DER/DERP % ISO ii¥5 CE DR EZIGTHT A2 DORENIE, BI{EORIERHOIRIEIZ
KFT %, DO OELERMITIEDOREIES TEFE O] KEE EAERKREE) 2380, DER 2
BRT D72 ORFHIAW B D BHIRIEZ KR L T\ 5, EEORERFOEHOH T
XTI AEAERIE ST R S TR E L GERH SN TRY, EERKE R D0
T %, ZiE DER/DERP 28 ISO it~ AFLAIIC DO DR RMIEHREFIHT 5 Z &
TELHZLEZRBLTCND, NTE TOT 7 a—F L LTUIDERDT ¥ 7 Y —H—E 2D
FEHERE /) DNEL B R DRER L RAHIRAEIC L » T, ISO B DF 4 ANy F R FATRATREL
DINEPTEDSNT (BLERMOHKNGERL T 555703 75) , DER/DERP [Z %t L ~/LD
FBaziRttds2 L THD, ILITFRMZ MLTE ©O7 7' a—F 1%, FHIRFHEROZLE
FICEDEEAMEY AT LMD U T VXA LR HER O Z e U T84
ZFDT TV —=EA~DBINEZ LN TWD, 77e—FIZlb 53, DO IIEE 2R
EERANME L 725, 22 TEETREE, DO 2 ISO I H FREEOEH AT &)
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RTHDH, ZOT—X 7 7 N—TOHTIE, LEIZGUTISO ~LiBHMTXETHY, 7
—ZOFEFEE LTIE, VY —RADOV—ERRMEE) TldZe <, BB R OHKEER A @I X
NHRE, ELTWD,

@ : DO (Z%4 % DER/DERA @ ISO Hith~D AFLIZBI4 D E

O L [FEEEDOB L E LTI, 1SO i~ DER 2 AFLT D HIIZ DO 23553 % 72 D AFL &
BT DA b5, FHIZ L Y DER/DERP (ZEUED St & FHEl & 7= Stk A3 7-
SNTWDLDNE S BT 5, DER OAFLAIEEMEIZ DWW T ORI &2 572 O Tk
<, DER DO%fii% f CRENHE DM TON T BRIZBIEDBLERMAKINGER T 50 E 20
W ) 1E#i % DER/DERP (IR T 2 L) ZEREE LnE LTWD, fHilzxiE, REHIKIC
Ko THAMBBNITOND AREENDH D E DN B HAITIFIALEZ LT L a & b7
DER OEH %179 Z LM TE 5, 12721, DO XAV 725 K 95 FEERN 2 )71 Tl 21T
IMENDH D,

@-® :
DO ~® IS0 ik 54, DO/DERP ~DOEEZRKD AT o — )L DEB A[FEMEDO
H

AR THSEDOA T a— & U T NEA LT 4 ANy FOIfHZ 1SO BNEET 5 &, DO 1T
BIEDOEERLORI (@) ZBE L TEITAIRER T 4 ANy FTH LN E D a5
ZENTED, ZO1D, DOWLT A ARy TFEBLORT Va—/ (@) ZEHT 5HMEN
b5, VR TIE, DERA OGS %E R T 572012, BlE R OBRHNTEEEEF
e LICIBE OFEMRETH 2 MERH 5, ROITEO DER BAEAINTWHE
BT FERICE D7 0 2 THRIGATRETZAY, DER 23 ) 9% & DO (344 DER/DERP
EDOMTEEEDOENT 4 ARy FHEDOXITHET L2000 ) Z LIZxET H0E
DT B, 2072, BEMEL LR T IUIRIS TERLI 2D EBEESNLTWS, 72, WT
NOBEIZEB N TH LT 2 AMCRTAERIIE SN TIVZ A 2O RFHRFIN L3
HI2DREN ZliE 2 TBL LERD D,
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® : ISO ~DEFERFED A Y = — /)L O FEB A RENME D )

FE & [ERELD, DO MELERIED A 7Y a2 — LD FEB A REMEIC BT A 5% 1SO (T2t
REMNEWVWIZEHEZ BN S, DER/DERP 73 Z DE#HA ISO [T 5 K 9 DO 2N EqE
T5Z LN LEIHEATH Y, DER/DERP (2 ISO ~E#RAEMT D L 9 72 o lE & 1E
HRELLTWD, F£72, DO IFEEIZHR# ED DER &3 EEmEME A TBY U T LZ A
LDEH DT> DO IHNC LS D72 DBENE ENTWD, LLARR D, BlREAT
I%, DO iz hn+ 2% ® DER U V¥V —A %K L7~ DERP & OICIZZD L 5 BEE
IFFEIELTE ST, DERP EDORICH Z ) W - A BARITAVNERH L L LTS,

@D+ ® : DO ~? DER IZ £ 520 THIOEH

DO AHIHWHEIB LY TV Z A L TOTFMZ BT 2 DIKERT 7 2 —Th o L 18
ELTWD, [FIRFIZ, F#t LD DER REFEEZEETH Y, ZDZL ILEEM & Vo 7 Al i
DY I—=ATHY, ¥kx 727 7 2 —ITEEOY — X E#T 52N TE 5D, 2L, &
WO TRITIEE BT T D720 0 OB %405 BN H 5 LEE STV D,

© - @ : ISO, TO ~® DER I & % #E0 T D)

T, 18O & TO N FHOTEREZITIMDMNERHDH Z L 2R L TWWD, ISO OELE)
HbhbHE, HETDAVHE T 2—RIZRBWTISO DAV 2—)LRT 4 A/ F DB LL
Lo BFH)72 DER OFENO A IR L7z TR Z L CTOREERH D, ZOFE VD D
AT EZ DO ~DH— B A -5 < DER OZFE S & E41 5, 1SO ITHATFTD 7
726, BIAWIHE U T E A LAOREBEBETHBLETHDH, TOIZOWTYH, EERMKO
EHEMDOH HEREZ Y R— M 572010, [ URE TORBRALELBFEEND,

L2 L, DO IRHENDOZNZEND DER DT 7T 4 ©F 4 ZEHTHLEND HT20,
S DIZFE7RRIE COERNBME L 72D, DT, DO LI OLER RO L Z D
WMOPEME L VD) M CREREEZ R EICRDELTND,

@ : TO ~® ISO Hi Dk B D1

ZHUTRTATSGDO A P a— N U T NE A LDT 4 ANy F % TO IZHRET 5 H DT,
HFEHIc 1T 5 DER OEG| &Nt 5o N T, EH EOFHENS L EEAR LD L
w95,

d. TSO-DSO E#ZXZ AV ATL -V I b7

TSO, DSO IZRAHEH AT 5 P ThrA 222 AT L& VTV %, DER (3B RHTIEH R
INDZEMEL, BAPYLRIZE DHENREV, KEITIE, HSBER, BEEZRFEHE W
SR T =B AL, BERGEH - BB A21T95 72D D ADMS (Advanced Distribution
Management System) <> DERMS & W0 72T AT A« V7 Ry TIZHOWTEEDD, £
ZNHDY AT ANE, BN - KEOWT G FELREE A — LV THD Siemens X° Schnider
Electric, ABB &\\\o7z7 m— 3L7g A —H MRREEL TV D Z L BE,
7) DMS (Distribution Management System) + ADMS

