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BETERECHII DR NHERE DO+ - TSNS, ROFTEREZCIEN/ B DI ERB O HEEZ%

€95 (KM 65) .

HEEROBTE L /AEDE

ey F e e
(KrfEihE =)

=T EC
i nlaER SRR S

BIRBYAI—T 5D
ANz bR —TH RS

65. tHEmEOERROLNEEDHE

wEMNBERT -5 GREEA)
AREREROEMER (FEIRN OB/IMETE BREO V1-V2 BElCEIVTREBROMBIERFIET -5

(abc TE#) ZHEI Do

m RGBT -5
N-1 BHZZRBUL N-1 B2 (1 CHREIER) OXERIASE (B3EN LRE) 27 -9ELTANTS. &

e BIREERECIIFIORIMZEOREEREZERULN - (ZEXK)  REATRERERIZ LT
(FRD BEPRZEEOENSHIRENSERARECAEEIZERSTET Y2 AN BEEET S, B I—IOEE
PIEEZRIEX. T 9Ty bORHEHEL TS BEEORGH K (BREEXO L TIRIEE) BANTIEELT .

mRHMNIENSYIH ACOPF OBERNRANT—4

SEMBUEOSY)ISERTS ACOPF OEANR REERFNAOEACHER) ANT—4 (DC-OPF AHT—-4
Z8E) OBMEERR 23~FK 25 OEITHSD. KRFOIMMLITO DC, @, @. @DOENF, ENEN DC : DCOPF
DANT—AH, © : BREABET 5. @ BMIUEERT 5. @ : REEHIHIT—ITHdLeRLTVS (B 63) .
BE. BFE—RRNRERETET —J(CER0WT —5ZRBULED THD.
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R 23. BMWEBOSYIICERTS ACOPF DEFRANT—4H (DC-OPF ANT—9%EE) OME(1/3)
.~ DCO@® F-HHmEA By 0 ®=E

(ON @)

SATh O

Bz

O
O O
o O

@lle]

CO0O00OOO00O0OLOOOOO

SAT IR
OXRBEATHERTD LIFRN
ORBEEARTHRISZ FUSN

BHRID

BIROERIES

(BREFIDESSD)

=E 2
BHETUY
CHRA— 2B
BHREFEOASS
BHFEEONMHAR
REENED
B ED
BiEED
DT
ST TR
DT FIRE
ST AT IRE
SR (I EE)
AR S AR E R
AR RAIID
OfHRER _FIRE
OBHFEL FIRE

MVA  pulaEOA-21E

pu  AKWoRL\OlES 2
pu  AkWOIRLOIGSE
pra==r]

: Bafor, FEEAE, ZT2RRT- 308, v, PSVR.
REER (A7, BFE. S0XE)) | BRINE

&#S BigEsl (0~9)
BiRiERl (10~99)

(AT ATTAY) SHAANXA(AY TA - AT A ), J>TP—LBIA, J7—
LAEIR %

FF

&BS

kV

pu FsTERER

rad ERiztEEE

pu

pu fETERER

pu

pu

pu FHE%ME, SVCEODRATELNE T

pu  FHHEME. SVCEOIRABTELNEH

Du FHEE. SVCEOBEELNEH
JAHEERE. SVCEOBREELNEH

ﬁ*ﬁ 1 HfEER, 0:EE

pezl

&B55

pu

pu

&R 24. RMWEOIYIIGERYS ACOPF DEAXANT—4S (DC-OPF ANT—-H%2ES) OME (2/3)
.~ DCO@® @ F-4mm  ®g &

Bz

00 REMTIRSE MVA
O O =HREGWMEHDLRE pu R SREIR U INIFE BB D AHME
(ROTEEEZ(CZ{LETEER FIR)
O O REBEFWEDTRME pu B SREFI SN IR ETE HAHME
CRosTEImECELaEER T IR)
O O AkW (E5h) pu HZE RS U TORWE ST
O O AkW (FuHEH) pu HIFIZE L CoRuE RS
O O JyIr—hEBROEFEHDES pu WEBHRO TALRKICER T 2B ROBEHR HOSET
O REHE S _LRE pu
@) EBHNE N T IRE pu
O O EEIAMRHa (15IRE) F3/(pu)~2 cost=c +b*(p_gen)+a*(p_gen)"2
O O FEIAMRSDb (1RRHRE) /(pu) cost= c +b*(p_gen)+a*(p_gen)"2
O O FRBEIAMAECc (LRRIHRE) M cost= ¢ +b*(p_gen)+a*(p_gen)"2
OMBEEEFRE d V/dLE/IME dV/dL : BRISICEIBPVA— T otEE
OEEEERE d V/dLENE dV/dL : BRRCBIFEPVL—JOtES
OMBEEFREdV/dL dV/dL : BRRICBBPVH—JOtEs
Oﬂ%ﬁru\ﬁﬁiﬂ% 0/1 0: ﬁﬁ\ 1: E
00 FEAERED pu
@) HEPAEED pu
@) PSVRfR#Na. b. ¢ vt - (a+1/tap)*vref - b*iref + c =0
n: FETLAYIIE., vref | BERBER. iref | BUEMETR
O PSVREEMZNEET pu
O PSVREETr.OJF>FID pra=z]|
O  PSVRREAETr (2E%) 0J5>FID bl
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&/ 25. BHWEBOIYIIGERYTS ACOPF DEFRANT—4H (DC-OPF ANT—H2ES) OEIE (3/3)
--..._ﬁ__
(@) =

J5oFELES
O O fromfAlEHEES pra=2d
O O tofllEHRES el
O O J5>FER| BS  XEIRE=0. BT ITEEZR=1.
OLTCEx253=2. [EEZ 233 /xM=3
[o)e) J5>F4 pra=2
O O 1EABIEHT pu
OO 1IEABUP IR pu
O IFRFEEEEY/2 pu
[ON®) TSI
O O ZEzsv It FIRE
IJ53F O O v T IR E
O O KERRERE DR pu i P ==
@) OXERERASE pu StERECSTHERESE
@) OFrERERAREY-—YY BAREY BHEE
O O J52FID (BEERIDED) NFH| 3E/EEEERE3IITFT100ID
O O ZEEEEN S5 5FID XFEI| 3%/AEEAEARE3T5F CIB
O 0O BEETL XAy Tt EFHREE. b B=a*ri+b
R3 : 3Ry, rl ;1 REASY T
O T F A iips 0/1 0:#|.1:8
O  ER#9IIIL-TID presl
@) EEIRATHI— TN EBELES =5
@) OJ1> AT kSRR IL—TID el
(@) O J1> ARSI IL—TID praEl
JIVA O O IDOTT > AR pu BEIERERENSES
I3>F O OIDOITAENREASE (from-to) pu B OB EEIGETE
@) OIDDITVAREMERASE (to-from) pu ERROMEEBICERE

(3) EAESATAICERTZEMREOSYIICHITS DCOPF DEAMLE

DCOPF ([CEDWVT. FARERADER/IMEBHAIR(CHITZREHDEFTIBIZZE B I DIECLD. FFRKDIL—)LE
ARG A SRR BOSE( 7R3, SEHIIE OPF O7ILTUXLMIERR 66 (a)liRd. FHAIESG
LT D@ THS.

. DTORMNIEY TERVESORMBIER RO EHIER Sy BB AL, STERRORBEARIT
FLTORMNBE TIRVEE, FHLORER/ I AR, ENEFORORMIBRINETETS.

. SRMMMRICSIZEEI - TOBSLIBL CRMMEOIET) £2EBII0H, BHELBIEFOANSINES
REEMEEETILTIZL (K 66 (a)) &HEET2,

&T.SRMIIE OPF 7L JUXLADEECSVTE. B 66 (a)&(b)D 2 DDFEELEIR LR, B 66 (a)ld. 2
B HE LB BRI AECR DGO THD., BB DESIBALC I CBEER2IBREMNT 37 IUXATHS.
OV NIV LTRBEEOHESMA (L. BRI IR O ERETHD. DCOPF OFER(FINZHEEL TL)
3. —74.® 66 (b)ld. ZNENOEEIEROBREENMEEICHBET 3L CRMLIZRIBAT I BRI abe
EHERTETIL1-UZATYIFETHS.

66 (b)/FETIE, IRIEMR abc EFDETEERRIEUTEI-YRTAYICF1—Z>) (GRITEEER(CLBER]
BAT) HAETHD. ERLERVE#N, —75. B 66 (a)05Ed. BRBRICHCT -2 ST 3LCLD. ER
SEMENEIEETHD. RFTSUREILTUZADF1- > ERBTERAN THIENS. B 66 (a)BBELS.
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SRAMIIBOPF ] RANRER(CHES 7=
[ (AEEE + MRS ) S meascEmEmE
(MBS w IED)
_ SRMIIEOPF
N B AREEEEETE (AREE + IEAEEE)
ROIMIBIERT BB & 2T L )
v !
[ SEHNIEOPF ) o h e
(m}225 \y 9%@) ) @IEME‘{H{L{ED tﬁm%b >_YES
YES— -
(RABABCTES% T2
A 4
END) S END)
(a) BEREMEE LTIV (b) BMBEH Dt E{tE1—-UXT1vIX

66. RMNIE OPF O7NIJVUXLIE

FILRFBADEA(CHIS DCOPF DETALDEIE(F A T OEBNTH B,

FIHHIZEEL  BAEOREE N (CLDEHMALIE

BB  HRER/AZREDER/IMVE

HIFISAF : 500~66kV RIFEICHITEERHRD DC FRAEN XEBROERSE - JIVAMROEREE.
SHEERHDO LTI, F

KALRFNADEA(CH11S DCOPF Z. IERRAZETEIRIELL TU T OLS(CERIET .

BESDER

BUS : BIROES

GBUS  : FE&EHE (PVIEE) BiROES GIEMROGIHERIER OFEEIEEHR)
LBUS  : &fi (PQIEE) BIROES (GBUS DHES)

BRANCH : J3>FD&EE

GLINE  : JIJABPROES

YBUS  : 7RIZAZZITHI (Y XNJWIR)

B ){SA-SDEER

BiRT—5 ;
> bus_type, i€ BUS :BHFiE5|
< PQIEEBHR=0. EERTPRISIR 3 REHR=1. PV IETEBHR=2. Slack B#R=3. PSVR
BHEIR=4. F
< HBHHERER : J-T1 =11 JI-F2=12, .-~ JIL-Ti=1i
> bus_angle0; i€ BUS : BEMAEOYIHEAE
> bus_p_gen; i€ BUS :FEBMEHOHHAE
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> bus_p_load; i€ BUS :BMWEHER

> bus_p_loadg; i€ BUS : FRN &

FEMWT—-TX ;

> gen_p min; i€ BUS : ROFHEMEECICEIERERFEBLNOTIRIE
> gen_p max; i€ BUS : ROBEMEE CICEIERIERFEEBL DO LIRE
> gen_alpha; i€ BUS :PRBEFRFEEHRO 2 KIEDFZE (B a)

> gen_beta; i€ BUS :RRBERFIHELEO 1 /RIEOFRE (EH b)

> gen_gamma; i€ BUS D RRIERFIEREZD 0 RIEDFREL (& o)
BL. BRBEIFICISUTUTOLICESR a. b, c ZHEITD.
< V1IV2 &L 2B ER OB LORIMEOBRNERORS
o EELFEDCHITD VIV2 BEDENTNOEERX D HRAZF 42 S L HEEE(CH VT
RAEOAIUICE S ZERTE T D
<> RAEREOER/IMEOBREROES
o R TOHIENROELZE—BEICRET D,
X GBUS (FEFFEIRTES JUHIEIN REBIRICIOTEDDZDT, T—IEERDEFE L TEBUS 95,
I52F57-4
> branch_type;,, (Lkm)€ BRANCH :J35>F7&Ej5|
% 1: IIYFID, k: from bus ID, m: to bus ID
< XBEIR=0. EEAYT Tr.=1, OLTC {4 Tr.=2, B Tr.3 Rf=3

> branch x;;, (Lkm)€e BRANCH : IS FOUT IR
» branch_tap0;;,, (I, k,m)€ BRANCH : BEFRIVILE
> branch_p max;.,, (ILkm)€eBRANCH :J5>FDERE=Z (from—to AME)
> branch_p miny,,, (I k,m)€ BRANCH :J3>FD:ERB=E (to—from M)
line_group,;,, (L km)€ BRANCH : BRI SOFNPRIE I 2T RO ID
7R 175
> B.dcy,, (km)€YBUS : YT 253
if k =m:
BRANCH BRANCH
B_dcyym = z —1/branch_x;; ;/(branch_tap0,; ;)* + Z —1/branch_x;;
Lk, Lik
if k #m:
BRANCH BRANCH
B_dcy;m = Z 1/branch_x;;,,/branch_tapO0y, ,, + Z 1/branch_x;,, ,/branch_tapO0;,,
Lkm Lmk

JIVAERT =4

> gl flow0; i€ GLINE : J1D ARROBENE SRR OV HAE
> gl flow0_max; i€ GLINE  JIDAHROERSE (from—to 75M)
> gl flow0_min; i€ GLINE  JIDAHROERSE (to—>from 731H)

ETORMI’EHTERVEEDER
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> w_br : JSFEROEHZREL
> w gl: JIDARBROEHRE
. ESZXEBEORER
> dist_losses; i€ BUS : BfR(CEEDENZXEORD
> (BF) BBNOEXBOREZEREID5EDE
Step-1: —E. XBOADERERLO DCOPF %ZEtEL. ZORERET T F OB ENS RFEAD
XEBOX |28 T2, T RREAOREDR(E. AC BRETE TROIE. HIWIEED
IREXBOANFHIN 2D THNUE, ZDEDOFHFHNEELL,
Step-2: Stepl OEBOAZEZBROEROAZIIEUT FHEBICHIZHLERT) HEL (& DC
BRATERICORDENE) URSXT, BE, DCOPF Z5tE9%.
«  SHEEATTEESRIKN
> delta : #BEA 90 E(CI LR
> p_max;;, (L km)€BRANCH : deltaTREZIZ>FEMNEHDOFHIRME

nEHDESR
e bus_angle; i€ BUS : BHROEEAIAE
* p_gen; i€ GBUS : REBMEND
e branch_p_dc i, (Lkm)€ BRANCH : IS FEMENER
e glpdc i€GLINE : DI ABMNEENR
* breepsium (Lkm)€BRANCH : IS FEIRHEINI DRIV IZE
e gleps; i€GLINE DIV AERREIFID ATV ZEEL
m BREIEL - BIORMADESR
(REIAMRIME)

REEAG. STELNCHEIZFEEBIAN GHEER) MSOENTERTED, IIT. TEERREEMEROT,
AREBEROR/IMEE. ABRERIGTEERZIALREBIRNDER/IMLEEMERD. UHO T, SARERS/IMEZE
IRIBENELUTOFREBIR M/IMERBEEL TERLIBIENTES.

GBUS

minimize Z {gen_alpha; - (p_gen;)* + gen_beta; - p_gen; + gen_gamma;}

bus_angle -
p_gen, br_eps, gleps 1

BRANCH GLINE

F Wy D (riepsyen)’ +Way ) (gleps;)’

Lkm j=1

where,

gen_alpha;, gen_beta;, gen_gamma,

: V1-V2 BOSZ M HHEIZ2HHHETRELUZEMOED S E T

(V1V2 fli&Ic L SRR E AOOBEEE M DER/IME)
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V1V2 Bffi(CL2ABRERDOFIEE. XOREZESRZ BONIERECER TESN, Ete NN ERSN I RE

{EFEZ. ZOFTEAIBLIITERV ZI T, XORIERERZRHBRERZ. RETEE TICRIETESHHEEH
(BN DEERE) TOER RS TEMTS (K 67) .