DMS (¥, BLERMOER, HEHITHO LN LHHR T AT LA TDSO IZHEASH TV D,
FAERRIE, U T A AOBESRE O GHIE, EHFERE, FEEROHE A ETeiEH e
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ENEEND, EANIZITDSO FTAE L TV DRkl A x5 & LIBERHIE 27 4T, i
Wras7e E OB, BEEHDOLODOX v XU EZ NI R ERFSF OGNS, FlxIE,

ADMS (X DMS OREHEICHE E 53, BIOV AT A& LTHOWLR TWEBEEE Y AT A
OMS (Outage Management System) °HUFR{F#H > 2 7 4 GIS (Geographical Information System)
SCADA BERESE MG LIc U AT LT, Sl 7 7Y r—a v e G Al b Dz —07
Ty h7 A= ATRELTVD O TH D, KETR/LF—4 DOE (2T 2015 FFIZETS
U7 ADMS D 77 A R” Insights into Advanced Distribution Management Systems” Cld FFLD KL
T EN TV D,

ADMS 13, —HEDHIERHEDEEZHEEZ Y N— N5 7 N7 7 Fy F 74—
ATH D, ADMS 121, 1FEEIAZ HBMEL, BlERGD/NT 4 —~ > R &Rk T 5
FENZEN TS, BRFHEDEDICHHAE X4 TV D ADMS DEEREE L Tid, FaHEE -
fii/MEds - OEIH, volt/volt ampere reactive optimization, WEIEEPE, E—2 7~ FOE
B o)y N, BRHBEDOYVRN— N REPD L,

ZD LI DSO BHWHEEA R EHEH L AT LEMA L bDEEZ DL Z LK,
72721, BED DMS 1 ADMS EFEENTWRWEIT T, xRV AT AERELTWND
HLOLIFEELZ ORI TH D, Hlx1E, ABB td DMS v X7 K Téh D Network
Manager’ Ci%, DMS OREEL LT, {EEEH I AT AL B L T\ 5,

FERA—TINT B — SR L THD 2 b d 0, e 7 & L TIERIN -
KETORE2ZTIR LN, 7272 L ADMS 2NE23 > T & 72355121, DER O &I X
LRFOEHDORE L E WoTeFm R H D, FlAIE, BINTIZS HIZDER Zftd LT =
T E 720 5 5% EOBEIZKHL L TW L 728D ADMS OB 7a v =2 hME LT,
H2020 LV E&fft a2, 7—~r THRRFZOHEHEO b LFEHBE I Thl T D, 20
ZnYx/ T, BREREBAICEREL T ETDSO O R— kLK Z5EY 5o
RO RZEMNZ R ESELVFBoRE2METLHIL2HME LTS, 22 Tld e PMU
(Phaser Measurement Unit) 72 &% HU 72 LV RMOERSC=2—TF L Fry hT—F7 RX—2X
® ADA (Advanced Distribution Automation) B AT LAOREEE V&2 {T-> T\ 5,

ZO LI ICBIETH R REERAHEINTVD LN oI RILTH 5,

1) DRMS (Demand Response Management System)

DRMS (Z7~> RV ARV AZEHTL-0DOY 7 v 2T 7Ty 874 —ALT, 2—
TAVT 4, TZVS—=27ERNERTLZ ERBESINTND, AN DRMS &l
VAT REDT —FT 7 F X OB EK (1)-14 1277,

3 https://library.e.abb.com/public/d812{f32¢fa92201852575a00562955/BR_SCADA_DMS.pdf
4 http://smartgrid-adms.com/
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“Cloud”

“ scer Gharsing m ﬂ

Electricity Consumer

Commercial
Gateway

Residential
Gateway I

Industrial
Gateway

Utility Field

Substation

Utility IT

® (1)-14 DRMS &t R T Ls & DEAH BRI
) SR

DRMS (3 x a7 — X 2L L, MikES 7T A0 Xy M 7P EEETH 2 Eava]
HET, Z< D77V r—2a U CDREEHT L Z E0NHkD, AMOT 7Y F—rva vk
BEFTHAIRC T 4 — X HALCTERT D Z ERHKD 720, BIxIX, FFED T 4 —Z D3 A
WREL 725 TWVDH EXIZDRARY NEABIICETT AL HICHRETHI LT, DRIZEK
L EMmEREATT 9 Z L3 KD, MDMS & OEHESCA —X T —X LOfFEAEEZ LTINS
W, 77— ar Lifix 0% A FOEBKLIZEISG U ORRR EBITO 2 L
DARETH D,

DR OREEREFENTKE T, TFEOMORLEZOZEFEHIC L 5 B — 7 AR ~DOxtii
DEFIO B TH T2, BN T LA R 5, EETOZEFE AN DL, F12F

AREZR KR E R E, B — 7 AM~DORISIZATRETH D Z &b, KETHEES LTV
DR OB TIE72 <, B RrOEANHETr = LIZ L DFEA~OX K E L TOFEKREVIFEN
S BRI, BT RICE D PRI T2 EICKT 5 U —T7 DRt E2 7o T
B, FIZIENVF—DALZ— T v 7 Toh b REstore tEDBHF L7 77 v N7+ — 2%
WT TSO Th D Elia B3R P 1 & fHET D & Vo 7o fUTKE LN R D L W2 5,
7) DERMS (Distributed Energy Resources Management System)

DERMS (%, PV RRJEAS) & W o 7o HEIRO 272 577, FEMS EV FSfhas, AIHlAEE 72
Ehfk e AR ORI - BEAITO Y 7 by 2T Ty b 74— L ThDH, K (1)-15 12
AT DR OB Z R,

3 https://www.greentechmedia.com/articles/read/europes-new-models-for-demand-response#gs.yc T8yHE
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Asset/Group Level Network Node Level

* Visualize * Monitor * Power Flow Control
* Organize * Control * Voltage Control

« Configure * Schedule * Constraints Mgmt.
+ Coordinate * Dispatch * Optimization