COIEBAF. — %R abc ERDISCEENFEO VIV2 BEfOFIHZ2ETOHENTHET—IRAUIZEO TR,
EEREDICHITD VIV2 BElOTNEN DB X I HRAZAF I+ 2 B R S O S # D S8R (CH W ThLRIEUTIN
IREDTHBIEICEBTINGL.

COEATIE, IREFEFE TOMBIMMEVEE, S HSERCZEND VIV2 BBV RBHLEAFTEDD
T EUOBENEFD. &, STRHDFED VIV2 iEU GIHHEEN—D0 VIV2 HAOFHICEFENIHE. R
IRFFIEE DI ER RS,

CNEFEBIXMDE/IMED abc TEEVZ. V1V2 B{lilCd 3% E Az I HEERE THEIAUTEDCE SRR T5%
EUEDEFMERD. LN T VIV2 IARICL 2R ERONMBEEAPOR/IMEZRIRI DL NE LUTFOFS
JRAMRIMERREEL TERME T BTENTES,

—" A | mun| | Lo
[F/h) i’ E : i A [A/h] i E%.
! |l EEE i i
Of ---tem - m oo b N L 1 =F of---1 : : : REARE
: REEM: [M/h] ! REBEA: [F/h]
- ! X A% ! X #RfzE%
ETEHA H A [Mw] ETEH A H AMW]

67. V1V2 Biffilc & BFREEHDOBIBHEM DA A -

GBUS
minimize Z {gen_alpha; - (p_gen;)* + gen_beta; - p_gen; + gen_gamma;}

bus_angle
p_gen, br_eps, gleps 1l

BRANCH GLINE
F Wy ) (brepsyn)® +Wep Y (gleps))’
Likm =1

where,
gen_alpha;, gen_beta;, gen_gamma, : BEREDICHFD VIV2 BAOENENOREBLRX DIRAAF
47 B DR (CH VTR SUA I TE

(FAEEED=/IVE)
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GBUS

minimize Z {gen_alpha; - (p_gen;)* + gen_beta, - p_gen; + gen_gamma;}

bus_angle -
p_gen, br_eps, gleps 1

BRANCH GLINE
+ Wy, Z (br_epsym)® + Wep Z (gl_eps;)?

Lkm j=1
where,

gen_alpha;, gen_beta;, gen_gamma; : £ TOFIFHINTERD abc FE % RE—BICERE

subj. to
(FEEHE N O L TRHI)

gen_p_min; < p_gen; < gen_p_max; i € GBUS

(DC #iF s 1ER)

bus_p_gen; — bus_p_load, — dist_losses, — bus_p_loadg,

YBUS
- Z B_dcy n, - (bus_angle, — bus_angle,,) = 0 k € LBUS
km

YBUS

p_gen, — bus_p_load, — dist_losses, — bus_p_loadg, — Z B_dcy - (bus_angle, — bus_angle,,) = 0
k,m

k € GBUS
(O3> FHRsR)
—branch_p_miny ,, < branch_p_dc;;, + br_eps,;,m, < branch_p_max,
(L k,m) € BRANCH
where,

branch_p_dc,y n, = (bus_angle, — bus_angle,,)/branch_x;;,, (l,k,m) € BRANCH

(OI>ARiFREI)
—gl_flow_min; < gl p_dc; + gl_eps; < gl_flow_max; i €EGLINE

where,

BRANCH:
line_groupy g m=i

glp_dc; = Z (bus_angle, — bus_angle,,)/branch_x ,, i € GLINE
Lkm

(S P=AREEHN)
—p_Max;pm < branch_p_dc; ., < p_max;;m (I, k,m) e BRANCH
where,

p_max; ., = delta-(mw/2)/branch_x;;,, (I, k,m) € BRANCH
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(4) OPF BMANIEOIY)DEGEREE

ERDERALICEDIC DCOPF, BLUEBE - FBREHEER LI AC FRATENCEDC ACOPF @ PoC (Proof
of Concept) EFIZIERKL. RILFRFOEREET—4F (K 68 ; HREHN PG REOVERBEANODERT -7 ;
500kV~66kV BHFEziEiEE. 179 FEH. 2140 B4R, 2651 J3>F) #AUVT. OPF SEMAUEOSY D EAH
IE AR RE M ZAREE LTz,

INB0 PoC EFVE. RBIEHDEFDT I MRS A — RONFAEIEETEETY> Y S5E AMPL (A Modeling
Language for Mathematical Programming) ZFRWTIBERUI., SEFENIE)L — )L OB E(CRERICIT LT D28,
N=RI=F1>J %83 VT NEFRCEB12ITIT1 T BRFRIBELTVS, TR IV —IOEELIIREZRIER
TALREME (BIZ(E. ACOPF ANDZEUMRR) (CXIET 2. OSvI%S4I3U—{EL. EHOOSYINEUVEINE S
REZ1-IME (ODvI3403Y) #IBEUTHRELTWS,

(124t : TEPCO Pewer G - :

68. IRIET—% (500kV~66kV BHRZIEEE, 179 FEil, 2140 B8R, 2651 J5>F) DOHIRHERE

EEMREEEL T, OPF OEFIRET LN THLSNTVS AC HIREt BEE AU TVWINRIREE I B, 1ERMULTE
ACOPF O#UIEET )L Tt B UAIEIRIIRRRE R ORI T BRARLZ LR L. mENSTEIRFIEDRETxE
(C—E93cLzmRBUL (R’ 69) . CNICLD, BIR- &afa - ZE2r - IXEBIR - AR MEOBE I LEORR
T -2 T 22 TOHEDEIEETILE OPF OFIRET )LENEUESt BHI(C—ET BTENHEERTE, BB,
DCOPF & ACOPF £REIUEIEET I ZAALTWS.
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x RIZOEPRETEER

05 o AC-OPF
0.3
il
=01 " L
% X X X
§-0.1 L Mg -
T3 gy e BT "
N X
& Bﬁ 2TORIED
05 F BEOKEEEAARN,
il 10-SPUDIEE T—E
0.7

09 095 1 1.05 1.1 115 12 125
bus voltage [pu]

69. KFEDIFRTEERE ACOPF TSI HICH I FBIRBEDOKRESEMAADLER

Fle. REANAIEERETEIFEINZIRIE I 5/cth. BERINSEARE TZHBTHRUIZ 48 BREICHWT. SEMEFT
10 hPfe(Cd I BIRMANIEET EZRMU. 1 BTEOFHINRETERH(E. DCOPF T 0.1 #LUF. ACOPF T
2~3IEE (J-hPCA>FILEE 10 4K Core i7) THD. HEAICHIELRVWRIAH THHEZHERRUR,

2-1-1-3. REHEOSYIEBRBUETHRERETIOIRET (RiEE : HRKXF)
(1) frEDF

HATE. BeRREBHTHRATULIZbZBZE 10 FRAIHEUED TSN, 2012 FICHBENIZB4RIRET
FIF-OBEFEMSEE (FIT) HIEICIZABIAREZPROELCEETRIIIF-REOREEALLD, JUM
TU7THARIREIRIF - DHIEINAED. 2019 FRFATI7— LAl (HAOFIEZFIHIRELBVREEER) T
(FRPZIEHRE. RAOFEEORTHEGICRSDIHFEBENECDIEBRELDO, CORRT. XEIREMEIRC LB A TIEE
IRIF-FHEOEBABELL T, J2I7— ©EGROXILE S EL(CLIBEEREM D OFIEZEAITBILHIC, ZDIHD
ST LERIEMFARLLTATOS IV MBIAINIZ, &5(C. TOS 1V MR OIRESFE T, SRMEIRE. £412
BEOVTREEO—FEANFHImEN., O-WLRHE (154kV, 66kV 2E) TEEFLEMMETEIN TS,
AEBETE. INS0EMEISTIGU. SEOBRZIBARREIMINF-DBEAOELTOIFROEEERET ILOWRETEL
T, REHIEOSyv %2 SEDIcFTHEERTT )L SCUC(Security Constrained Unit Commitment)Z(C&oT. R
FIHOFERZ IR F —TiZOEE| (CRE T 2HEEZRREL. FERMRCHIT DX BRORMER 2 SOIRF LR
EMEEEARIISIENLTIGEREZRIR I RMEEOMAEZITOTVS.

IRTE. JEPX O kWh fHZOIE T, ERIRRMZERU TLIN ., AKX EROEMEZER I DHEEN RV, K
ED ISO BRENENIZRDE. IRIVF— (KWh) TG THEZRE TR AT, MAXEROEMEER I IRL,
FEERBEORDIBEIREEBUL L THEMTON TV, BAECBVT. k. REUEMZaIREVIZRBAIAT
(& TIHEER (Y-2fl) (BEFER (J-HIEH) TR KECEHKICTIB THEIRICRICEZEE IS
ZtERB. SEOEBENIAT LBV, BROXAECEBHROFBAZKRES AT LERCBVTIE., BHEEZE AL, &
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S(CHIFEM B SUBBRIEZB LU, V71 AIGEVEREZILIE I ZNBIHITEN ., BB ZSE THisiEs
nctws, (X 70)

[—EORFICEIEIRE) ETEBIRTH ? LORICBIETH ?
g} | FRESATLOBEE | 5D =T =—
(BRh0 /> I7- LS AT LN EBTE3EIMEE) T SR S2TAOSEHE - HN(EMNLS2TLOEE)
-BHEAOEME - 12/(502HE / -BHEAOKE
-RBOB-ETLEE ENERSIUIRLF-TBOHEHPHERE
e “::ggjgéﬁﬁuwgg]wwnn T80
BREANOEE (DHRBADWROBES % L4 IR
T ) e B TSR MBENELLE, BIEO
s B SRS BBRE)
2 g BEHRANOEE
- (EESIIAEL) -BROTHEEAOHST (BRIZIRHFRS)
A S s
% e — TSOEXHE A w5527 LOLBE - 5D
o R - D \ (80527 LEUE, TS R7 L
REREOES LEort) \ - BHEAORE - S E T AL NS S5
B FLORE +BHREX) i \-BIROB-E LA
< - BT = SEHERMTORBIOVTONG
s g (EEFHROSIBED RED)
A ) EDERICEIETH ? | -mrzororE
(EREDIR)/ -BROTRERAOHG (W2U2INHFRS)
(SR (kWhiEHS) B S (BiAR) —
SR IAT AOSBE - BU(—EOBDINOE BN EBEBTHNE) SRRBIUAORA
EHEAOKE - 1>/ ABR -BRDECRIEARDS
Sy -RIBOBLERME - 1V/(SUIRRLOVNST. BENREOS B DIHTISHORE
b” B
BREAOEE ST AR N\
TSOE‘E(M) HIsERE(Y-oH) iR 4B(J-9N#)
(}{, RE. FY. A1, TFVR BE A7, INI1— PIM, ERCOT. CAISO #¢

OCCTO: [RFRMEFIRE UREFADIENA] (CDVWT~RIEREN_ (2021.2)

70. FBEROSATLERATTORFEHHOSY /2B RUELFEERETIIOIRE, FAFEE
(H B2 : OCCTO: [ RHCRMZRIHREUCRERFIADIEDS IOV T~&RIEHRE~ (2021.2))

AR T, BAOBIE, LT 2020 FICHARBIFNIERULD—N>Z1—- NIV ZEIEITER. 2021 FOIRIL
FT-EAFTEOZAROBIETCOBIRDISRIAEEADAEMZREFZ . KENEKLTWS/-FINTF1>T. 1)

P4 LBERIETOIRIIF—TB0ES| EZ2DED TSO DEAECLZAREDBRAOEHL . BARGENY -l

TlEHINERZHIHOEKETERETL TOIRINOBIEEZSE(C. FHROBHIRAT A BATGES ST DRME
B(CEREY T, XEROFINRAGSIEZIEETE (SCUC) LRiEEHatE (ACOPF) ZsEHEERS
AT LOW&F %17, (K 71)

= ZEETE
. HExERS s % EHEl WFE ’J $
bRV Tk T Z b
]EPX JEPX
\ \
REF ’ REH /E .. %%
2% LwEm lﬁﬁﬂsu *E ~ERy

ﬂJ B%FT‘I
BEE g FWEE

TR EER L THE REBHE - SBHE

A 2T REER

iHE - EEHE
= FBEE - WA

A T v ZEK

71. RITELVBROBHFHRIO-MA-S

(2) scuc

KIETE, REHOET N AESFRVESZIEEHE (UC: Unit Commitment) ([CEFACL ISR

(DCOPF) ##AHENHETz SCUC (Security Constrained UC) OF&EEHIRRELT. 4 BHRET L. East10 EF)L
(CERARETRAFAR T DOV TR S,
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4 BHIRETIVICELS SCUC &3

UC+DCOPF OEFTIVZFFL. 4 BHRREORYNI—IETIL (LT 4 BERETIV) ZHHRELT. SCUC L UC I
FPETERRZLERL. ETINOZH MU, STERARIE 1 B 48 WrmmeUliz. B 72 [CW5REUR 4 BHRRR
ETINVETRT . KNREHEZDR]L (G1) LBHR4 (G4) (CREL. B#R 2 LBIR 3 (CRBZEV JAMIG1 O
73h G4 ELENTERBLIERTE LS. AAREE T3 PV HAONSTECREITRAE ORI B, PV ZH-HR 1 (TEREL
feo BH. PV B AFHEAHBEIEEBEDELTVS, B 73 (CRFRINFET 5%, B 74 (LRSI PV B DT —5Z2BIRT
2. RIROBMEEIFIT DD, T50F 1-3 LIF0F 2-3 (GXEIREE% 5000MW LU TEHRTEL. ZOMODEERES

E(CFHIPRZEZITIRN,
@ 0.55+j0.13
|52 e
®© 0.08+/0.40

0.10 + j0.40

77 F1-3
T o 5.593

_ A3 vu=1.10P4=0.50

72. 4 B@RRBREORYMNI-IETI (4 BRETI)
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74. B 1 0% PV HHh7-45

AAREET(E, EFOEENREH) (LUF DCPF #1%9) OBENSTECREIREL, PV BHOKRESZELSERLE
OEBROZEA 2RI DI, T’ 26 DT —A%FHEU, SCUC DIFE(F PV 1% 0 f5~10 {&F T, LDz
UC ODHDIHBETIE PV Z 1 18 10 BZERELR. B85, miBLEtEAHEEERNZRILIAMR/IMET S
FIEEtBORE{LZ1ToMk.