DERMS  |mmmma DMS/SCADA

[y
[y

Meter Data
b B
Mgmt. System
[y

Distributed Energy Distributed Grid

Resources Resources

Flexible EV
Loads Charging

(1)-15 DERMS &fhs R F LMD AT LHERE & 7 DHkE

HIPT)  SCERE

DMS % DSO O#%fi DOEH « Hilffl 217 5 Z L12xF LT, DERMS IEFEE O /5 IR
OEBR - HIHETT S5, Z IV o7 DERMS R — & L CEENR Lz EE A — T Ofth, kK
[El® Enbala X°> Spiraec & W2 T2 BEDB AL A LILD, T DOEFEITKENICEE ST,
FRINIZ IV T BRI 2258 &2 BB L TR 0, KA YV E G - BEIREERI GTAI (Germany
Trade & Invest) 73 Fff L 7= smart grid forum T % Spirae 7% DERMS [ZOWTOHO T LE T —
Ta T TR 6%, Spirae 10 DERMS Ti, ZHERO A7 54, DR
LW 572 DSM (Demand Side Management) DOFERE S Hii LTV, MiHEZ N7 5 DER O
T2ODT Ty b7 =LKL TV 5,

BRINCIE, KIEZ L DERMS Diam AN A 2k F1E R S 720 Ay, 3EE O Smarter Grid
solutions f:Ti%, DERMS 7 b7 =7 Z[i% L Tk Y, DER OfEe - FiliHflz1T 5 ANM
Strata, ANM Element 23 R52 LTV 5, HE D DNO TiL, ANM (Active Network
Management) &9 U T LH A LDOFZAEE L DER OFl#E A % — ANBHEILR D DO b
D, ZOY 7 U =TIZZDTEDDOY ) a—vartioTinNb, ZHbt Spirae THI%
STV 5 DERMS & [FERICHBEOT 4 A%y FITMZ T, FEMOY ) a—vart
LCHIEHT 2 LT, HEAMGME DLC (Direct Load Control) DFERE & B L CTu»
Do ZOX I, KE - BRIND DERMS OiEWTIH E Y A 720, WIIL s Bl R -
DIYHCETR (DSO FTA TV BT L2HMTHY, ZODDOE=HX Y THEESD
% HIN (RMERY) %75 ETO DER Ofilffi7zz E 2175 O THY, TDHDOF
ORI EBLEAL LD E o TN,
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ZIZTE, 5AHICTHEEOu— Ry T EELEDDHIIHIZY, TANVTUR, 7T
A, AXVA, T4 F0 R, A—ARNZV7, Hpgad—ay/X, hF¥, TAV IO —
R= >y IOV THlAE L7ZRER A MET 5, FTid HBIZDWTE LD TN D,

c LERDZ A By, AR, TERUE, v— R~ v 7O BEEFK

s n— R~ v THERBEONIE ST

- BLEEBEAR D Bk i

NWTF7AILZUFER
a. X#DE A4 ML, ERER RE BEEXR
Smart Grid Roapmap[1!
CERVIAN ¢ A ERDAZRIE IEA D “Technology Roadmap How2Guide for Smart Grid
in Distribution Networks”[Z £ E5E S TLVS
i d5%=2- 9 SEAI (Sustainable Energy Authority of Ireland : BRFF G RIEET R IILX—/D)
ERE 2011 £
SR8 2050 F

b. RIXBADGLE £ [+

TANT 2RI, EE R, REIRRERE S LT L X —Offikg s R, BRETIC
B L < FHETRERIRIRFE = RN X —~OBITOSERH D LFE#HK L TV 2D,

Z=—h7 Uy N, BIRFOBAARETRLF—ERZRRRITEH LT, b0
R AL DITESL DT, TEITS Ul 3L — g o fci{bds X O R E
BWONMEZR R TE DV AT LAR=ADT 7 a—FNRA[ R Th D,

Zon— vy, FEEzx - (IEA) OEXRICESSbDOTHY, Av—F
7V RENY AT AOFERRETRLF—RBEHEOL, T/ —HffE 0L e 2k
# L, 2050 2 TR CO OPEHAIK AR 2 KT 2720l ED X HICHEBTE
LNERDLBDTH S,

C. XBRHRIZTRENTUWBEE O R T LD FHHAM

AKo— K<y BT, “BEE—I7 DT 7 K, “F< o R A K32 P A b2, <%
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® Peak and load shifting & DSM

@ Reduced line losses,
infastructure improvements,
volt / var management

@ Integration of renewables

@ Electrification of transport

Electrification of heating,
cooling, hot water

Electrification of industrial
heating / cooling loads

B (21 B—FIy 728V THF—LAIRMES (D— KTy ThoDik)

HIFT)  SCER

XKL, 77/ vV —n— Ry T EX 22DERBVEHLTEY, BEI AT A
ZBEE L7 fnia R 2)-1 0 & B0 TH D,

x 21 FALTYRIZHEITBERES R T LICET D EE

e s (m Pl N &R 1))
B Bi2ER 2245, 55: 0 2

PMU (RI4BEHRIZEE) 12k BE4R - #IH 2030 £FE T )

HVDC (SEBERZEE) &RHEOHEEE @
_ X X X 2020 4F LA,

DSM (FY Y KHA KR AU L) OER ©)
2050 £F T

@

TIVERELRARUZBHIE
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Direct
Smart meter rollout complete smart

-4 | grid

-6 —
Grid 25 complete e ‘
-8 ——

600 000 domestic EVs

Emissions reductions, MtCO,

-10 Smart grid
Wind energy meets > 30 TWh of final electricity demand : facilitated
B 2050: Annual CO, savings 13.4 Mt
RPY Total fuel imports offset 4 300 ktoe m
Savings (at USD 111, USD 179, USD 247 barrel of oil) EUR 2.4 bn, EUR 3.8 bn, EU

-16

M Peak and load shifting and DSM I Reduced line losses, infi ture imp! , volt/var manag; M Integration of renewables

I Electrification of transport I Electrification of heating, cooling, hot water I Electrification of industrial heating/cooling loads

National rollout of smart meters

i ev;aregulalicns reviewed to stimulate infrastructure

e ification of residential heat and EV char
g Introduce aprropria!e incentives to encourage uptake of EVs
3 and electrical residential heating
'g ngs introduced
2 Develop standard contract structures between aggregators
S and capacity providers
é Market development facilitating demand side participation including appropriate
15 capacity payments and system services
J:. Technical standardisation, regulation of
g‘ communication protocols
S
L Address privacy, ownership and security of customer usage information

Tackle cyber security issues proactively through standards, regulation and best practice

Continu N g etwork commu

Additional 1 500 HVDC interconnection
Installed wind capacity increases to >11 000 MW infrastructure improvements
4
3
§ Investment: distribution network Phasor Measurement
& visualisation and control systems Network, volt/var control
=
15
- Investment in ge
investigat
M, multi
1 500 MW biomass, 800 MW gas >8 000 MW of flexible services including DSM and storage
CCS capacity installed
Engage with large scale
SG test bed facility international R&D projects

Training and upskilling programmes for smart
= d workforce (engineers, elec ans, scientists)
=
§ Smart meters enable real-time CO, intensity monitoring of electricity
o
,; Smart meters enable dynamic time-of-use tariffs, home/office automation
€
% Small scale demand side agement pilot trials, automated control
° Research projects, ICT, communications, monitoring, controls, international collaboration
[
'§ le, system-wide demonstrations addressing
[ costs, security and sustainabilit

Storage system p

search into hydrogen production/storage

Customer engagement and educati

Address special consumer classes
may not easily benefit from smart grids

Develop and demonstrate customer-based enabling technologies

Develop electricity usage tools and business models that incentivise
consumers to respond to changes in electricity markets and regulation

Standards and subsidies to encourage
uptake of smart appliances

Codify best practice on automated demand respond Encourage widespread deployment of energy efficiency pilots
and energy efficienc and automated demand response programmes

S S S T ST S T SO S S TN S S S T S SN SO SN S S S SN SR SN S AT SO ST SUT SR SR SR SR S S |

Customer engagement
and policy

<0

(22 FALSURIZBEBTFRAI— Iy FOEHOTY/Ao—0O—FIy S

HAT)  SCikTY
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2) 75V
a. X#kDA2 A ML, ERRER, EE, BEER

B4R Roadmap for smart grids and electricity systems integrating renewable
Energy sources?!

(FApe I Ademe (7T VABREBEIRILF—EEHFT)
e S 2013 £
=p= @ 2050 &

b. AXFKDALE {1+

Zou—Rwy 7 THELENTEA~Y— 7Yy REBBNVATLOEY 3 1%, ER
(EDF, AREVA, GDF-Suez) , AIAFZ7EHERES (SUPELEC : &% 871, Ecoles des Mines :
/XY [ENL R IR, INES: 7 7 o AENL K= RV —F 98T , 2660 #E 34 (ERDF,
RTE) , #J5 Biafk (FNCCR) , MmO A #%# ¥ L OV ADEME ([281) 2 HMZE D 7 L —71C
L DWBIC SN TRESNTZHDTH S,

c. XBKPITTREINTWVBEE L R T LDOFHEMM
Zor—FRKvy 7, UTO400EICETHRKEELDIELDOTHD,
FREE 1 RS APEH OBIRE & U CERE S A7z 2020 4 (20% 1) 38 X TO82050
e (T5%HIR) O BRE AR =R VX =2 BL TR Lo CGERT S,

TR 2 12020 FETICRETAAF—HEED I D 23% % BAEFRET X/LF—TH >
&) RN D B AR 2 5F L 2020 FELARE D = R L X — 2R A WET D,
TR 3 BEIRRICB T HMGEEEEARR L (FRNNT o RE L D), EIREOS
Wk Z =S i DFEFA~OI—E A LNV HERT D,

PR 4 BIUHEICEE T A (B 2 X =R F ik O L, BB

BT U ER) OWMEL

FROBEZMRRTDIZDODTRXNF =V AT L0H Y 2K (2)-3 DEFBVEALT

BY, 5%, BEVAT LIR Q20LB0, FREPRIOZEHE L AHEYEI ORI W
ST AENE B EEZ LN TWD,

£ 22 75 VRIZBEITBEED AT LOFHEM

S A—F<v 7D
215 X0 BRER e

TIVRKILFYEYT4, ARL—UE KLY DER D

hREGIEE RBRoN-BXEICLDIERELETH=D @
DIRF D 1) 2020 £ HI# LI

DSM (FY Y KH A4 KR AV L) BEU DER B2 2050 £F T

DEBIEE (/12 —% v MEER, 70O a)LiB#(E @
ICEZEHLEEXEESADRE
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2010 New public construction
<50kWh/m?/year

Challenge 1: European Commission energy | Challen
- ge 1: Factor 4-Cut French GHG
package (20/20/20) emissions by 75% between 1990 and 2050

A4
Challenge 2: 23%RES in French energy ‘

housingin new construction
1

2012 Spread of low-energy
—1 consumption

Kyoto 2008 -2012
Reduce GHG emissions by 8%
in EU countries

2020 Spread of positive-energy homes
in new construction

2020-2025 Factor 2-Reduce GHG by
25-30%

Challenge 3 : Maintaining a high level of power quality and securityin the electricity system

Managing energy demand
Develop of network planning methods integrating static and dynamic DSM
Development of network operation simulation methods including control of demand loads
Development of products and services to better understand demand
Development of energy efficiency services for load management
Development of technology toimprove network energy efficiency
Development of business models that create value from demand flexibility

Decentralised generation
Better forecasting tools for predicting decentralised generation at different territorial and temporal scales
Integration into network planning and management
Development of economic models to better integrate RES in market mechanisms

Energy-efficient operation of the electricity system

Development of coordinated DSM-DER-storage management tools at the different scales of the electricity system
Development of economic models to create value from storage capacity

Degree and type of

decentralisation

Low penetration of

intermittent capacity
<20000W
Degree of
Intelligegce ) ) Development of associated services (DSM/DER]
Widespread penetration Interconnection of European grids
Development of of smart systemsin grids Improved forecasting
communications Evolution of distribution grids (DER]
infrastructure for Optimised integration of RES [managing availability)

automatic network control

Degree of
standardisation

andregulationof | = = = < = = Changingroleoftheregulator ~—
activities

g”;er';'e"tgsu" of energy Economic models todevelop

RESin power generation

i Socio-economic bottlenecks
Lﬁmﬁffl b?ﬂlenfcks Jelectronics) Changes in network/system environment [electric

Information sys!er;\s appiiea togrids vehicles, positive-energy buildings)

Need for economical and efficient storage technologies ‘.kf ep(_abi:it'y toend ugerSLolehg sol;mons proposed

Organisational/regulatory bottlenecks Organisational/regulatory bottlenecks
Absence of economic models for the development of DSM and storage Lack of visibility on actors’ role in the system
Emergence of new actors of significant size

Latitude of action by the market regulator

HIFT)  SCERE
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)1 F¥UR
a. XERDE A ML, 1ERE, ERE, BIRERXR
CEMWIA Open Networks Project-DSO Transition: Roadmap to 203013
(3% Energy Networks Association (ZRILF—FRy FT—I1F%)
ERE 2017 &
SR 88 2030 F

b. AXBRDALE {1+
R B OFEFER (FMFR) NEE & 72> THER S LTV % Energy Networks Association
(LLF, [TENAJ ) iF, 2017 £ 1 AICER LIcA—7 Xy hU—r T rd=7 MW
T, A~— 7V v FEBHEELFHMG LT,
AK7vavx7 ML, ROZEEAREIZTHT-DICHLERHBIEETH D,
v RRFCERET D
v a— VR OIEERE ORI LV AE L 5B HRY M
vV LAY — 7 Uy FEMTERICE 25 OME (=2 MERD) (2HD MHie
AKFaT=r ML, BNRy NI —2 OB EZERT LEBRA =TT 47 ThHY,
ZIMA R — LTEE-ILTANVT U KT ANVT » RIEMEOR Yy NT— 7 F¥EHFZE
W, BFHBEEICITI R VIBRANWAT — 7 R X 25T (Ofgem, BUNHEES, M7 RsRlE S
#(IDNO), %, FEFREAET) .