& 26. 4 BRETINEAVWEEES-2—E

STBT—X DCPF #lI%9 | PV i
Case SCUC 0 0f=
Case SCUC PV 0 115
Case SCUC5PV | O 518
Case SCUC 10PV | O 10 15
Case UC PV X 115
Case UC 10PV X 10 15

75 (L. BT 2Dt EfER%ZECE 5. Case UC PV & Case SCUC PV ZztE# 9%, Case UC PV TIXIX
RDZ VN IDFEEK G4 OHNBRENTZDICL. Case SCUC PV Tl G4 (CIIX THIXMDN I FEK G1 BIKRE
LTWAZENDND. G1 HRENT DIREHET 5> F 2-3 ORIRNMEEBIRB2(GEL G4 OEANHIBRENZ2HTHD.
JRIC Case UC 10PV & Case SCUC 10PV %Ztb# 9%, Case UC 10PV Tl& 12:00 fhflc PV HODHTHEEE
NS RIRREICHBD(CTL. Case SCUC 10PV TN DFEBHE G4 BB TUVD. NNDFEH G4 h'irEId 218
HESCARE KT T F 1-3 OEFRMEBIRBE(SEL PV hSOEDNHIFIEN 212 TH B,

76 Tl& DCPF 92 ZRBUIIARET. PV HAZIENEE T —RZ2 8 T3, PV H DB, G1 O
INEDBRIE OISR PV [CBEHRZBND. BT 5 FORIROBRINZEZR 77 (RT. K 77 H'5 6:00 (C
2TOTET—ATISOF 2-3 ORIRMEERBE(LEL TV, DCPF #lf12E B UGS RERETE0DREC
IDNIFEM G4 DH TEBBEZIEOIENTERRD, T50F 2-3 OBIRNMEERBE(GETZOERIFRICNN
REH Gl '@ ZIADD. FI2. 77 #83¢& Case SCUC 10PV OF 9:00 (CTF>F 1-3 OEFRNMEEERES S
([GEULSD. INIE PV O I MNXBIRBE(CLDIRITEICRDIEZRBIRT D, L EDOFTES —ADLEENS. DCPF #l#9
WEEBIROEMEERIRT Z2E PV HODKREFSCEDT SO FEIRNEAL T DL A EERL . REBIIRENE LS TE
NDEZE=TERUIZ,

3-75



Case SCUC PV

25000 Case UC PV

15000
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o
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MW

Case SCUC 10PV

25000 Case UC 10PV

15000
10000
5000

[=}
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[s]
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(MW B

0€:2T T/¥/610T
00:TT T/¥/610T
0€:6T T/t/610¢
00:8T T/t/610¢
0€:9T T/t/610T
00:ST T/¥/610T
O€:€T T/¥/6T0T
00:ZT T/¥/610T
0€:0T T/t/610¢
00:6 T/t/610¢
0€:£ T/¥/610¢
00:9 T/t/610¢
0€% T//6102
00:€ T/¥/610T
0€T T/v/610C
00:0 T/¥/6102

0€:2Z T/%/610T
00:1Z T/¥/6102
0€:6T T/¥/610C
00:8T T/¥/610T
0€:9T T/t/6102
00:ST T/+/6T0T
0€:€T T/4/6T0T
00:CT T/t/6T02
0€:0T T/4/6102
00:6 T/t#/6T0T
0€:£ T//610T
00:9 T/t/6102
0€:¥ T//610C
00:€ T/t/6T02
0€:T T/¢/6T02
00:0 T/t/6T0Z

EENG4 B Gl EEEPV =—Demand

G4 mmGl mmPV ——Demand

75. 4 BRETINOETEROLER (UC & SCUC DLEE)

X]

Case SCUC 5PV

25000 Case SCUC
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Case SCUC 10PV

25000 Case SCUC PV
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0€:€T T/¥/6T0T
00:TT T/¥/610T
0€:0T T/¥/6T0C
00:6 T/%/6T0C
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00:9 T/%/6T02
0¥ T/%/6T0C
00:€ T/%/6T0C
0€:T T/%/6T0C
00:0 T/%/6T02

0€:2¢ T/¥/6T0¢
0012 T/¥/610T
0€:6T T/¥/6T0T
00:8T T/¥/6T0C
0€:9T T/¥/6T0¢
00:ST T/¥/6T0T
0€:€T T/¥/610T
00:2T T/¥/6T0¢
0€:0T T/¥/6T0¢
00:6 T/%/6T02
0€:£ T/%/6T0T
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BG4 mmGl PV ——Demand

G4 mmGl mmPV ——Demand

76. 4 BRETIOFEREROLLE (SCUC ICHIFS PV DighN)
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77. A BRETINOBRER : T52F 1-3 LT 5>F 2-3 Ol

1 ) ’ 0.55+j0.13 IG:! ] . 0.55+/0.13

3 y=110P,

@

-j0.29— e 0.28 A
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Tn;u;nja (G4 Tn.sm_m { G4/_I
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78. 4 BRETIOMBAHER : 3:00 (£) &£ 12:00 (H) O#HEOES

EAST10 £7)UICE D SCUC HREE

SDEMBET I ZAWT DCPF HIXIDREZFER T 21, BRFRO EAST10 #-0/V RifETIL (UTF
EAST10 £5)L) ZRWT. 2 BFE 96 BEOIRFEST B ZEMUZ, EAST10 E5ILDAX-2%K 79 (ORT . BED
BIXFOTRIERTST —4513 2020 FEZREL. AMREEETETIE DCPF #lfI 0B EN/MFREHEENSIEET
BT FIHEEZRRELTVSIs, R 27 (ORY DCPF FIfIOBEEZEEUR 2 57— A=, sTEHERZERL
Iz
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79. EAST10 &5 )
(HFr : BABESFSBNRFEEETINOZE N LT ABREEERIETIVILFCEIZHREE (Y217
) )

& 27. EAST10 E5 MV ZRBVWESHE -2 —&
STEI—-X DCPF #ll#3
Case UC EAST10 0
Case SCUC EAST10 X

80(C24—2D 4 B 2 HOFTGE/NFDRAZLEE T, INZRDE 4:00 T3OFTAE/ SV ANKERROTVST
ENDINB. Case UC EAST10 TIFARNNDFEEW (COAL) OHENZFIBUIGKFESBH (Pump) [CENZATE
9%. 2L HBE (Load) DZVWHHICHEKFEBHOFEECLDETRBULENZHREFIALTVS, INIHU.
Case SCUC EAST10 T[HZORREIH(CHHEKFEBHEADEDITEIFELTORN, F. B 81 (CRINDFEBHD
TEAERIREI R DL Z BRHL. Case UC EAST10 THEIZXMDBERNDFEEH (COAL) 1 LNG K HFEEH
(LNGP) H&EIL TLSDICXL, Case SCUC EAST10 T(FAK N NDFEBHECNNZIAX DS WVERN I FEEL
(OIL) BEREILTVBIENDND. B 82 D 4/2 D 10:00 DFRREIICKD, Case SCUC EAST10 (CT LNG XA
FEHENFRELLVWRRZHER TS, B 82 h'5 Case SCUC EAST10 THREIL TV RN I FEEE GO8 Th
BZENONB, Case SCUC EAST10 (CT Case UC EAST10 EEERICHRMFEBHLUINOFEEENS L18 OFEH
(CEBNZHEITDIH(C(F. PEERTHEOILXBIRCLDIXEITINENDDN, WINHOXBIRSE(LET DL
T, AR LNG FEIZXSOFEEHNSOEDHFIFISN B LN RSN S.
UC+DCOPF (CDWT(&, &D#E32 EAST10 E7ILEWTE. DCPF Sl I0E BN R BB IS TECRZE
R(FFTLzEERUIZ. S, EAST10 £5)UCHBVT ACOPF OEMEHSUMREEZ T 2 RIAH TH D,
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PumpGen

= COAL

=L oad

= EVGen
= =+PumpCh

= | NGP

OIL
==-+EVCh

Case UC

RE2
--+BattCh

wew | astResort = BattGen

we RE1_Curtail
RE1
== Basel oad

00:zZ T~dy g 00:2¢ Z-1dy
00:0Z Z-1dy nm — 00:02 z-1dy
00:8T Z~4dy ;98 00:8T Z-1dy
00:97 g~dy — _ 00:9T Z-1dvy
00:pT Z-dy - 00:4T Z-4dy
00:2T gdy 5 00:ZT Z-1dy
00:0T Z~dy nm &% m - 00:0T Z-dy
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00:Z T-dy n—n . _m_ - 00:Z T-1dy
00:0 T-dy - 00°0 T-4dy
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Power [GW]

Power [GW]

25.0

,_\
bl
o

,_.
=
(=]

bl
o

e
o

25.0

20.0

15.0

10.0

5.0

0.0

Case UC

M Oil - Rated: 80-100% Qil - Rated: 50-80% Oil - Rated: 0-50%
B LNG - Rated: 80-100% M LNG - Rated: 50-80% LNG - Rated: 0-50%
B Coal - Rated: 80-100% M Coal - Rated: 50-80% W Coal - Rated: 0-50%

o O 0 OO0 0 00000 OO OO0 oD O o O Qo o0 o Qoo
e e R = T = B e R e e e e R e e B = A= = = B ==
O ™~ = W o) O N = W o0 O N O SN S OW o O N s W 00 O /N
ﬁﬁﬂﬁHﬁHHHHNNNNNNNH'—"—'HHNN
i o T o T B T o B T o e e o N o I o R o Y R (R o N I ¥
e - - - T
< <& < < < < < < < < < < < <
Case SCUC
| Oil - Rated: 80-100% Oil - Rated: 50-80% Qil - Rated: 0-50%

B LNG - Rated: 80-100% M LNG - Rated: 50-80% LNG - Rated: 0-50%
W Coal - Rated: 80-100% M Coal - Rated: 50-80% M Coal - Rated: 0-50%

4/1 0:00
4/1 2:00

4/1 4-:00
4/1 6:00

X 81.

4/2 4:00

4/1 8:00
4/110:00
4/112:00
4/1 14:00
4/116:00
4/118:00
4/1 20:00
4/122:00

4/2 0:00

4/2 2:00

4/2 6:00

4/2 8:00
4/2 10:00
4/2 12:00
4/2 14:00
4/2 16:00
4/2 18:00
4/2 20:00
4/2 22:00

EAST10 E7)VICED SCUC SHEHER (N HFEEK, IERBIREITR)



35K KA
EFME. AT FE

82. EAST10 T5)ICLD SCUC DHERR : 4/2 10:00 DEAHRE (BfI : MW)

S RFERETIC EAST10 E7)IZFWT ACOPF Ol hER [BHZ—E SCUC AJ1—R)\wJ33
SCUC+ACOPF st BZERRENIV7EXR0 1 B 48 MiE TEM-1RFET 2T E CHD A—ZADRFEHHZZHHE
#aET)L (SCUC+ACOPF) O{ERZsTENEDTT T 3D RIAHTHD.

BLEICED, 2021 FERPEBER REFEHIEHZHREUERERET)L (SCUCHACOPF) (0O&, #lfERZ 1
EIRBRFZTOTRCEIDEAROSYVIFRFE TS, |BERI D RAHTHD. REBRERMEEHLERFETHzZDLHE
BETIOBEALZEND, BRDIIATLARM TFICHI2FMEERHIZRMI D, I(SHU TR FHEEVORTZ1—
IVTEDHTVS,

(3) ACOPF

AR THIROIRIE—THEOBEEREESEBELT SCUC & ACOPF DiE0OTOTAL TGS B A
1E1RITE(CEFA TS ACOPF #BIR 93,

SCUC T, BERORMEERL TR RERHAOR N S o S a RN s EERtE

(DCOPF) TRET 3. JFUERETEE ACOPF Tld, SCUC DBRES ORELZIT, BESLENE
HOBEERURL L TOBHEEERERT S, ACOPF (4. SCUC (CLIRBERED ETNEEEALHCEBNNG
V2T BBAHRIBEIRVS OFERE SCUC [CRY . BECLENENOHNEZEIZILT, SCUC (L BEHETHE
BANSATELEEROEERI NSV ALBNEE ., FIEN S S0REL2Z(LUIEE SRR EEE SCUC
(GRS (= 83) .
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ATOCR(DOWVT(E, IBINABRCEIDERSFT R THS. sEHICOVWTELBINARDIEZSEBEINL,

4#’&*
DCOPF AT
EHEILER AC OPFTHIl#:& R L1-158& O1ER
B. T, RGlEHEEE ARG RRBNET LOHEZA—( A=

83. HiaHl. REEHHZEEAIRRRRIGHEETIIO—

= 28 (l. SCUC & ACOPF BIDA>A—J1—AELUTHRETUTLVRIBERATIRIEB 2R 9 . EARNRFEEHBOH D
EBAERIREIRIF—DOHEHE, BEOEE. BXEREZEEOROBIRZIIIRT 2, IRIEF. BEHDEZR
WIBAEECEFLTHN, 2021 ERICTK T FECHD.

| 28. 129-J1-R( A=Y (E:)-K) (H:T35>F)

Name L1 L2 L3 L4
Name G1 PV1 L2 L3 G4 From B1 B1 B2 B3
Type Generatiol PV Demand Demand Generatior 1 B2 B2 B3 B4

BusID Bl Bl B2 B3 B4 2019/4/10:00 1626.462 -1626.46 -3659.54  -8810
2019/4/1 0:00 5286 3524 8810

2019/4/1 0:30 5022 3348 8370 2019/4/1 0:30 1545.231 -1545.23 -3476.77 -8370
2019/4/1 1:00 4758 3172 7930 2019/4/1 1:00 1464  -1464  -3294  -7930
2019/4/1 1:30 4719 3146 7865 2019/4/1 1:30 1452 -1452 -3267 -7865

o O O o
o O o o

2020 FE (& JOMATD ACOPF (CXL T, RFURMCLDRIMNOB LRI F-ORGHIEHZEEIS
HREIBIUTZ.

SO EIRIIADID, FIIRADI Y R-TS51/X (ZOFIKIRMAZEI I BLTEAROERHIROREE
IR) (SHEHIBITIDTIRBOFIBERIFICANTED, S RFT2EEIDFETCHS.

ARUEREBFREARIEER ACOPF (OWTIL, BIMAETEMNEZEZSNBYIN-THS Ipopt (CDF, IRFEER. K
FURRIRE(C I3 ET )L OB EZRHEL . REHBOEMBPTHS, FFHCOVTE, BINAEDEZSREN
(AN

2-1-2. WhIEERERERAGHEMEEEAIREEOTFIVTIRORET (RiEHE : BHPRAFRM. KRR
E|EHPG)

2020 FE(C. FRIEEFR BRI HEMBEERREE. BHDEFICHIHHAEEOERFETHS IEC
61850 (CEDE. HIEHEER - FHRIDIEE%Z IEC 61850 DIFIRETIVTRIGIEL. TDT —HZITX T IEOXyEZ—
STERICILI ) 7B UL BIRETII TR IAFECOVTE, HMHIEBCEIIZIYvE>J%R 29 (C. BAR-FHRIIA
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BICRI2YYESJ %R 30 [CRIEBDEDFLD TNICED, FRIEEREBHMBEOBETHLS IEC 61850 O
BIRETIZHFELI.

& 29. FIHIEEL IEC 61850 1BHETINEDIVESY

E)

HIEIEE (] smig/—R T=AATZ1IN IBEFE
BB 14D TE+&LE 0~100% DWMX WMaxPctSpt ctival.f
(1%E41) (BXEH (xXfEICEATS E#T 0~100)
ERAfEHIEH) 501E)
0 A i3] FSCH StrTm1 setTm
VIS (RT1-)) (FAREREZY)
£IRNICHBIS INICHIETD FSCH ValASG{n} ValASG{n}® n
EASLEHIfEYE HRIES (RTZa1-)) (Hl7EMiE)
EHEEE 0~100% FSCH ValASG{n} setMag.f
(1%E1) RTTa-)) (HlfEME) 4T 0~100)

WTERRENTVSI. FEINRICEREZ D HK.

iR — RET—HAT ST bOEIRE, IEC 61850 TEHSNIEDZZDFETEK. TNTNOZINIBEFRED

+| 30. EEfR-sHAIEEE 1IEC 61850 153REFINEDIVEDD

EEfR-STRIIER (] smiE/— R F=AATZ1IN T-AEM%
R PR R 85 A/ XCBR Pos stval
(ERfrEs) (FARAfIE) (1=t0, 2=A)
FEHIED A/t XCBR Pos stval
i 51| A 25 (ERfrEs) (FARAAIE) (1=t0, 2=A)
EDEHRES FE/1B)F CALH GrAlm stval
(ERNIE) (E4) (BE1AME)
HERRBEN kW MMXU TotW mag.f
€Tl (B%EH) (CZEN NI RE)
HERREED kvar MMXU TotVAr mag.f
(SENfEETAI) (EhEH) (ZENERED)
HERREHREE kV MMXU PPV phsAB.cVal.mag.f
(RZRAE) (ExpfiEETAI) (¥REEE) (FENERED)
FEHIED kW MMXU TotW mag.f
BEH (ERfEETAI) (B%EH) (EENNEIRE)

F) HRIBE) R FAIATS1IM T-IBEOEZFNE. IEC 61850 TEHSNIEEDEEDFFiLE . TNENDOLZFNT
BEFRCE DV TARZEIN TV, IEMAICERZSCE.

{RE T ROy —TFERIEL TE, BINICHIFDEARLEHIEMEZXE T ZIHEIC IEC 61850 OF —FRERXY
t—2 (SetDataValues) B¢%. BifR-5HRIT —4%iX{E9 3B E(C IEC 61850 MiBAIAXYE—> (Report) %.

TNENFBIBLEZED, —HIELT. HBE (X B Y B) ((ZBDOHEMEZ{zXT2FIEZH 84 (IRT. K
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MICRI LI BINITHIET D ValASG{n}HIHU TERLEFIEMEZ XELR. ZOFREZEREITdRIIE (K(C
HIIBFIEIED) ZXETD.

FSCH4 FSCH3 __

g ValASG1 | 4ua |ValASG48

/' \\ (0:00~0:29) (223:30~23:59) EnaReq } DsaReq

TSO ' ' ' g
1

1
] SetDataValues.req : TE+& L& #ME
| SetDataValues.resp+
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DSI/Day Prep Initial Unit i Network Data Prep o Network Security Network Constrained DSP/Save
_ Commitment (IUC) _ (NDP) - Analysis (NSA) - Unit Commitment -
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+SCADA Read (gen an unconstrained schedule violations. * Qutputs QISR
and line status) network . Power- *A/C Pawer-flow Schedules for *Saves run results
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prior day save approximation for *Outputs * Uses last NSA
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Title: Next-generation power network stabilization technology development for a large-scale
integration of renewable energies /Research subject [1]-1 Feasibility Study for realizing "Japanese
Connect and Manage" scheme (FY2019) Final Report

This study examined the following topics as a feasibility study of power systems in realizing the
“Japanese Connect and Manage” scheme.

In the topic 1-1 “Potential for introducing the scheme to extra-high voltage systems”, the curtailment
rate when non-firm generators are connected to target power systems was estimated. The target
systems were assumed to be transmission lines disclosed by each general transmission and distribution
company, and with no available capacity in the available capacity map. As a result of the estimation,
the target systems were classified into four patterns based on their characteristics.

In the topic 1-2 “Potential for introducing the scheme to distribution systems”, potential for
introducing a non-firm connection to power distribution systems was estimated. As a result of the
estimation, the number of target distribution systems was 50 lines nationwide. However, a cost
comparative analysis resulted that non-firm costs would be higher than grid reinforcement costs,
assuming that conditions such as avoidable cost are the same are current ones.

In the topic 2 “Identifying requirements and issues in realizing non-firm connection systems”, issues
concerning extra-high voltage systems and power distribution systems were identified based on
information on rule design and business flow, etc. provided by OCCTO. For extra-high voltage
systems, issues required to be addressed individually from operational and institutional aspects, such
as system configuration and basic flow of congestion management, were summarized. For power
distribution systems, an example of system configuration was presented, and its peculiar operational
issues were summarized.

In the topic 3 “Study on the content and schedule of the demonstration test”, based on the result from
the topic 2, the system development size, the demonstration area, the demonstration content and
schedule in the next fiscal year and later were clarified.

In the topic 4 “Case studies on forecasting tools for renewable power generation and efforts for
improving the forecasting accuracy”, service tools provided by renewable generation forecasting
service providers and efforts for improving the forecasting accuracy in Japan and overseas were
investigated. The investigation indicated that it would be important to make efforts to forecast power
generation for individual wind farm and solar power generation site toward full operation of a non-
firm connection in the future.

In the topic 5 “Investigating overseas cases for a non-firm connection”, the related institutions,
operations and systems for overseas cases were investigated with a focus on cases in the UK and
Ireland, which have already established and operated the scheme.
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® 2 HHSOENEEFRT—HZERALTLS.
> JERALTVST—4F SMW DL EORADFEBHOF AL, HBREEBEFA (BD) .
FROAEEEDIEEZST,
> BEARBOL N TR RAOFESHRMER. ILMROMAZT -5, BESKTFREST
)L (NWP) . SCADA F—A%ERAL THEMICITHN TV,
> BREDFEBHEOEDINHEIOTAIBEIRSRML TLRL,
e BH.ZOFANRREICOWVT. EROFHAIT—HELEE U "Monthly Wind Forecast
Accuracy Report"ZFITUTHN. FRIFERZTERARIARIEL TLS,
o FHIBEEE. 6 BEICLOEFEET. 120 BRELFTOFAIBHRE 15 DIVTIERIE
HUTWVS, EirGrid (3. 2 DO FRANBIRZHREL . #EEHICEURZREZZLRNS. B5 1 937
OFREEL. ZTS1-USTET 1) WFISTERL TS,
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All-island Wind Generation and Forecast Accuracy for Primary Vendor
Wind Forecasting Accuracy Trend

——Measurement Oota Source  =——Vendor Forecast

o
&8 ;;-*'\‘ e d-"@ fs‘ e g-“\' f,@ f.@ e f.@ fo f_\s &0 ;p"' f.@ > f_@ f; d-"\‘ f.\v f.\v &
N gV 4F a7 4F & T T FT T T T FT T T T
Date
Wind Forecast Accuracy Analysis
15.00%
E o—NME = NMAE -~ NRMSE
jxom-
! S00% 1
£ oo — -
H N - B N N N 4
3 s A S A
s-mm-
*
-15.00%
Rolled Up Period
All-island Wind and y for dary Vendor
Wind Forecasting Accuracy Trend

3000
e Measurement Data Source  ===Vendor Forecast

R S S S S
f;f f&f&f&&‘&#‘f&# f&&,y“&*\«v\yﬁ&‘goﬁO.cf?&@ffé;f‘m‘e@ff

Wind Forecast Accuracy Analysis

15.00%
o NME e NMAE  —— NRMSE

-15.00%
Rolled Up Period

M 5-34 BRARBEOFREEMEMEOLLE (L 14#E. F:24H)

HiFT) EirGrid,  “Monthly Wind Forecast Accuracy Report October 2018”7 |, (2019.10.29 Bi%)
http://www.eirgridgroup.com/site-files/library/EirGrid/Wind-Forecast-Accuracy-Report-October-2018.pdf

2) BT —2DEE

T A7 RTiE, Grid Code @ PPML.7 (& CA B G B (B nTEE/ B 1Tk L
T, [EEM 28N T 22 ETHD A b~ A b (Meteorological Mast) Zi%{E3 25 Z &2
BHMHTHNTND
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® PPM1.7.1.2.2 The meteorological data signals shall be provided by a dedicated

Meteorological Mast located at the Controllable WFPSs site or. where possible and

preferable to do so. data from a means of the same or better accuracy.®

5-35 * v bY X DR

HFT) EirGrid, “WFPS Meteorological Signals Provision” . (2020.1.23 Fi%)
http://www.eirgridgroup.com/site-files/library/EirGrid/Met _Mast_Requirements.pdf

BEIFEBREEEIL. Ay b~ ME2#E LT EIrGrid Ic% L T R0 FT —% 2 42t4 540
ERHDH, BUGFT — XL, 1 DEICT — X 243 2 03035 0 0, EirGrid Z2%8H L CTHMED
DTRV—E AT a2 E N5,

JEGE (0~70 m/s)
JEE (0~360° )

X (—40~70 C)
SJE (735~1060 mBar)

8 HFF) EirGrid. “EirGrid Grid Code Version 8” . (2020.1.23 [#%&)
http://www.eirgridgroup.com/site-files/library/EirGrid/Grid-Code.pdf

9 WA EirGrid, “WFPS Meteorological Signals Provision” . (2020.1.23 Fi%)
http://www.eirgridgroup.com/site-files/library/EirGrid/Met_Mast_Requirements.pdf
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EirGrid NEMEEFEHRZIMO T O IZHTz> THELTWDLZ LiX, T—XDEMETH D,
RiEM7eT — 2 R EE T E TN T 5 LI THORBEREL D LHEHLTWD,
Z D7z Grid Code Tli&, A v b~A NTBUMI LT —¥ OiiEL 25%LL FICNDHH 2 &
DHEINTND

HEFFERIL, Lﬁ@T Z DOMIZFE T B B O R ENRAEZ EirGrid IC#ET 5 2 &

MBRHT DTV D,

(2) ZEEIZH 1T ZEHEEH

w95 &L 512, #[ED DNO (Distribution Network Operator) £&-Lid, T EICEIT D /2 >
7 7’~JA%I J;’ELH“ZS [ANM (Active Network Management) | % JEBH L TW\5, ZDT AT
LOERICY 725 T, £ DNO &b U 7L ¥ A AOFERT — XIS T BIROHIE % 5
ML THRY . WBAMDOT = v 7 LW REIRORE, MflEOREICIBNT, AR
ANF =DM N TRT =2 ZTER L THRWORBIRTH 5,

L, A% 0 7L T — e A0 R &2 &R L T\5 DNO X, THlE#HR % M
W, EHIRPRERICB T 2 RIRNEERE L2 ET, 7B T o b0 —E XD
EXRARLTEBY., IhaaRes 2 BA BT X —D ) FHICEID 2 BBl gE
EDHTNDE, ZZ T, 82HLHEEDDNO D H 6, LLFD 24LOBFFEFIZ 'y 7 T v
7L, TONEZEHL TWD,

® UKPN (UK Power Networks)
® \WPD (Western Power Distribution)

1) UKPN D4l

HE[E] > DNO T % UKPN TiL, East Kent Area CH = 38 ALK L 5 SAHHIH % ARl
I 578,  “Kent Active System Management” L9 7'a =7 b & EH LT, AEGLOH
T, ﬁi/’r’\%‘ S L EETPR OB AT TV 5D, FOMELY FRIZRT,

=3 THY —ANOELNDHERIE, 1-5 BEOOFE, ORNREERE, OKBEILREE
BEOTHITHY , TRIORIEIL L RFRHEAL L 7o o T D, FPRIO A = XL L LTI
BEHNTEY ., BEOEFET—# (weather, load, wind & solar generation) & U 7 /L% A
LDRET =2 2 iEM L TTPHIL TS,

ZIZTHBINTZTRI AT ANEOTHIT— 213, BIfE 33kV & 132kV D RO
WIEH ST\ 5,

10 HHFT) EirGrid, “EirGrid Grid Code Version 87 | (2020.1.23 %)
http://www.eirgridgroup.com/site-files/library/EirGrid/Grid-Code.pdf
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The forecasting module

Data Input Forecasting 1-5 day ahead forecast
Engine

Modet 1

- =

Historical weather forecasts —»

Oy
Owy 2
Load F. Oy 3 Mousty Load Forecass
Owy &
Owy
Real-time weather forecasts —»

+Wind Forecasts D-’; Pourty Wind forecasts
Day & tme features —» Dy

:b,' oy Souw Forecasns
Dwy 2~ Sotw ¥
+S0lar FOrecasts oo 3 1o co forecon
Dy 4— Moy Sk F crecants
Owy 5 Moy Soiar Forecants

Historical load measurements —»

W
2
O
z
w
W
Q
2
[
@
=
=
<
o
7]
o

Historical wind & solar  —»
generation measurements

K 5-36 UKPN A%ER L TLV5 Forecasting tool DHEE

HAT) UKPN, “Kent Active System Management” . (2019.11.12 Fi%)

https://www.smartgrid-forums.com/wp-content/uploads/2018/05/02.-Kent-Active-System-Management-
Luca-Grella-UK-Power-Networks.pdf

a. KASM [Z§ 1+ % Forecasting tool D HE 4

East Kent Area (21 937TMW Oy BUERNHE A INTEY . 2D 95 7T7T%% KIGEHE
ERSEENED D, ZONEHUERNPKEEAINTZRABICH L TENRY hT—27 O
M Z B D BT DI PRI — LV Z2 B3 L,

b. KASM T4T> T\ Forecasting tool D%

KASM TiZ TSO X TXDNO 726 U 7L Z A ADOEIRKE NEEOF — 2 #5345 L i,
KEOT =2 ZFH L THREBELOFEO TR EITO, Zihad GUI KON XML OF —# &
XN CREEEIT O,

F7o. T—HAOKRERHEDEVITONT HE L TWD,
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DigSILENT
PowerFactory

OSISoft
{stoian

Pi

@ -+ IBM Integration Bus

S

IBM DataPower

KASM Server

o— .-

CAS Viewer KASM Fie Share

Azure
Weh labe -

5-37 KASM D R T LR

HAT) UKPN, “Kent Active System Management” . (2019.11.12 Fi%)

https://www.smartgrid-forums.com/wp-content/uploads/2018/05/02.-Kent-Active-System-Management-
Luca-Grella-UK-Power-Networks.pdf

c. KASM TfT > TL\5 Forecasting tool ® %8I F%

Metered Data A B S Forecasting GUI |
+ S| CAJLA Data |
BSICA t BSI LB-le Data BSICA
Input ridge |
data Mg 5 ge |
ridoe Model Input Data  gEEEGE] ts
MetOffice Vet bridge E.uulliu—:u:er el e S —
User Application Data

FTP HI'BI'I.idg,_.,_ Orhemppsl
NG FTP G W o Model Engine :

5-38 KASMDFRRATLIVDY

HIAT) UKPN, “SDRC 9.3 — Installation of forecasting modules” .  (2020.1.30 ['&)

https://innovation.ukpowernetworks.co.uk/wp-content/uploads/2019/05/Installation-of-forecasting-
modules.pdf

Forecasting tool D A )5 —4 & LT, £ 5-121CHIF DL 2T —2ZFHALTW5D,

113



% 5-12 Forecasting tool DA HT—4

OSIsoft 1@ PI system ([CEDAIESNET 7 RElGNENELF NP N pin1==t-—(0Rc{ sV -]

BSI #® CAS 7—% RROBERERMETS

Metoffice HDOXIET—4 BEZEPV 120 FREFLFTO 6 BEETEOXRIET R

National Grid ORI FRIT—45 96 KFfEIZEETO 6 Bl E DR FRI

INHOT =2 2kt L, A AICIT 28, JB)FER, KGR ERD 0~120 I
MO THAE LTS5, 260 FICHTE, ATL=a2—F /L%y hU—2 (ANNs:
artificial neural networks) , AR — h X7 % —< > (SVMs : supporting vector machines) .
77 U—mBl, BLOETNOITHT o&E(LT VA X LR LTV D,

d. KASM T{T > Tl\5 Forecasting DR - FAIFEE

KASM Ci3A M THIZOW Rt S —t > FRREIT 9% %5 TV 5, —E DI UED
JFIRE LT, fHIT—2 D0 B3dH 5,

100

&0

@
=

MAPE (%)

s
=
e L Y

20

LOAD
Type

5-39 KASM [Z X 5 AR FADFEHHR/\—E 2 FRE

HiFT) UKPN, “SDRC 9.3 — Installation of forecasting modules” .  (2020.1.30 [#'%&)
https://innovation.ukpowernetworks.co.uk/wp-content/uploads/2019/05/Installation-of-forecasting-
modules.pdf

KASM (Z331F 5 KBEIsE & R 13 E O3 EE TR O " F PRI Z N1 10%, 17%
EWVIORERNELN TS,
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SCHERMZ LU, 7 v~ — 2 @ system operator 23 FH 9% B\ )38 FE DR E B THIO
PIRRZEIZ 10% CTH D S0 b, £72, o ST I, FET 2K EO KB
FEETHO —FPHHFAEIT 93% EHiEIN TV D,