c. XBKPITTREINTWVBEE L R T LDOFHEMM

Ofgem (H AENHEHMHIT) & BEIS (B3R A « =x/L¥— « pEERIKE) 13, 4—7
YFy NU—7 7 uay =y MIEUWT, Smart Systems 35 2 8 Flexibility Plan 3 fE4 % = &
RFR LT,

* Smart Systems  : Y AT A, DR D728 OEELENE O HT BB ik

- Flexibility Plan  : XACEERE D 0 =0E ] D 72 8 DL FE & Bl i O E#E O (7

FRD 2 SOBEELRGBHICBWT, AKXz s hOT Y Ny MBRBERICED X H 72
WA 5.2 503 T2 ENA L Z DO LR— R E1ER L, 7T > DEHIZHT--> T DSO
Du— vy 7 %K 2)-4DEEVEHELTND,

4%, TSO-DSO DR (777 v b7 4+ —24) OMENLAERHRIZ, VT % A L CHEFE
REEER L, DHMEROHNEEETS>T 7T 4 T %y hU—I <3V Ak (ANM)
DA EENED LI TWS,
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£ (23 AFXYRIZEFTBEEL R T LOFHM

Ity v ., D - F7 Y 700)
SRS 30 BRERXR SRR

TSOBLUDSOIZLBETILFSTILH—ERDIRH O)

2030 ik
FOTATHY RI—0I2T A2 MANM)DIHE EHE @
Figure 4:

DSO Roadmap to 2030 (Tier 1)

ED1 Short ED1 Medium ED2 Long
{1-2 years) (3-5 years) 6+ years)

RIIO-T2 Strategy Decision RIO-T2 Slow Track Decisicn AIO-ED2
and Fast Track Decision Strategy, Fast Track & Slow Track Decision

TSO-DSO Interface Commerzial platform developed Some licence areas operating
- Prototypes and scaled for TSO-DSO interface as regional DSO
=
E D30 Commercial
Smart Meter Benefits / DSO Tariffs & Products.
Ea products Flexible Market arrangements for constraint management
53 N e
EE Scaling up TOI functionality oommarciel
58
E nr.uy Targeted regulatary
3 m policy changes frameworks & policy changes

Billing & Settiement Trialling Cost recovery for investment shead of need

Targeted ANM Targeted ANM roll-out Integration of ANM in DSO Commercial Services  Active System
E Management
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T
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2017 2008 2019

2020 2021 2022

2023

FOUNDATION IMPLEMENTATION

2026 2027 2027+

2024 2025

Improve trust with Customers

» Enhanced customer engagement and collaboration

» Customised choices, better information on services
and new connection and advisory services

Metworks provide a service platform

» Demonstrate investment reflects customer value while

impraving service performance and response times
» Review of customer protections and concessions

Open network platforms embrace diverse customer
needs and aspirations

Collaborate with customers and market actors to
create new value with streamlined connections
Leverage network information and digital services for
personalised innovation in a dynamic market

Over 40% customers
use onsite resources: 29
GW solar and 34 GWh
of batteries.
Concessions to support
those who need it most.

New systems to support diverse generation
» Update Transmission Interconnection test

» Review frameworks for protection systems, afficient

capacity and balancing services
» Mew market frameworks for ancillary services

= Develop new power system forecasting and planning

approaches to anticipate system constraints
» Enhanced intelligence and decision making toals
» Close focus on physical & cyber security

lead %

at all levels

Transmission networks support system stability with
new sarvices.

Distribution networks provide visibility of DER and
potentially Frequency Control Ancillary Services
(FCAS) and delegated balancing services.

Real-time communication and controls

Avoid over $1.4 BN in
network investment.
Average network bills
10% lower than 2016.

A stable carbon policy for higher targets

» Implement emissions Baseline & Credit Scheme

» Sat light vehicle emissions standard policy to
provide incentives for electric vehicle uptake,
supporting climate goals

» Review Australia's emissions reduction target

» Agile network connections and integration of
large and small scale renewable technologies

Reviewing scope for greater efficiency
s Develop nationally integrated carbon policy framework -

Review technology specific incentive schemes to focus

on least cost abatement

Review scope for more efficlent economy wide carbon

pricing where consensus
Review Australia’s emissions reduction target (2027)

Metworks pay over

$11 BM pa for DER
services.

Over $1.4 BN in cross
subsidies avoided,
saving $350 pa for med
size family without DER.

Incentivising efficiency and Innovation

» Ensure extensive smart meter penetration

» Assign customers to new range of fairer
cost reflective network tariffs, with a choice
to opt out

» Enable standalone systems and micro-grids as a
substitute for traditional delivery models

» Mew innovation incentives in regulation and
competition frameworks

Unlocking value of distributed energy resource
orchestration

Networks pay for distributed energy resource
orchestration to provide system support in the ‘right
place at right time'

MNew network tariffs that provide beneficial incentives
for standalone systems and micro-grids to stay
connected to the grid

MNew and more adaptive regulatory approaches that
are customer focused

Planned and efficient
market response avoids
security & stability risks.
Robust physical & cyber
security management.

Essential information for an integrated grid
» Establish open standards and protocols to enable

secure system operation, management and exchange

of infarmation and interoperability with distributed
energy resources

» Metworks enhance current system monitoring and
maodels to inform advanced system planning

» Bulld distributed energy resource maps and feeder
hosting analysis to support locational valuation of
distributed energy based services

Networks optimised with distributed energy resources

Active network management for technical stability,
enabling distributed energy resource markets and
efficient optimisation

MNetworks provide a suite of grid intelligence and
control architectures to animate distributed anergy

resource markets, as well as providing system security

Establish a new network optimisation market to
procure DER services for network support

A flexible and agile workforce to support the new
optimised energy system

Electricity sactor carbon
abatement to reach
40% by 2030 - greater
than current national
target of 26-28%.

27 #A—RKZYTIZHEIFEDSODA—KIv T
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CUSTOMER CHOICE AND CONTROL

LOWER BILLS FOR VALUED SERVICES

2050

s Almaost 2/3 customers
use onsite resources,
including 1/3 customers
on a new stand alone
systemn tariff.

= Total system spend is
S101BN lower to 2050.

» Save households $414
pa by 2050.

» Network charges 30%
lower than 2016.

FAIRMESS & INCENTIVES

» Networks pay over
$2.5 BN pa for DER
services.

» Over $18 BN in cross
subsidies avoided,
saving $600 pa for
med size family without
DER.

SAFETY, SECURITY, RELIABILITY

= Real time balancing,
reliability and quality
of supply at small
and large scale, with
millions of market
participants.

CLEAN ENERGY TRANSITION

» Electricity sector
achieves zero net
emissions by 2050.
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Supervisory Control and Data Acquisition

Supervisory control and data acquisition services (SCADA) have emerged as technological opportunities

for change to improve the efficiency and distribution of electricity within South East Eurape. Controllability
of loads, data sharing, and advanced metering infrastructure (AMI) can help the transition toward a more
efficient electric power system. More importantly, it will also cater to the integration of higher shares of inter-
mittent renewable energy generation, primarily sourced from solar PV, wind, and existing hydropower plants.

Advanced Metering Infrastructure

Advanced Metering Infrastructure (AMI) deployed in Italy and Germany showcase the ability of new technalo-
gies to facilitate and integrate demand-response programs with monitoring of residential, commercial, and
industrial energy consumption. Montenegro is already piloting a program to deploy smart meters. Albania

also plans to follow suit with increased distribution-system level monitoring and smart meter deployment
programs. This new technology allows for distribution-level systems planning and operations management
previously unattainable. This reduces costs of distributed energy systems and improves ability for utility com-
panies to collect on debts from commercial losses (i.e. Kosovo suffers from about 16% commercial losses due
o theft on the system?). Better monitoring and management can improve efficiency in existing infrastructure
and facilitate EU Road pathway. Given that new distribution equipment will require AMI regardless, due to tech-
nological changes, the grid improvements have the potential to leapfrog existing systems that de not provide

the same level of services as across the EU.

Transmission interconnectivity

Alack of transmission system interconnectivity hinders regional development and electricity market integration in

to high household heating and electric costs. This deters industry from investment. Furthermore, the expansion
of the transmission interconnection system provides necessary upgrades while facilitating the global expansion
of distributed energy resources as electricity generating options. This includes the potential for concentrating
solar power (CSP) in Bosnia & Herzegovina to support existing steel factories which combines parabolic trough
mirrors and molten salt-based thermal storage to provide dispatchable, baseload electricity. The modeling effort
here highlights that regional cooperation is necessary to achieve a low-carbon transition for EU accession in the

Demand-side as a supply

Enabling future grid infrastructural upgrades, including smart meters could allow for large scale demand
response programs for industrial or commercial uses across the region. Currently, there are no reported
demand-side management based programs and this could not only reduce peak loads from the overall grid,
but could reduce the need for baseload power ta deal with the intermitiency of solar and wind-based genera-
tion, Energy efficiency or load reduction strategies could also reduce peak supply needs. The regional concern
energy supply security would benefit greatly from coordinated system planning. Therefore,

EU road. At the same time, a low-carbon transition could actually bring about regional by
infrastructural upgrades and improvements in neighboring systems. To achieve lower electricity costs overall,
transmission interconnectivity that utilizes smarter inverters, high voltage DC transmission cables, and further
electronics within grid architecture will be necessary and sensible investments to avoid further costs down
the road. The Road to Nowhere pathway does not enable this type of market exchange and system-level load
balancing.

Transformer aging

Aging transformers in the region could pose problems. However, the new investments to replace them may be
offset by the incorporation of new distributed energy resources on the grid. Including more distributed energy
resources within the power supply mix could inject reactive power back into the grid in a positive way that
could reduce the need to purchase future load tap changers, voltage regulators, and extra capacitors on the

grid for voltage support and frequency regulation.

Smart buildings

Smart buildings have significant potential to aid the integration of renewable electricity into the South
East European supply mix, while simultanecusly providing enhanced monitoring on the demand side. The
capacity for new buildings to include smart sensors and monitors provide better information for

the Road to Nowhere case. First, expanding the market area for regional trade provides oppe
ties to leverage excess hydropower supply and use it for grid stability and backup during blackouts. Using excess
supply in different areas allows for load balancing and lower electricity prices through market competition.

Most countries in South East Europe, notably Kosovo, Serbia, Bosnia & Herzegovina, and Macedonia experience

disproportionately high retail electricity rates for consumers, further pushing low-income groups into poverty due

grid operators to forecast load. Also, smart buildings can self-generate electricity using distributed electricity
resource generation including rooftop phetovaltaics and/or backup en-site storage. Secondly, they can
manage loads and electrify the heating sector with the use of heat pumps. Smart buildings already appear
across Europe, and when government and public institutions take the initiative to invest in these technalogies,
it can spur adoption across the private sector and enable new partnerships. The advent of smart building
better ir

infrastructure calls for enhanced demand de energy demands,

for sy
and environmental data including building temperature, insulation, and required heating energy per unit area.
Critical to South East Europe’s deployment of sustainable energy options is the inclusion of smart buildings as

a way to manage loads on the demand-side and transition the grid architecture to more distributed networks

that improve system reliability and performance.

Feed-in tariffs as a policy option

Feedtn tarifs (FIT) share & history of success and failure across Europe, however key to their success remains design
implementation. As a policy toal, feedin tanfs will be critical to enable the EU Road and necessary for the 100%
renewables case to deploy rapid decaronization schemes. Taking the case of laly, it becomes clear that through
feectin tanff type subsides, the transition to lower-carbon electricity generators becomes much quicker and enables
a smoother transition that can encourage technological leaming across economies of scale, s demonstrated in the
Figure 7. The rapid uptake of salar PV installations within Italy between 2010-2011 s ilustrated by the feed-n tanff
design policy. This could serve as an example for rapid rates of adoption and growth in the smilar resource ich aress
of South East Europe. Italy did exhibit a reduction n initial ambition from 23 GW of solar by 2012, due to oversubs-
dization, however this economic inefficiency is mostly explained by the rapid decline in cost of photovoltaics from a
technological point-of-view. Therefore, policy design in South Ezst Eurape can learn from ftaly to create more dynamic

strategic investments in demand-side management going forward would greatly reduce the need for future

supply-side investments. Given the current supply infrastructure, prioritizing and reducing demand first would
ease the integration of variable and intermittent renewables. The increasing variability of supply combined
with eontinued reliance on variable demand means that new technologies to control load or shift demand will

greatly assist grid operators when working on infrastructure planning projects.