60

50

5
o

RMSE/CAP (%)
w
o

20

SOLAR WIND
Type

K 5-40 KASMIZKAABGAREESIVRAIFEEETAOD_FRFEHRE

HIFT) UKPN, “SDRC 9.3 — Installation of forecasting modules” .  (2020.1.30 &)
https://innovation.ukpowernetworks.co.uk/wp-content/uploads/2019/05/Installation-of-forecasting-
modules.pdf

2) WPD D45

9%.@ DNO T& % Western Power Distribution Ci, TE/IRMICEIT D F#RMEZ @D 57

BHTATHY —/VTh % EFFS (Electricity Flexibility and Forecasting Systems) D4

%%‘: AL TV, ZOBHO—BE LT, Y7 by =T X ¥ —ThH% Smarter Grid

Solutions #E23BA%E L 7= Tl — /L Tlik, Al 2/ L CTATLT - BETRIOREEOSEZX -
TWo, BEEALLFITRT,

1 HiFT) Foley, Aoife Metal, “Current methods and advances in forecasting of wind power generation.”
Renewable Energy 37.1 (2012): 1-8. .  (2020.1.30 %)

2 [77) Antonanzas, Javier etal,  “Review of photovoltaic power forecasting.” . Solar Energy 136 (2016): 78-
111..  (2020.1.30 Fi'%)
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VR ———

'
T + + ' '
[ i i + -
CROWN EMu Power On
Asset Register Gls Control System

X 5-41 WPD A\#E%Ed 5 EFFS O E

HFT) WPD, “ELECTRICITY FLEXIBILITY AND FORECASTING SYSTEM”,  (2020.1.31 [#%)
https://www.westernpower.co.uk/docs/Innovation/Current-projects/EFFS/EFFS-FSP-V0-0-10.aspx

a. EFFS O =

A — i, BEa RGBT A — I BW T TFRIZIT ) Z L2 HE L TR,
132kV - 33kV ZRMICBIT A FEOT—%% 6 » A, 3 » A%, 1 » A%k, 1HEEL, 1 H
e 1EERIE &0 o T2 BB O BRI EE C I 2 560 LT\ 5,

% 5-13 EFFSIZBITAFHT—4

FT—4
GSP (Grid Supply Point: 400kV/132kV (CEEI2EEF) OEMEN. BIED
BSP (Bulk Supply Point: 132kV/33kV [CEE T 2EEF) OBEMEN. BIED
Primary (33kV/11kV (CEXIDEEFT) OBERE. BIHESH
AFNEREROENTE
PV. BVOREBILLIFRES

BAOFTRGETHT D2 LI2E Y, DNO WERIISRKD S ikt (BT « H S
%) TR L. WYRTEGRFECAN, BERDEZITO ZENTE S, BATHROTHNIZK
% DNO & B 2 R BEOAE AR 2 LU TR,
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= — { Directl .
Forecasting ‘i wntm;; e
Forecasting 4 ¥
Weather ™%
Data Generation :io':v":rl > Real Time Asset Control Interface
Historic ™= Forecasting as
Plant
e =&
l l Pricing l Dispatch Manage &
Reconcile
I Operations
Identify Requirement for flexibility Optimise Service Interface
Calendar =
AN o 4 C—f =x2 :] &
g % Reconciliation
Demand Forecast Netwark Constraits Reporting
DNO
Market Interface
Market
(e.g. Retailers,
Aggregators, NG) 7| g =] Respond =] Trigger

3
Flexibility Market (NG/Capacity/DSR)
w— = ' Bid ’ - ’ Confirm J - DispatchJ
—— - — | S—

K 5-42 FAIYV—ILZH-DSO DEHMHEZRELEIEDIY )21 — a3 DER

HAT) WPD, “ELECTRICITY FLEXIBILITY AND FORECASTING SYSTEM” | (2020.1.31 [4%)
https://www.westernpower.co.uk/docs/Innovation/Current-projects/EFFS/EFFS-FSP-V0-0-10.aspx
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b. EFFS IZH 1+ 5 FHIF %
EFFS TIX FEOT—X2 B A1 LTHWLALTWD

% 5-14 EFFSIZBITAAANT—4X

BIRREENDII1L—-33> web Y1k Renewables.ninja MESNIERRT -5
(R, BUE, B5IHRS

WPD Oi8ENEN G KEBESSMEL OBENFEROENFEEERET

GSP. BSP. Primary 2ZEBFIOERE

ANT—H &Iz, THET M X ->TGSP, BSP, Primary, TEFZOENFE, PV R
JRS DI ERE, EEN 30 SHEATTHT 5, PHIBIMIZ6 » A%, 1 » H%, 1 8EMH
Je. 1B, LEFEE CoTHIZENENET LT,

Flo, AT =IO TIE, TRIKRICIE U TENEZTT> T\ 5,

FHETAOT NTY XLE L BCEFRMSBERESET /L (ARIMA) | 2. & - &R
B=a—J 03y NU—7 (LSTM) | 3. A7 — A7 1 7K (XGBoost) #FJH L T
%o 30D TRFIEEZHNCENARO T EITo IR, @UICETNDTF 2 —=0T %
15 2Rk D b iE, HFEL LRGSO TPRKE 2> W25, LaL, ARIMA (X
FHIET V2R, Fa—=r 7352 —DOHENFRKEICREIEKFELTLED
LWV RENET BND, —F7. LSTM I% XGBoost & krifls L T T NE 5 He, Tl
T ILOEEERNEVETE > TND, LN TAERIELZ 3 DOTHIFEED S B
TiX, FRET L OMEEDRF G TO DO THIFEE D BV XGBoost 2MELE X LT 5,

C.EFFSIZ& B FHHERRUTFABE

ZOMEITCIE, 22— 27— L LTUTD 87— AT T XGBoost Z# V7= FllEF
M ED PR R EZRFLBERE L THEL WD,

#*& 515 FRILI-A—RT—ADHE

GSP(4x240MVA) 2016/1/1-2017/9/30  BIEH. EPNBHOBEE Y. A&
BSP(2x40MVA) 2016/1/1-2017/9/30  BIEH. ENBHOBESET 9. AFA—&
Primary(2x17.25MVA) 2016/1/1-2017/9/30  BI=H. EHEHOBEET 9. AEEH—=
BSP(2x60MVA) 2016/1/1-2017/9/30  BIEH. EPNBHOBEET 9. A&
Primary(12MVA+21MVA)  2016/1/1-2017/9/30  BIEH. BHEHOBET 4. H80—8
Wind Farm(12MVA) 2016/1/1-2017/9/30 BTN, EHEHOBET 9. SR, EE. BEH
Solar Farm(SMVA) 2016/1/1-2017/9/30  BIEH. ENEHOBEET 9. BEOSE
FIRBRER(16MVA) 2017/7/1-2017/12/31 BIEH. EHEHOBEET 9. HEH—=

HiFT) WPD, “ELECTRICITY FLEXIBILITY AND FORECASTING SYSTEM Forecasting Evaluation
Report” . (2020.1.31 B4%) https://www.westernpower.co.uk/projects/effs J V) = ZEMAF/ERR
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ETOL—RAT—RZEIT 5 THEE LY TRIORT, fHMEEZECH HK5E (Accuracy) 1T
UTFOXIICERIINTEY, FEED 100% D56 TR FZRIE & —F L, 100%0> HixE S
MBDIZONTHEN TR - TWND I EE2EWRT 5,

| (£ Elkw]) — (2 fETKW])|

ccuracy[%] (£ kW)

X 100

FIZTFTERNOBMEIZETORERIAT v 7D 5 b FEED 50%, 80% L 0V & i EFl-
TR AT » TORNEDO/R—k v NERTHDH, HlZIE, 2—AF7—Z2 1IZBWVT 6 » H
FEETOTHIL 6 » HRED 95 30.61% DRIV THEED 50%% EFEl>TW\WHZ &%
L TWS, £72, TR O 9 5 80%DEE 2 T v FI2H1F 5D FIINE O RS 53 FUEME (50%.
80%) Z B 2 7= a . TRIRERNFEALICIHZ 2 D& LiFkTHAA 74 IR TWV 5D, % 5-16
Da—Rlr—2A 1~5 1V GSP OFHIKEEE L2 TO PRI CRUEMZ FEl>TWhb—F
G, BSP, primary OELEDIKRWEBFTOES TR W IR EME LRI DFER L o7
HLONTEANETH ST, FFIC primary OFESTRIET VL, 6 » AEIZENTH 80%D
ERUER - L TR0, ERAAERTHET LV THD EVZ D, GSP OTHIEENE) -
TeEIR & LT, GSP O ENCEHEENDLEH) N Z— 7% BSP, primary &L T%< |
FRET ANEE Y — U B IELSBHECTE R0 EBELLND, 2— A — X 6~8
TR B DOREFESLKHFBTFEZOE) TN T, 1RO FRIZ RO TR
EZEonzn, 1 BEUBEOTHICE N TREL THBEN TFRA->TLE- 7,

3% 5-16 EFFSIZ& 2 FHRIEE

Time Horizon

Six

Month Week

Use Case Accuracy Months Ahead Ahead

Ahead

Day Ahead Hour Ahead

>50% 30.61 28.89 25.07 30.95 50.00

>80% 11.91 11.69 9.42 13.39 25.00
s [maww o e | we

pReey -~ | I I

>80%

>50% 73.48 73.41

>80% 29.88 33.75 34.10 45.54 52.08

>50%

UCS —Primary

>80%

>50%

UC6 — Wind
Generation

>80% 12.76 18.68 27.49 7173
Y >50% 72.28 73.08 77.38 76.19
S >80% 58.16 54.70 52.68 60.12
>50% N/A 66.66 71.58 79.17
UC8 - Large
>80% N/A 27.43 29.41 47.32

HiFT) WPD, “ELECTRICITY FLEXIBILITY AND FORECASTING SYSTEM Forecasting Evaluation
Report” . (2020.1.31 B4%) https://www.westernpower.co.uk/projects/effs
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L= R —A 1IZBWT, GSP O THIITAETOFRIAMICIBW Tl & 722 PRIKE 2155
ZEWTERPoTz, THUL GSP Mg T D BB EROARER) N F — MRS T
ETANFEELENRPSTTDTHDHEEXLND, £7- GSP kT 5 KA T4 1218
WE S & THT 5L, GSP &R %Z Tl L7k & bl U C TG [ Lz, ZiUdsZ
JEZHZ R L TP L72E D DEB N Z — L OB R G e oTclod Th D EEZ B
Dy =R —A1LIZEBITD 6 » HIE TO GSP KR L OELI LSO THNEE L. GSP
DENEINO TR % NN FITRT,

£ 517 UCLIZHITH GSP £ARE LU GSP 2R T AELEERICXT 5 FRAKBE

-266.4% 39.6% 50.8% 35.1% 60.3%

HiFT) WPD, “ELECTRICITY FLEXIBILITY AND FORECASTING SYSTEM Forecasting Evaluation
Report” . (2020.1.31 (%) https://www.westernpower.co.uk/projects/effs L V) = ZEMAFERR

-20 = Prediction
« Indian Queens SGP 180 - MW
-40
33 ] 9 -] Wl ) "] Y
QX‘“ 0\,0 o ) oV 2% o\v\ 0\41 0\.'1 o> 2 0,1.0
o & & & o o o o
2o 2 o 2O o 2oV 20 2 %

5-43 A—RH5—X1IZEITH6 n BERFETDHD GSP DEMENFAIKR

HiFT) WPD, “ELECTRICITY FLEXIBILITY AND FORECASTING SYSTEM Forecasting Evaluation
Report” | (2020.1.31 %) https://www.westernpower.co.uk/projects/effs

A=A 2B LV4 TIHE BITBSP Ol E O FHZI T, 2— A7 —A 2T
X6 » AME TOFRNITIVT 80%D Accuracy JEHEA /=9 Z LIXTEX o723, 1
AeE COTRIMM CIIME R PRKE 2 Lz, LML, 2— A7 —2 4 TEEDOTH
HIMIZH W TS 80%LL > Accuracy JEHEZ 723 2 & R AR oTe, 22— A7 —22 8
FO51CBITS 1 5 HEE TOTHIO Accuracy DEHTZZEH 89.4%, 24.7% L 727,
TR —A2BLO4D 1 5 ASETCOEHEN TR EZ UL TICRT,
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Forecast vs Actuals

= Prediction
< Cordiff MW

Nw
[V
o

- IQ
§ o © P A n ) 22 3
\6.0"0 \b,c\ \b,o\ \b,o\ _\6.0\ \b"’\ = 16" o \6,0\1' Yl
2° » 7® » »® ®© ® 7%

K 5-44 A—RXRH5—R2IZHITH 1 1H1BEFETDHDBSP DEMEHTRIKR

HiFT) WPD, “ELECTRICITY FLEXIBILITY AND FORECASTING SYSTEM Forecasting Evaluation
Report” . (2020.1.31 (%) https://www.westernpower.co.uk/projects/effs

Forecast vs Actuals

»
Cad

o
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U ¥
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o & O

o
Cal

-
o ¥

Date

K 5-45 A—RH5—R4IZHITH1HBEFETDBSP DEMNEHTRIKR

HFT) WPD, “ELECTRICITY FLEXIBILITY AND FORECASTING SYSTEM Forecasting Evaluation
Report” . (2020.1.31 F'%) https://www.westernpower.co.uk/projects/effs

=R =R 4 ORRT —F | I— R —2 2 LI L CHEMICEB L TS, 1o T
=R —R 4 TIETRETANEE) Y — 2 @B csd, ELS FHITHZ L
DSk M- T2 EEZBND,

22— R —A 3B LU Tld Primary (28T 2@ E N2 THIL, 2 TOTFRERIZIB
TE W TR &2 5oék L7-, 22U Primary (2350 5 B OEEMENMEL FHIET LN
EENE— L Bl LT ol e R E XN, 22— AT —A3BLO5IZB TS 1 %
A& ToOTFHID Accuracy D FE¥ITZENEI 94.8%, 80.1% L 7 HoT-, 22— A —A 3B K
W4 @ Primary I[85 % 1 4 A E TCOEMNE IO TREEZ L FIZRT,
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rreTICem mvar

Forecast vs Actuals

= Prediction
« Prince Rock MVAR

MVA

)
\6'0\‘0 A F
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i

K 5-46 1—RH5—R3IZHITH 1 HBEFEFTOEDEHLDFRKR

HiFT) WPD, “ELECTRICITY FLEXIBILITY AND FORECASTING SYSTEM Forecasting Evaluation
Report” . (2020.1.31 (%) https://www.westernpower.co.uk/projects/effs

Forecast vs Actuals

25 w— Prediction
«  Uynfi MW

22

K 5-47 A—RH5—R5(1ZHITB 1 HBEFEFTOEDEHLDFRKR

HFT) WPD, “ELECTRICITY FLEXIBILITY AND FORECASTING SYSTEM Forecasting Evaluation
Report” . (2020.1.31 F'%) https://www.westernpower.co.uk/projects/effs