Building resilient, reliable smart grids

The transition to a smart grid requires investment in system manitoring equipment, infrastructure, and new

architectures to deal with increasingly complex systems g meters at
buildings offers greater flexibility in management and can significantly reduce the large reported losses across the
region that can be as much as 30% by country, with nat 40% technical

losses”. Furthermore, the lack of an integrated tradh for electricity red iiency of the system in
the case of emergency disasters. The July 2014 explosion of a generator in Kosovo A lignite plant required a surge

in imports to make up for lost electricity that resulted in rolling blackouts across the country. Also, the Kolubara,
Kostolac, and Sikulje mines in Serbia and Bosnia and Herzegovina experienced severe damage during the floods

in the same year*®. The flooded mines decreased coal electricity generation and increased the need to import elec-
tricity across the region. The weak regional transmission interconnection with Albania could be further improved
to take advantage of excess supply and more resilience to avoid cascade effects from paor generation infrastruc-
ture. Secondly, since most losses within the electricity sector across South East Europe occur in the distribution
system rather than the transmission system, then the upgrade to resilient systems requires advanced metering
and improvements in voltage regulators, load tap changers, and capacitor banks all alang the distribution

system. all which are of considerable age and require new investment. There is no choice in upgrading existing
infrastructure across South East Europe, as it has already started to fail, evidenced by frequent electricity outages
including brownouts and blackouts. Therefore. if upgrades are inevitable, transition to a digital infrastructure and
electronic grid will pay dividends forward as EU accession targets must be met. The inclusion of smart inverters,
flexible AC transmission (FACTS) devices. and high voltage DC (HVDC) infrastructure can all enable a smart digital
management system. The increased use of electronics within the electric grid improves system performance,
reliability, and resiliency, and therefore comprises a key component for future power systems in South East Europe
as it looks ta comply with the EU environmentally, and in an integrated market context

Fix intermittency issues

The lack of grid preparedness remains a common critique of integrating variable wind and solar energy into

the South East European grid. However, since substantial investment in the electricity sector will increase

in the future due to y upgrades, proper and measures should ensure the integration
of renewables and address issues of intermittency. Voltage excursions on the grid and reverse power flow
may become issues due to distributed solar PV, however, in some cases, studies have shown the benefits of
deferred investment in capacitor banks and load tap changers®™. Furthermore, lignite coal-based electricity
in several countries, notably Kosove, Bosnia & Herzegovina and Serbia sometimes are variable despite the

purported baseload label of coal fired power plants.

Complete necessary grid upgrades

The grid will need to fundamentally improve in South East Europe to meet any future energy demand.
Transitioning to a renewable system will also necessitate or potentially contribute to the improvement of grid
devices and performance. The purchase and installation of new transmission interconnections will expand
balancing areas and provide opportunities for an open energy market. Market integration across the region
remains an obligation under the Energy Community Treaty, and will promote regional coordination that could

help countries accede to the EU.

PV as way to address feeder issues

Increased solar PV across the distribution system could also address issues in the feeder system. Distributed
salar may necessitate further grid upgrades to accommodate new technologies, however, the grid will

need upgrades for any new capacity. Secondly, with the improvement of distribution feeders (especially for
countries like Kosovo), the distribution company can impreve revenues and also monitor electricity. This
would enable future demand response programs or other forms of energy efficiency interventions that could
effectively reshape both electricity supply and demand across the region.
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response to meet 10 per cent of its peak
demand by 2025, equivalent to approximately
2,400 megawatts under forecast conditions.

A December 2013 report from the U.S. Department
of Energy’s National Renewable Energy Laboratory
found that a modest demand response resource
of 45.4 megawatts added to a testing scenario
could provide up to 113 megawatts of capacity
(roughly two per cent of peak load) and shift

135 gigawatt-hours of energy. It can also meet
about 33 per cent of the need for frequency
regulation, 19 per cent of spinning contingency
reserve and 85 per cent of flexibility reserve.®
Without getting into the details on each of these,
suffice it to say that this translates into better

grid performance and can significantly reduce
necessary infrastructure investment.

Demand Response

In the traditional grid context, generation follows
load, meaning that as electricity usage increases in
a given service territory, power plants are brought
online to meet the demand and maintain system
balance. Grid modernization provides utilities with
the data and controls necessary to allow, and even
prompt, load to respond to supply conditions or
other signals such as power quality deterioration.

In early demonstrations, demand response
initiatives have largely focused on peak shaving,
which involves shifting energy demand from one
time period to another to smooth consumption
patterns. However, increasing attention is being
given to shorter timescale applications like
frequency regulation, which provide the flexibility
to better integrate intermittent renewable energy
resources and can also serve as a short-term
contingency to mitigate unscheduled loss of supply.

Worldwide revenue from residential demand
response is expected to grow from $322 million
in 2014 to $2.3 billion in 2023.* In line with those
estimates, Ontario is aiming to use demand

In the United States, demand response is
currently being challenged by some traditional
wholesale generators who feel that paying
customers to curtail demand, thus getting paid
for negative watts or “negawatts”, will ultimately
undermine the energy market and starve out
traditional utilities.

Facilitation of Distributed Generation

‘While renewable electricity generation will continue
to grow, it is unclear whether its pace of growth
will accelerate or remain relatively modest. Despite

Canada’s wind capacity, meanwhile, is now more
than 8,500 megawatts—and it also continues to
grow at a rapid pace and in line with international
trends. According to the Canadian Wind Energy

this uncertainty, there are clear signals that
distributed generation is not a passing trend.

Currently, 1,200 megawatts of solar capacity is
connected to Canadian electricity grids—and that
amount is growing rapidly each year, increasing by
58 per cent in 2013 alone.* The increased solar
capacity is being driven by feed-in-tariff contracts,
renewable energy standards, environmentally
conscious energy consumers and falling costs.
According to Natural Resources Canada and the
Canadian Solar Industries Association, photovoltaic
module prices have declined from $10.70 per watt
in 2000 to $0.95 per watt in 2013, faling 17 per cent
in 2013 alone.”

The wind farm in Prince Township, Ontario s the third kargest in Canad.
Photo coutesy of Brookfield Renswabie Energy Group.
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Association, global wind energy capacity grew
by 19 per cent in 2012, with the wind industry
installing a record level of 44,711 megawatts

of new power. The National Energy Board
projects Canadian wind capacity to grow to
16,000 megawatts by 2035, with the largest
capacity additions expected to occur in Quebec,
Ontario, Alberta, and British Columbia.

Of course, Canadian renewable energy development
is not limited to solar and wind: project proponents
are adding innovative approaches such as small-
scale hydro, biomass, geothermal and marine
power to Canada's distributed energy resource
portfolio. Taken together, Canada had more than
7,000 megawatts of renewable energy capacity

in 2012, accounting for 5.5 per cent of the
country’s total capacity.® As the portfolio expands,
distribution utilities will need to develop advanced
processes and tools to integrate a greater volume
of renewable resources without undermining
service reliability.

Germany is widely seen as a world leader in
distributed generation; however, the rapid growth
of distributed generation in that country has
resulted in a situation where policymakers and
utilities have had to change interconnection rules,

grid 1 plans,
and wind and solar incentives to better integrate
distributed 41 As distril ion

expands in Canada, province-specific solutions
to each of these issues will need to be developed,
tested and deployed.

(2)-9

Optimization of Asset Use

Over the next 20 years across Canada, a significant
proportion of the following network components will
reach or exceed their anticipated end of life. This
includes distribution stations, underground cables,
manholes, duct lines, padmount transformers,

wood poles, overhead conductors, overhead

transformers and streetlight standards. Fortunately,
Big Data and grid modernization tools such as
sensors, integrated distribution communications
systems, advanced analytics software and new
diagnostic tests allow for increasingly targeted

Facilitation of Electric Vehicles

The transportation sector accounted for almost
one-quarter of Canada’s total greenhouse gas
emissions in 2012.* While vehicle emission
standards will help bring this number down in
the near term, electrifying Canada’s light vehicle
fleet is the most promising way to drastically
reduce the sector’s emissions by 2050.

As of early 2015, approximately 10,000 highway-
capable plug-in electric vehicles will have been
sold in Canada. While this is a long way from
having an electric vehicle in every driveway,
global sales have now increased to more than
600,000 light duty vehicles over the past

10 years—with the adoption of electric vehicles
continuing to accelerate each year (see Figure 2).

Figure 2. Total Global Electric Vehicle Sales

Blectric Vehicles Sold
#
g
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R R IR R IR G
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Source:

Fault Detection and Mitigati
While supervisory control and data acquisition

(SCADA) and other energy management systems

have long been used to monitor transmission
systems, visibility into the distribution system

has been limited. In fact, many utility customers

would probably be surprised to learn of the
limited information historically available to grid
operators, especially at the distribution level.

As an example, when a blackout occurred
customer calls were mapped to define the

geographic area affected. This, in turn, allowed

utility engineers to determine the lines, trans-
formers and switches involved and what must

be done to restore service. On many occasions,

a utility’s customer care representative would

actually ask callers to step outside to visually assess
the extent of the power loss in their neighbourhood.

It is a testament to the high levels of reliabiiity

enjoyed by Canada's electric utility customers that
most have never experienced this; however, it is

also evidence of an antiquated system.
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operations and asset management programs,
helping utilities maximize asset performance,
proactively maintain equipment and optimize
replacement strategies.

Advanced monitoring, for example, enables more

timely maintenance; more efficient matching of
supply and demand from various economic,
operational and environmental perspectives;
and overload detection of transformers and

conductors—all of which help utilities to reduce

energy losses, improve dispatch, enhance

stability and extend the lifespan of their assets.

CHARGING
STATION

The end goal is to implement full fault location
with isolation and restoration capabilities;
however, this will require tying together numerous
utility systems —outage management, advanced

Unmanned Aerial Vehicles

CEA Corporate Utility Members are increasingly
interested in using unmanned aerial vehicles (UAVS),
or drones, to monitor their assets. Advanced
applications allow utilities to map terrain and
form an accurate 3D model of the components
of their power network and also any surrounding
buildings, landscapes and vegetation. Currently,
this work i performed predominantly by full-size
manned helicopters; UAVs are being touted as
a low-cost, safer alternative.

Examples of how UAVs are currently being used
by electric utilities include:

B SaskPower is testing a $23,000 UAV to survey
substations and other assets.** Capable of flying
for about 25 minutes with a maximum flight path
of 1.6 ki the UAV provides
with visual access to the tops of transformers
without having to de-energize them; can fly
within six feet of transmission lines, which is
close enough for photos to show loose pins
and missing bolts; and provides aerial photos
during flooding events when some assets
may be unreachable by ground travel.

B San Diego Gas & Electric was approved by
the U.S. Federal Aviation Authority in July 2014
to use UAVs for research, testing and training
flights in sparsely populated areas of their
service territory.* This was the first such
approval in the U.S.

m Iberdola (Spain) plans to use UAVs to monitor
power lines and distributed generation assets
such as wind turbines.*

Induction Charging

The transformation of the electricity system is
often likened to the one experienced by the tele-
communications industry, which saw a move from
landline telephone systems to cell phones and
smart phones. However, while the management of
the electricity system and the technologies being
powered might change, the physical characteristics
of moving power remains the same. Utilities will
continue to push electrons through conductive
wires from the transmission system into the
distribution system.

Induction is the one mainstream technology that
can turn this model on its head. Also known as
wireless power, induction is the equivalent of
replacing the wired Ethernet cable with Wi-Fi—
and may eventually allow customers to access
electricity “on the go.” The current technology

is not quite there yet, though. A mobile device
charged by induction needs to sit on an induction
pad and cannot be used during the charge. Also,
charging a device in this way is less efficient than
charging by cable, requiring more energy and a
longer charge time.

While induction charging is still in its early days,
in an increasingly wireless world, it is an area that
utilities and regulators simply cannot afford to
ignore. Of particular interest is the fact that the
market for wireless charging is set to explode over
the next few years: revenues from shipments of
induction power transmitters and receivers are
expected to expand to $8.5 billion in 2018, up
from just $216 million in 2013.5'

Storage

Downstream electrical energy storage has

often been referred to as the “holy grail” of grid
'modernization—and for good reason. Energy
storage promises to simplify the integration of
distributed generation and electric vehicles, mitigate
the need for demand response (although overall
conservation will remain important), imit periods of
asset overload, and keep the lights on when the
bulk power system fails. The challenge so far has
been to do any of these things economically.

A number of Canadian pilot projects are
currently exploring energy storage applications.
CanmetENERGY, a department of Natural
Resources Canada, has tracked more than

$70 million worth of storage projects across

the country that are funded in part or in full by
various federal and provincial funds.* According
to Car Y the of

metering, distribution management, ical
information—and hardening the system so it

can withstand more severe weather events.

Fault detection and automated restoration
technologies are being developed and are
currently being integrated with utility outage
management systems; however, they must

be piloted by utilities so the potential value of
deployment across a full service teritory may

be assessed.

While storm activity continues to be the biggest
threat to service continuity, cyber security threats
are on the rise as well. While hackers have
traditionally targeted electricity generation and
transmission, an automated distribution grid is
both a means for grid operators to fix problems
and hackers to cause them.

AFFITBITBRI—TYy FDEDa Y

that can for
and consumption demand will help produce
more robust, cost-saving electricity networks.

While these initial pilot projects are important, now
is the time to push energy storage innovation into
overdrive across Canada. According to the Brattie
Group, the cost of installed electricity storage,
which is currently $700-$3,000 per kilowatt-hour,
is expected to decline to less than half of that
over the next three years.“ Navigant Research,
meanwhile, forecasts that the annual revenue of
cell sales for advanced batteries for utility-scale
storage applications will grow from $221.8 million
in 2014 to $17.8 billion in 2023.47

Given these numbers, it is imperative that
Canada’s electricity utilities and regulators

start taking a closer look at the value of

specific storage applications in Canada.
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