I—R—AB6BLOT T, PVEBIORANBEEOREED THIEITo 72, 1RO
HE TN TEEVREE 2508 L7223, 1 B eLEo R 72 Rl kwri%ﬁ%&
DREE LTz, THUTRREEIZBT 2 FEHA R B DOEE) N7 — =0, b ST RS
72 E0E)E (T iéﬁ%;@ﬁm®%wﬁﬁbw kmﬁmkbf%z%mé o
HEBEOTANEE AU EI T L7-01I20F, FHET VCRSETRET VEMNZ D, 71385
e KRBT — &@Aﬁ%%zé&&%@%7w§¢®&%ﬂzgf%51% X, PV O E
HORBEOTPIBEZLFET H7-0OICF, ZOBE OXENRERN L2 HKEDOT —F
EANINIIMR DERDDH, L— AT — A G%J:U\Y BUIF5 1 BEETOTHIO Accuracy
DT ZFNTIN 71.9%, 73.5% & 72 oTlz, 22— A7 —R 6B DA SIFEEHL LV 2—
A —ATIZBIT D PV ENLEND 1 AL TORRE O TR Z L FIORT,
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Precictad MW Forecast vs Actuals

= Prediction
= «  Goonhilly MW

;.3 o ob o A ] 48

T 2l
g o o oo Pl g el o n\:‘ﬂ

Date
5-48 1—RXRH—R6I1ZHTE 1 BEFEFTORIDFEEHDOFEETRKR

HFT) WPD, “ELECTRICITY FLEXIBILITY AND FORECASTING SYSTEM Forecasting Evaluation
Report” . (2020.1.31 B%) https://www.westernpower.co.uk/projects/effs

m— Preciciion
+  AVSHFORD COURT FARH 3360 MW

MW
B

¥ W® 7 ot
,ﬂ,u" - & ey

549 1—XR47—R7IZHEITBH1BEETHO PV OEREFAKR

HFT) WPD, “ELECTRICITY FLEXIBILITY AND FORECASTING SYSTEM Forecasting Evaluation
Report” . (2020.1.31 B%) https://www.westernpower.co.uk/projects/effs

d. KASM & DF BIFEE D LB

KASM & EFFS [Z35[E D 33kV 35 L O 132kV OELERMICER LT=E I TFHIE VWD ST
HEL TS, KASM & EFFS 2 EN D TRIERZELZ LI FIRT, BHAM, PV, JA)%E
T N TOFHERZEICIB VT, EFFS 28 KASM L VW BN TV, 7277 L. Z O Pk E
DOI#IX, EFFS & KASM ClRILT—4%t v N CTRIET VOFE, 7 A M LTV Rz
B, MENBERR THDL L E2EETLINERD D,

% 5-18 KASM & EFFS #FNMFhDFHIERE

9% day ahead 3.5% day ahead

RMSE;;::::“W L 10% day ahead 8.4% day ahead

RMSE/Capacity for
Wind 39.95 17.37

HiFT) WPD, “ELECTRICITY FLEXIBILITY AND FORECASTING SYSTEM Forecasting Evaluation
Report” . (2020.1.31 F'%) https://www.westernpower.co.uk/projects/effs
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77— LNERERIET A O OHMARMIELE DL, )T 7y — AEROFIEHEZRD D
TeHOT7a—IFROEIIChDEZEXBND, FREFEFRIL v 77— LEBROHIE
BRODHIZODMFHHEDA Ty FE LT, FFEAED LR ISNSFEEZMEHTS
REBLTHDIMN, /77— LBRFEFL. ZOHBEEEZEEOE NSO LS5 LN
FCTHY, TODICHEORERMORBEH T EEET HMLERDH D,

J2I7—- hEBIREEE

XECEEEE

FEEHA TR

SRS BUEO/FL

FESTEIEORT FEFTEEDINE

/27— LhEiRHE
DRE

550 /77— LBROGHEZRODHDT7O—A *—D

ERIZBWT, RIZ/ 7 7 — LAERFEREFEN LT 2R EFEIE & EEROFEL )
L DN R E 2T lEN 5 &1, %E%%%%i%@f%%%ﬁbtv—y/%k%
SRERIDHEHT, /77 —LEBROHDHIEEIL, ZOREEE LIy —T 072
FREL o TLEI AREMENRSH D, 16> T, EREFEE L. BEOBWH I TRITERIC
FEDSWTHREFEELZRET D2 ENUETH D,

ZOBRIIID G, T 7 — LERFEELEOMBFE L BE L TR CEEE L
2%, ZOODOTRE LTI, UTFTOLIRbONEZ LD,

0 “NETOLARETIEHZY 72EOTFHENIEENSDOEFLNZ -T2, KV A b
THEMEZ I L2 TR 6 20 EEIcEARD & A4 N T E O TR CEHE
Thbd, Vr—ERATa XM F—D LD —):03#~1:“7< m ERRD HID,

o H—vrRTa A= MERTHEEET SR, ST A Mok A EEET —
20, A NOEERNEDT —F 2L T4 /Tx TED Z ENFEFICEHETH D,
INHDT—2 % Pl ZIEREFEEE D SCADA O —E A F o X — ik T &
DX A ERET S 2 LT FHREER BIZ o720 5 aIRENDN B 5.,
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6. BNMZBITS/ 277 —LEEBGEHNDRERUVEE

BN ETIHHAE ) > 7 7 — LHIEORBIA, IS I = HEE R R I L - Tl
HNTWDER, BABEICBITD 77 —LHIEO X512, v =K 2B E 2 TRHAR
%ixw%~@mﬂ%ﬁ5$mi@%_%ff#éo$afm\:®i5&$m®¢f%\
FRIZHIE L LTI L, EEANZSINTOWDER L LT, mEKROT A NVT 2 ROEHE
B B, ZORIECHIBE S AT A, BHEICOWTHEZITo TR E R LT,

B, AlEGRETHEE, T AT RUSMNT Y | RFTIEMEZ [BLEES 2 72 D1 i
ZIEMTH, b LIEFEREHRF L TCWDLEIIGFET S, KAV, A2V T, 77 AL
DEDOHITH L (FRZBI) , KFHETIE, [/ 77 =LAl AT AOKRFH ICEHA%
BWTEY ., WA ER S AT A, EHEHCTORBESD ZENEETHD Z LITE,
FEE- L AT AE L THNLL CWDEE-TANVT V REr—AAZ T 4 & LTHRY EIFT,
HEE e N AT L, EHAmZRET D &L LT,

& 6-1 RIFEMEIEDI-OHOEI R AINH I F—LDH

Y B RAYT(E, RERE MRS R ERTAE
ERAESN BT 3R 55 (BERIAET
e Feed in TSO4%t bRt ey

Management — DSOZit BL o cmese i a2 a v miem- Hnms T

}lf‘?%e
157 B BIrERGEE L. BENCERIERIEE
- EINTL3,
I I Egg;@éﬁon (T%”Oa) B XERHTE. REEREOHBICLZE I
PMFONBIERRHEEL T, REEEENRRIES
RIS EEGRRIR T2 3HAHN 5.
I32R
. B RRERORBELL T OIS ST S
I I ggqr?r:gction (Eggdol)s Smart Connection&EWSRAF—AxiRET, EIEE
BREERAT,
6.1 E[E
6.1.1 HIEM®

(1) / v 77— LEEGHEOME

1) /o7 7—LEEGOTEE

RKENZEBT D 77— LBEEGIL, AR XL — O &L K Z2 B, BlE
FROFIRINFEAET DY TIZRBW CGRBHER 2 72 T I M EBRER T 27200 %
T 7B AN—LTHY | FL— /LTI 5 BIRITBR AR O H I 2500 5, 72

125



B, HETIIEERFLICBWT / v 7 7 — 2GR E ILET SN TE 69, ilERKD
HTOHHE > TND, BARL R, BERFOERIIFHHINZZE LW, K
TR O I 2 T GUTIRMEIR DM T O TV D,

WED ) 7 57— DL TR R 0D FE i A FifE & Lf:ﬁ%f DNO (3 iz
xf LRHI &2 S b 720, 072, /7 7 — LG A R T 2 8 S keI
HIMHNCEE S 2 2 2RI LERH D,

J U7 =BG D Y ) o — 3 T, R NH B2 A TR T D IEK
D) Ty—haARXrrar, uﬁﬁ?ﬂﬁﬁﬂ*@%%ﬁu CEFRICHKETH 7 LF T Lax
7> a ., ANM (Active Network Management) X—AD 7 L X 7))V aRxy v a R ffF
3255, ANM ZHDIGEHR ST D

AHETITANM R—=2DT7 L¥ 7 NaRxyya NEREEE, E0OERERD )/
77— DGR ANM A — AOEH, VAT MMIOWTHEEIT-> T D, LU
B CHET D /) v 7 7 —2IBHEE ANM R—Z2 7 LX) ax s g U EIERLEZ

J 77— D A TR,
Connection Agreements
v

( Firm Connection )

Non-Firm Connection

y N Y
(" i e ) Specific Localised b (- Multiple or Distant
Network within limits
\: Constraints P K Constraints
[ Traditional Non-Firm \ ( Flexible \ / ANM Based \
Connections Connections Flexible Connections
No network constraints beyond Constraints/control actions Automated management of
the limited security of supply are specifically identified in constraints under predefined
associated with the connection Connection Agreement Principles of Access
assets. * Timed Capacity +ANM Schemes
* Export Limiting Devices *Schemes where ANM may
* Local Management later be integrated
\_ J  \_ " Intertrip Schemes i) % /
A e |
-

Flexible Connections

6-1 EHFH—EXDIERR (SPENBDAI)

HifT) SPEN. “Flexible Connections and Principles Of Access Policy”,  (2020.2.14 (&) |

https://www.spenergynetworks.co.uk/userfiles/file/ESDD-01-009.pdf

13 SP Energy Networks (DNO)
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£62 L2 Jd)axrsarn—&gL

ILFSTNARIZA>DI1T B

Timed Capacity DNO HWEFHAS L USRI ELNHIS(CHEL) HBEEENBRZ
HAIHIEYI1-23>
Export Limiting Devices BIRYA MOZEELRCGRESNEENFIHEEE(CLD, DNO ERBEEEM

TEMSREUBEEZBARVSERZEHIIFIFTEYI1-23>

Local Management Schemes BRYA NGRBEINARERBEMTE T —HOERZITV HEXT1—HIC
BVTERE. BE. BRBIVINFELELIBEC. DNO LRESEERTE
AIEEUEEE(RVWEBROL Nz —RH(CHIFIFEYY1-23>

Remote Intertrip Schemes FHPOERELEREICED 1 ERRU L ERR I ORHARERFC, DNO EF
EEFEER TERICIRDROSNLEBEICAEVEIROH 7% —BFRY (CHIH
IBYV1-23>

Active Network Management | U7)L94 AICRHfZERL. RRHIHINREET ZIH5E(C DNO NEESES
OERZEHIHEITDIVI1-23>

HiFT) SPEN. “Networks & Scottish and Southern Electricity Networks, Flexible Connections”,  (2020.2.14 fi

— N

&) https://www.spenergynetworks.co.uk/userfiles/file/Flexible Connections EN_GS.PPTX X v =Z#k
TFVERK

2) /77— LEEGOEADER

FEIZH T D ANM 1T, 2004 412 SSENYD 7 )L— 7241 Cdh % SSEPD® L A T A7 5
A FRFUT X % Orkney 7 5 CTOEEGE (Orkney Registered Power Zone (RPZ) Yu v =7 k)
THIO TFENER ST, Jt40rkney ## &I 0BERS KRIEASHTWT2D
Bl 72y BCBIR O Befee 1 3. SRAEHIFIIC i@ﬂ@éﬂf“kobﬂb\ﬁfmymﬁhmf%
LN ANM IZ LY KB RFEN OEEH ST 2% U T AX A L CER . Hi-724y
BERND DRELZ ) TIZ A LT 2 2 & T, REHERZ IR 0 GER O
FEDSFIHE & D D372 S 472, 2006 470~ & Hii &R T & 5 Ofgem (2 X % Low Carbon Network
Fund (LCNF) Tierl LFHEN D47 1Y = 7 MIFEE &L, Orkney Smart Grid 7' &2 o>
=27 FELTANM A% —AD h T4 T/V&BEE L, 2009 FIZHD T/ v 7 7 — LRI
BB SN, TO%, EEH 7 =—XZBITL, BT v 77— M LB LBITEICE
Do 7B Y =2 FTIIK 3,000 ARy FORFIGHREEEMITHF L, ANM VU 2— 5
NE50 TR FOBF A=A FTRASATLY,

Orkney RPZ 7t v =7 F &R T, ANTAZTA RRFZEOAE LT v k& LT Smarter
Grid Solutions (ANM Y U =—3 3 V&2t 50 5 —) BEsrEniz,

¥ SPEN OB L LTHETFTND

15 Scottish and Southern Electricity Networks (DNO)

16 Scottish and Southern Electricity Power Distribution

17 Scottish and Southern Electricity Networks, Orkney Smart Grid 7 = 7% . (2020.2.14 FH'%&)
https://www.ssen.co.uk/OrkneySmartGrid/ (255 TR,
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/_/Main electrical network

[#] Network measurement point

)

Zone 2a

6-2 Orkney Registered Power Zone D2 {k{&

HiFT) SSEN, Orkney Smart Grid 7 = 7% k. (2020.2.14 BH%) https://www.ssen.co.uk/OrkneySmartGrid/

Orkney RPZ 711 =7 h D%, LNCF Tier2 & LT, UKPN!8, WPDY, SPEN ® DNO I
&5 ANM ERER TN, TN ENBEFEEHN 7 = —XIB/TL Y, 7rny=2 T
MBREL LIz TUSN~DIREER S TESN TS, Zhbn7ry=7 MIeT
Orkney RPZ 71 ¥ = 7 MIBWTER SN ANM FiEEX—X (2L TW5,

LCNF Tierl, 2 ®xt& L7257 ANM FEiE 712 = 7 F 35 L0 DNO £&4kd ANM FiE
Wiz TRIZRT, 7238, BIE DNO &AM B (723 omiBie vy =2 F & LT)
TEUSMCEH ANM 2P =7 F&21To> T\ 5,

18 UK Power Networks (DNO)
19 \Western Power Distribution (DNO)
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& 6-3 & DNOIZHIT% LCNF Tierl-2 DFME ANM EFETAD Y FHE KLU ANM OE

ERRR

ANM EZETO0Z 17 ANM SZERIRE
SSEN Orkney Smart grid KEREH
UKPN Flexible plug and play low carbon networks (FPP) REREH
WPD Lincolnshire low carbon hub (LLCH) REREH
SPEN Accelerating Renewable Connections (ARC) REREH
ENWL? LCNF Tier1-2 O#BIE%Z 13z ANM SEIE@RBL BERICESTLBLY
NPg* LCNF Tier1-2 OB E%Z Iz ANM SEIEEBL EERFH

HiAT) Ofgem. ”Low Carbon Networks Fund 2017 First Tier Portfolio Reward”,  (2020.2.3 [#'&)
https://www.ofgem.gov.uk/ofgem-publications/118771 3 & T Ofgem. “Direction in relation to SSEN1
modification proposal”,  (2020.2.3 Fi)
https://www.ofgem.gov.uk/system/files/docs/2018/04/decision_to_direct ssen_not _to make a_modification.
pdf X 0 ZZERAFERL

3) / 77 —LEEERARKEUHRE

ANM (X ANM ' — > LB %5 DNO ﬁi?ﬁﬁw_ﬁkif: 7V v R (ZR) EEFTV
SLTHHEEN D Ry NU =T 2 U 7 AT, FIT 33KV ORI S AL EIR A O
WA ST\ D, FEEICBIT S 11kV ut%fvfﬁ IR 2 [B#RLLE) BEESTH S
DB, ANM OB & 7 2585 b HARNINC 2 BIERLL EORETH D, B, —E LV D
BIRG /77— MG T L COWABNIR NN, LVEAL U Z—Fy e LT
ANM [TFAED & = A FE BB 220, ANM 3 R st OB X 2 DL RIS w7,

20 Electricity North West Limited.  (DNO)

2L 2019 4 12 AR R TIE, FEREZ B Y =7 MITER S NI EOERZFRE . ANM Y — 2 Z2iRE LT
LTo ANM EEITAT TR,

22 Northern Powergrid  (DNO)

2 HHT) KEMA, “Review of Distribution Network Design and Performance Criteria” . (2020.1.20 f%)
https://www.ofgem.gov.uk/sites/default/files/docs/2007/08/kema_imperial_d_planning_review_final.pdf
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Transmission M Distribution CHP Generation Demand
network network Contract with the System Contract with the System

I
I Operator for STOR Operator for DSR
I
I Solar Generation Wind Generation Wind Generation
| Subject to ANM Subject to ANM Subject to ANM
I
I 777
|
1 D
400kV  132kV  33kV -~ = =
| L] ]
] ]
N / taa e Nttty Mttty
Voltage 33kV 1kV | 11kVv 415V
constraint 1 | [ ] .
\L : l oo
| i
Thermal i Voltage
lconstralm E ' con 5t|raint 2
s a3
ANM server

X 6-3 ANM BERAZRFEOHM =X

HiFT) National Grid, “System Operability Framework 20167,  (2020.1.20 Bi%&)
https://www.nationalgrid.com/sites/default/files/documents/8589937803-
SOF%202016%20-%20Full%20Interactive%20Document.pdf

F72. ANM 2BV THEBEFIIHIR L T Rn, EEEICER L TWD /7 7 — 20
HEEIRIX, SSEN @ Orkney ANM 7'z ¥ = 7 kTlE, 2013 4HF S CTRIAD R & 65.94MW (2
* L. ANM (2K 2/ > 7 7 — BB BEIR 18.54MW i, TRTES TR S LT
W5, £72. SPEN ® ARC 7t =7 FTld, &EOFEE 1615MW IZH L, /v 77— A
GBI IR T 99.5MW TH D . ZOWNFRITE S FEE DS 63.5MW, BEEEYFEHE 36MW &
JEB ) % s & LTk & 72> T D,

& 6-4 Orkney Registered Power Zone DERER (2013 )

EIRIER! BREE Ir—I)>T7— LB
Stronsay JEia) 2.7 MW 7— LZBYIER R
Flotta HZ 10.5 MW SEt82 26 MW)
Stromness K 7 MW
Siguird (Burgar Hill) R 1.5 MW
Thornfin (Burgar Hill) JEilya] 4.3 MW
Burgar Hill 5w 6 MW ANM BISD > T7— WBYEER
Burray (St Marys) |G| 0.9 MW BEHBE 21.4 MW)
Gallow Hill (Westray) EWa) 1MW
METC (Eday) EAH 4 MW
Spurness (Sanday) A 7.5 MW
West Hill (Flotta) R 2 MW
Braefoot (Shapinsay) JE1Wa] 0.9 MW ANM (C&B/>T7— LBYEEIR
Burgar Hill Renewables RA 2.3 MW A5tE&E 18.54 MW)
Cleat B 0.08 MW
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EIETER BES= T7—1L/)>I7— hBIHEGEEIR
Dale Spot & 0.08 MW
Eday Community (Eday) & 0.9 MW
Fea JEwa) 0.08 MW
Hammars Hill G2l 4.5 MW
Hatston JEwa) 0.9 MW
Holodykes )Gy 0.9 MW
Kingarly (Rousay) IEba) 0.9 MW
Ore Brae (Hoy) JEia] 0.9 MW
Rothiesholm (Stronsay) AW 0.9 MW
Spurness 2 (Sanday) B 2.5 MW
Thorkell Eba) 0.9 MW
Tuquoy (Westray) 5] 1.8 MW

HiFT) SSEN. “Active Network Management (Orkney)”.

— 9N

publications/88169/dglearning.pdf X ¥ =Z£#a

WHERR

(2020.1.20 ') https://www.ofgem.gov.uk/ofgem-

& 6-5 ARC OERER (2017 £)

BIRS (F22R) BIFFER BRSE  J7-0/)2I7—LEUEGE
o 1 - 6 Mw 7— LBHEHTERE
AitaE 62MW)
ER 2 23] 48 MW ANM (242> 07— LB ST
EE 3 oL 36 MW GETEE 99.5MW)
BE 4 B oMW
BR5 J255) 1.5 MW
B 6 B > MW

HiFF) Milana Pleca’” § et al..

withactive network management schemes”
https://strathprints.strath.ac.uk/60379/1/Plecas_etal CIRED 2017 Integration_of energy storage to_improv

”Integration of energy storage to improve utilisation of distribution networks
(2020.2.14 ')

e_utilisation_of distribution_networks.pdf

&Y = ZERAER

11kV DL FOEFR 2 x5 & Lz ANM FEFEOFH| & LTk, WPD Tl =25 S 7 LV

Connect & Manage & IFEITI D LV R A k5 & L7z ANM FEREDR & 5 73,

DNO (% LV %#t

PefeBIRIC AT LC, 2 A NE COMBEMNRE CTE R WEOHB N O EERICITEL 2o
7oo Oz, B DNO TH 2 NPg b LV & TH ANM DO FEFEZ &+l LT\ 5,

4) /v 7—LBEGEROEGERGSHE
% DNO OEHBID / o7 7 — L2TIBEGEIROE RN A % — L& FTERIRT, XM
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TlEX % DNO, HFrEf+ (Customer) TEILT S DNO AH Y | AN —I TV
A

& 6-6 &% DNO MO ANM BBEZEREIIRDEZ A

=8 ‘ ENWL ‘ NPg ‘ SSEN UKPN WPD SPEN

ANM S XFAOXB — E —Hg/ — % BE —
(YIhI17/1T) IE
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(RimEEAR FATkER) BE
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HiFT) Ofgem. “Direction in relation to SSEN1 modification proposal”,  (2020.2.3 &)
https://www.ofgem.gov.uk/system/files/docs/2018/04/decision_to_direct_ssen_not to_make a modification.
pdf XV =ZERUHER

(2) EERMOBKAAEEZBME LH LR Y A

BEE TR, BERHERIAEE 2 BRI L L2 ANM O, EERFHIFAEZ A& L
7= Power Potential &\ 9 7= 72 EFENFTET D, Power Potentlal IZ UKPN & TSO TH 5
National Grid ESO (T & 5 3&[FFERETH V. 5[ South East H1luk\Z THLEERAE D 3 BRI K
%EAK@E#%“@Tﬁ«wﬁﬁﬁéifﬁiw%ﬁﬁﬁ%a% \UMWSmew
BN T B BEIRN S OMNE NS L OENE 2G5, ®hET) - G2hE T
NatlonaIGrld ESO A ifisz &/ L CillET 720, M4E TH D ANM & 1IFH 72 v | National
Grid ESO 7 b3 BEIRDIEELNET) « ANEIREFEAEICK T 5 B2 AT AT
%, PowerPotential TkI5: & 92 RHHIK TG E N L THZET 27X B 7 0¥ —
E A% FRITRT,

# 6-7 Power Potential TR & T HRMEHNENIGHEZETHILFVEY T4 H—ER

MERET BRAFHIKY MiBREISILFIEUTH-EX

. KBRS 275kV/132kV BEROBEEFRLE . IBEFEAHEIEINES
o BEIFEERICHITB 275kV/132kV BEFTOBEERTHRE |- SERETHEEQTESDED
SESARIFHICHIIS 275kV/132kV BEFTOBGINIRE | - BdIErEMED

HiFT) UKPN & National Grid ESO,  “Transmission & Distribution Interface 2.0 (TDI1 2.0)” . (2020.2.14 B
%) https://www.nationalgrideso.com/document/103196/download % £ ¥ = ZE#aAF/ERL

24 DUoS: Distribution Use of System (FEi%%14:)
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Power Potential TlE, EEEZ A I U ZICBWTRERIFINFAE LIZBIC, FRTTHEL
f_’\ﬁflaaﬁ@ﬁ’ﬁaaﬁ A0 )1 D18 % National Grid ESO 7% UKPN (2%} L TIRHET 5,
UKPN (BRI LIEBEIE 21T 9 2 & TOBERORBE N 2184t 5, DHEROK
LIES JB U "C National Grid ESO 75y IR IC ) LIER 2179, A A—T%LIF

W7,

[1] NG instruction to DERMS: ‘ A E
REACTIVE: V set-point at GSP nationalgrid

A

ACTIVE: MW set-point at GSP
i | T GSP in 400 kV Transmission Network
PHAEY 1
2 | DERMS calculates free capacity in
[‘ ot s P . ty UK S -
distribution network and adjusts local Power Q
DER set-points to achieve NG instruction Nclwotks <€
at the lowest cost without violating .
distributi t k traint: 5 POWER POTENTIAL:
istribution network constraints LZJ DERMS | DER provision of
’i‘ E REACTIVE POWER
E DER local instruction by DERMS: and
REACTIVE: V set-point at DER ACTIVE POWER

ACTIVE: MW set-point at DER transmission services

E DERMS monitors the service I E - @ @

delivered by DER Aggregator
Distributed Energy (DER) in Distrib

X 6-4 Power Potential &R A A —

HiFT) National Grid ESO 7 = 744 k., (2020.2.14 %)
https://www.nationalgrideso.com/innovation/projects/power-potential/our-technical-solution

Power Potential ™ A7 A%, DERMS & FEEI D KSR RFN O EEIROEEE, SRR
FIOFTRB LN TAEA LRREREZIT O VAT LE2FROLICHER SN S, DERMS X
National Grid ESO ®»7 > 7 U —H—ERX T T v F 74 —L%ay fa—/Ltr ¥ —n5
TTRE SRR RSB RREAE R C2ZHE L, ARAROTFHRERE T T U —
P—bE 27T 7 — LT S, UKPN 1L, BOERIEH S 25 2 (PowerOn) 23MEA 9
% B R D IFH S/ BB IR O B ARG #% 4 DERMS (Z#iH#9 %, DERMS 1Z, U 74 A
LA TOMFHREZITRV, SEERICXT T A6l 5 % PowerOn #2H TEITT 5, Fiz.,
ANM & OBEANIEAELRNE S ANM V27 AL BEHE#E L T 5D,
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UK Power Networks Data Sources  pg..i time measurements National Grid Data Sources

Conflict of
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DER
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Distributed
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(DERs) &
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Other Data Sources

6-5 Power Potential @ < X T LiE

HiFT) National Grid, UK Power Networks, Transmission & Distribution Interface 2.0 (TDI 2.0) SDRC 9.2 —
Commercial and Detailed Technical Design®,  (2020.2.14 [4%)
https://www.nationalgrideso.com/document/103931/download
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DR—A LB,

® 27—V 2 FTr— %lﬁ@HHW®$T@T//H/1$L$¥%@ﬁF§%$

FNEFZ L0 RE D, FEMZ2H TIHIHI 38T 1 LIFO NEFF 23 B S5 T NS PR AESE
i, R S5, 7. SRFETRICEEVL, BRIC 2 7 7 — 2 A R LT DR

MW7 7 — DUPEGICEE T 5856 BEFES IO THERHIAZITV), RAEHER = R
NSt fiEE RO NERN D D,

Stage 1

sRequirement identified
for a Managed
Connection into an
ANM Zone

#Stage 1 Offer issued

*This is a high level over
outlining:
*Non-firm offer into

ANM Zone

ePrinciples of Access

HAT) SPEN., ”

Stage 1 Offer Accepted

eDetailed Curtailment
analyses undertaken
eDetailed design of the
Flexible Connection
Solution including
specifications for:
- communications
- third party ANM
control equipment
- Curtailment algorithm

Stage 2 Offer Accepted

*Position in LIFO stack
governed by Network
Access Queue

*Delivery timescales and
milestones agreed

*ANM Equipment installed
and commissioned

*ANM assets added to
SPEN ANM register

*Details of constraint ‘S:‘ng 2 nger prepared
- System Intact ; and issue
-FCO;
-SCO
L Y, \_ » 9 )

X 6-6 / 77—LREGKREIOEZRX (SPEN OF))

5 R EREEI
B fEdlE L RfEEI
27 | ast In First Out DM,

&% 1 [ AR,
£ % 2 [l AR,
wAEELDEZT,

Flexible Connections and Principles Of Access Policy”
https://www.spenergynetworks.co.uk/userfiles/file/ESDD-01-009.pdf
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2) EICEY 5 &R

) v 77— DREEG OFHATEE X, B ORGSR L LEOa X N Th D THE ST
e \ZBET A BLO F%%%%ﬁ&:%@#é%ﬂﬁ;ﬁi%%ﬁﬁ - PRI C 31T D MERR Y
M1z, TANMEgEZR, v A7 A, BEOHHEATH - ANM B2, 27 A BED
MEFF B ) 23O BN H D, 2D 55, [RESIC B3 2 008 TFE A - R 5
LRI DHMEFFE A ORI RFHER A FREES 50 7 T ZMICERE SN D T2, fERIC
)7 7 — DEEHR O 8 ORI AR RO LM AR SRR S FTRE & 72 D

7ok, HERHEE TRUCET 2B MILEE OB, /v 7 7 — AR E W T e <
RO E TGS D,
® Non-contestable?® Assessment & Design Fees GIAfh - #% &2 H)
® Non-contestable Connection Works (¥t T.5)
® Contestable?® Connection Works (#%f5: T.5)

# 6-8 TR T L DIT, UKPN O FPP Tid, /v 7 7 — LG A(TH 2L T7 7 — LM
Tl i = A b & 80~90%HIJH L 7 6 8 iE Sh T D,

%= 6-8 FPPIZHITE/ oo 7—LEBEHIX+

BRE (BFEREIENF) ERIERI BAU*EH A

DB
£881,611
=E B A 0.5 MVA £1,891,200 £234,779
EEC A 10 MVA £4,827,000 £590,818
BED [ 5 MVA £1,185,000 £649,788
EEE A 2.5 MVA £1,950,000 £157,137
EEF A 1 MVA £2,050,000 £384,711

HiFT) UKPN, “Flexible Plug and Play, 2013”,  (2020.2.14 [#'%&) https://www.ofgem.gov.uk/ofgem-
publications/88169/dglearning.pdf

3) BRAT-YDHABERKIE

BEFLEEL, 7 7 — DR, /7 7 — DB D & P RIRERS % 72 3B
BEOEEOREIC. HAKBEORKEEZ DNO L8515, FIT /v 77— A E
HAEns 33kv OD,\,’FT 1T I K C 50MW F COEENELARE L 72 AN, FEELEZ IR
(IR~ 2 i Bl LIRS & T D R R AR 5,

28 Non-contestable : DNO ¥ 7213 DNO 23387 L7 H¥EH I L A%
2 Contestable : DNO LIS D F3EE I K 5 1EE
30 BAU (Business As Usual) : i@% K30 O RHHEAR
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4) 70t AREFICE T HIHZERE L DIRR

%< @ DNO Tli&, Frfifi a2 LT 2 EFEL XL T 30 DHAOFFE - BE T =
7 7 A NV TSRS L0 S0 L2 B & A R R T S, SRAEIT ISV TR,
ESIZ 1R 2B L7 N-1, N-2 RIS 25l 2 £t 2, AR, SR
KEHE Y 7 b %ﬁﬁwf:ﬁ.ﬁ%%ﬂﬂﬁ\ A a RO K D IR SR CIRIRERIC L D FF
filiz47>T\b, WPD OFEFITIL, ANM ZEAL TWLEZ I TIZBWTA T v b T
— & L LT 2450 Lo E%Q%E (30 HTLEDO MW BLIOMVAND &, 4T U 7B
THHE - AT HETOEROEET 1 7 7 A VAT LITIEHL L TRYVIAAL TN S,
KB LR ORET 7 7 7 A /WE 2 FRNTEERE S T B E O EIR O 08 % FRITVERR
L. o2 TOMRRITHERE 100%H I LTT e 7 7 A VEERT 5%,

% DNO (2 & 2 #iill &7 O 72 O O IF AR MBI 2 0 #ilA & LR ISR,

& 6-9 % DNO [ & HHIFIETMD = DIFHRIRMEICEET 2B Y A

HETEHDH SFHEOIHOBHRF

REFEFH WU CRESEEE S TIFIEHTENTTELER (RRB
SSEN R, BE-RETOTI7()L 30 D1E. LIFO DIBLIRE) %igft, 2020 ££ 10
BUBF S E0EN Ol gERRETES — MEE TR,
SPEN FREEEE(TULT DNO i RiFFEFCE DSIHAELEEENFI S 217
UKPN REFEE(CTLT DNO KMRFFTCE DEHMUIEEIH 2212,
WPD REFEE(CTLT DNO KMRFfTCE DEHMUIEEIH 2212,
NPg REFEE(CTLT DNO KMRFETCE DEHMUIEEIH 2212,

HiFT) ENA. ”Open Networks Project Implementation of Project Outcomes 19th December 2019 Update”,
(2020.3.10 [#'%&) https://www.energynetworks.org/assets/files/lON-PRJ-
Monitoring%20Implementation%20-%20December%202019%20PUBLISHED.pdf & YV =ZEMMHERK

%72, DNO BEEHFEL IR T DFERME EFFHMH OB (UKPN OfFl) ZLITFISRT,

3L Open Networks, “Curtailment Assessment of Embedded SO Services 20187,  (2020.3.17 Fi'%&)
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F 6-10 FRIMFIEFFMBER (UKPN D 15l)

EE \ R
TR FDGT
=8 15 MW
POA™ LIFO*
AR AR EN I RES 18,057 MWh
ARV B A DB DR R 13.74 % (= %)
IHEEEURER 17,326 MWh
2 U R R 13.19 % (= %)
SR ER 731 MWh
s 405 %

HFT) ENA. ”Curtailment Process and ANM Reliability Good Practice Guide”,  (2020.3.10 [#%)
https://www.energynetworks.org/assets/files/fON-WS1-
P7%20G00d%20Practice%20Guide%20v1.1%20republished.pdf & ¥V =M 1ERL

%72 WPD D545, Capacity Factor (FIJH#) ORBLTHFM L Tk v | filRICHET S &
A% & 72 %, WPD IZ K 2 #ifi| E4E O FEANAS R4 LL R ISR,

K 6-11 WPDOANMIY)F7DHREE

2014 2013
Max MW 10.0 10.0
Min MW 0 0
Average MW 9.6 9.6
Energy MWh 84435 83744
Curtailed Volume | 3160 3856
MWh
Capacity Factor % | 96% 96%

HiFT) Open Networks, ~Curtailment Assessment of Embedded SO Services 2018,  (2020.3.17 %)
https://www.energynetworks.org/assets/files/Curtailment%20Assessment%20Process.pdf & ¥ = ZERbFE

ik

82 Principle of Access D&, H JIHINERF DU E S EE T,
3 Last-in-First-out DM, %AEE 2B L THflT 5400 %267
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350 December

November
300 10 MWh

October
250 September
August

200 JU'Y

Day

June
May

100 - April
March
February

0 MWh

50

January

C
0 12345678 91011121314151617 1819 20 21 22 23
Hour

6-7 ERIHNH TOwY ~ (WPD Dl)

HiFT) Energy Network Association, ” Curtailment Assessment of Embedded SO Services” . (2020.3.10 [
) https://www.energynetworks.org/assets/files/Curtailment%20Assessment%20Process.pdf#page=23

(2) A HIFINERF DRE S iE

ANM R F—AIZBWT /) 77— LG O &EIRIL, LIFO, %7213 Pro-rata®*d L — 1|2
BV 23217 5, ANM Z 32 74D DNO 4L ANM Y122 = 7 ~iZ k- T LIFO,
Pro-rata ZfE\ /31 T\ %, 723, LIFO X > 7 /L7 ANM A% — A% HEJE LT, Orkney
RPZ (SSEN) . ARC (SPEN) TZEiEX#1, Pro-rata ld / > 7 7 — LUEIR OB B % i KAk
THZEHHME LTFPP (UKPN) TEHiEshi-,

1) LIFO

LIFO TiX, BHHEEmN %A D /) 7 7 — LB ER D HELICImE S b, Hfl&E)
100%\Z S % & BIENENL S RIS VIR S B & 2 0 . sl &S +531272 5 £ THE
EIR A0 L7220 G Il B4 MR35, 18H ORHREE I W) TIEL A OBLA S LIFO
DN—)V BT 5, Lor L, MEEEIECIEEIC L D N-1, N-23R¥% F Tid, LIFO v—/L T
OIHFNILT U b RAHFIIEE ~DOFF G ENE WIRIZEIRNIH S D SR 57202 &
DD, SRFIC IS D IRMER A T & iR pr OB (Sensitivity Factor) (2 K 2 ffiiE& 1T
72 LIFO —/ LTIl 217 9%, OB, I RHEICBIT 5 ANM T EOBR S I
ARENRMFFIFREIC TG T D0, A v v aRficis il d ANM TiE, FFEDSME T TR
MAERIRHEHICHE D FEHE LRWERPBET LD THLS, LIFOIZLSMEDOA A —T %
LLFIZRT,

8 EAS A LRIy

35 Energy Network Association, “Industry-led Access RightsAllocation Group 20197, 2019, [#% H 2020.3.20,
https://www.energynetworks.org/assets/files/Product%201%20and%20Product%202%20Combined%20Report_V.1-
PUBLISHED.pdf & ¥
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Maximum [
economic level
of curtailment

Capacity Factor

Additional

1 1st 1t 2nd 1! 3rd 11 4th 11 5th 11 6th ! generation
.............................. connecting in

Nelcle] constrained
zone

6-8 LIFOICKAHAMFEIDA A —D

HiFT) Energy Network Association, “Open Networks Project”,  (2020.1.10 Bi'%)
http://www.energynetworks.org/assets/files/news/publications/1500205_ENA_ANM_report_AW_online.pdf

72, LIFO /b—/L FTid, BIEROIMHINERFTEARRICED D Z L1320, fiste LT
SP Energy Networks Ti&, LIFO /L—/L FICBWWTIHEFEELEN ) 7 7 — LB EIR O
M EZE O T TFEIHEBE I N TWD, [FFBIE Virtual Private Wire (VPW) & FEIENLTE
V. VPW TIIER L FEZMIEENZHEABRARET S22 LT, WEMYOREELZH
FHEPNE L, ANMIZE MG Ox844 &35, Rk ThiuX, RS FEZITHERN
REARAERETDOLENDH DN, VPW THEA~— A =X RTU &2 LZY A
TAEMEET D LT, ISR ERE L E AT, VPWIZIELLTF O 2 205
N5,
® T UTIVVPW: /v Ty — MREEHGEIRN FRNCTRER (F721L7 7V 75 —4) & VPW
BRIZFEATBL 2T, BRULAEBREZOFEE (VPW ZKFE) /\mé%rﬁffﬁ%‘é
oA, Z DK ANM 2 27 AIFEEMICK L RTU THIE L7 VPW BRIFES %
A D AR WEPEHCH A A2 4T 5 . $I2Y VPW FFIFF B33 L 7255813 LIFO JIBAT
WIRD ) 27 7 — NEPITKE LT %217 9,

® TvURYARLVAKRUR: )77 — MG ERNEINCEER (7237707
—H) ETwY RY A RLARAR AT EFEATEL & T, /v 77— LB ER
D &2 T DB, B ULERER (F37 7Y F—4) NEEMECEEL a2
kv —)L L7243 720 il & 2 b &1 5 07
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$000 kW
LOAD

' VPW

e ) TE @.

limitation

Permitted export )
is based on the ‘a DNO Network N
net value of - _3 ~~ boundary :
tered ti
'a'::i e(;emg::el’a on E O |—| Metered Demand
|
1
‘ Network Constraint

X 6-9 VPW®Harvt 7k

HiFT) SPEN. >‘Linking Local Power and Local People’: A Review of potential commercial arrangements for
facilitating ‘Virtual Private Wire’ grid connections”,  (2020.2.14 [4'%)
https://www.spenergynetworks.co.uk/userfiles/file/ARC_Learning_Report_Potential_Commercial_Arrangem
ents_for_Virtual_Private_WireSystems_Feb_2017.pdf

2) Pro-rata

—J7. Pro-rata TIZA&TD /v 7 7 — LAIBEG BRI K5Il B % Fd 5y~ %, Pro-rata |Z
L2304 A =D& UFITRT,
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.....

——————————————————————————————

Capacity Factor

Additional

I 1st ! 2nd ! 3rd '! 4th |1 5th 1 6th | generation
.............................. connecting in

constrained
zone

X 6-10 Pro-ratalZ&BAHEAIHEHIDA A —2

HiFT) Energy Network Association, “Open Networks Project”,  (2020.1.20 [#]')
http://www.energynetworks.org/assets/files/news/publications/1500205_ENA_ANM_report_AW_online.pdf

J v 77— ARG EIR O AN 5 &, BEFEROMHENREL 2D &
5. DNO I2X 2% ANM V' —r2IRD ) v 7 7 — MG EIR O B & RO B0 EIR
23 2 P& EROBENH STV 5, BE LR & ANM B OHI RO A S
b THEIINS, UKPN TIIBEOFIEZRA L, BEFEET D RAFIROT-DOE A%
AL CTREROMBIEE ST Z &2 5H LT\ 5,

BTl e b IRIRFGITE 3 2 NEF Tl 5 Fik, #iflE 42 G| < & 29l ifisoE
AN ELHEENTRESN TN D,
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(3) / v 77 —LEEGOERFRERVERERE

1) / ¥ 77— LEBEGOEEEEE

HKEORERMLD 95 11kV L BT TTEALEZ AL L TR0 | 6k 1 mEIEEZEE LT
RFOEM 21T > T D, FEED DNO T D WPD D #iRIR 7258 i 2 Bl 26 5 & Bl A
T 2 B0 10MVA OZEEZRPWFNCEWET 2556, 1 BEIFMEIERHIFR D © 1 [BIFIC4
TOARMRND Z LD, LERROERRED LRITH 5L SMVA (50%) & LT
Do )T 7 — DIRERROBANIT N SRR kwf%MWA%ﬁﬁﬁé%A#&ét
B, TOBMIYFEROH MG E1TO Z L /e (ka7 2 Pre-Event =) .

TDHZT) 77— AP TIL, ANM SR OB AR RO FIRZ 5 E L TV
WEBIR L, FIHIEFEA LIFO OE, Biiz 2Bkt 2 L3 2 BRI & 4 LI F ¥R

‘%%%ELT%%%EE%%?&%?%D\%@ﬁﬁbEiﬁ TR B AR ED 72 <
THHEM EREAR W E S 25, —F. Prorata DA TIX. /v 7 7 — LB BRI N
LT < IZod, BENTEE L T ERDS, émwmm;©%§<@m%%xié_kk
o TLEIZENMETH 72, UKPNIZ7 2= MG LT Pro-rata 50 LIFO J57
REZNETNEMALTRYY, fiEOGE, HEti A ®IC RRAZ waé UKPN @ FPP
TiE, ey MBI OREEEREIE o A B EE LD XD, R E EIRSERE
ST D

2) /) U7 —LEEGEEDER

YL[EClE, 2016 4 5 AREACIEHA SN TW5D 65 BATD / > 7 7 — 2GR (3.7GVA
YY) mEEFRINL TV D,
TCRTHIE, BETh0 ) o7 7 — 2BEEGRERIZMZ T, SRR I Tns b o
HE O 2017 RS OEFFERTH D GREVFHETOER, FONBEICEBH L V5 E
I

- 1400 = Flexible connection schemes
planned
1200

800
20 600

400
10

200
o I 0

NPg SPEN SSEN UKPN

® Flexible connection schemes
rolled out

Capacity made available

Number of schemes
w
o

Capacity made available (MVA)

K 6-11 /o7 7—LBEGICXSEREGH

HiAT) Ofgem. “Unlocking the capacity of the electricity networks” .  (2019.10.28 %)
https://www.ofgem.gov.uk/system/files/docs/2017/02/unlocking-the-capacity-of-the-electricity-networks-

overview.pdf

3% Open Networks, “Curtailment Assessment of Embedded SO Services 20187,  (2020.3.17 [#]%)
37 UK Power Networks, ”Flexible Distributed Generation (FDG) FAQ”,  (2020.3.17 (%)
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F72. UKPN O U 72T 2019 4EHE ST/ v 7 7 — 2 EEEIR & L CRBEE L T
AEFIT23H VY . BMAEEIT LLIMW Lo TW5E, Bk SN TWAEBIRONRIZLLTD &
By Thob, 38

6-12 UKPN®D/ > 77 —LEEHG (REd) ORR

HiFT) UKPN, > Metered Demand and Distributed Energy Resources Customer Forum 26th September 2019,
(2019.10.28 BH'E) https://www.ukpowernetworks.co.uk/internet/en/have-your-
say/documents/COMBINED%20Metered%20and%20DER%20forum%20Sept%202019 FINAL.pdf L ¥
MRI 1ERk

(4) REEHFE & U HIMF O HIE

1) REFHE L VHAMFHEO D v D

ANM TliE, FEICEEFNOEE, i, EHOMEICET 7%, /77— 2805k
BIROERT — 2 BLUSRM AR V=00 RFHRBAHE L /v 7 7 — DGR IR
~OHFTHNEPHIE 21T 9

FREOT — & & BT LT R filR A HEOHE HIECIR, Fila 8 U Rfe Tk
PEFABEEZ B2 25 HEEIT O Pre-event J720, HIFERHE CHRERIC F41HE 23 18 H B E
B Z T2 a I HIE 21T 5 Post-event J73, Witk DL~ G o TH % Partial pre-event J5 3.0
3ODHANRH D,

4% DNO Tl Pre-event 5720 721X Post-event R FIZEH STV 5, Ly L, Pre-event
TIXFEBRITITRMHIFIDTAET 2080 O TRl EL R L TR LERH Y | w7
& L 2 D RSN B o7, —J7. Post-event TIZRIBFNHIALEE AR D B D Z &b,
FANE R SN — L THHPHIB 217 5 BERH YV . RFEHIFIMIEIC T L2V
PR dET RN D -T2, £ 2T, WEORMBEAZHEMT << WPD 23817212 Partial pre-
event FXAZBRLEHL TS,

% UKPN, > Metered Demand and Distributed Energy Resources Customer Forum 26th September 20197,
(2019.10.28 FH'E) https://www.ukpowernetworks.co.uk/internet/en/nave-your-
say/documents/COMBINED%20Metered%20and%20DER%20forum%20Sept%202019_FINAL.pdf
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a. Pre-event A=

Pre-event HI3, T X D RNCHEHIEE 21T - 72 T, MBRMO MR Fik %
HELZRR ECEHORMEZE A 508 5 a1+ 2 5Th 5, KHFATIE, ANM
VAFAET A N —APHT AT Y RAC L) HREORHEAEET S, dRLH
DERT —H %&b L2, BHEERHETO Y T A MR 2TV (i3 y 7 7y
TT =T NINHEN) | BRI KOOI ES 2T 5, (B, YT AZA A
WRRITR T Y 713 A v v 2 R, BENRM TR D, ) HWOMGIRALERSGE&IE, V7
IVH A DEFREIERE R L LIFO O—)b (72X LIFO IZEESL Vv 2 T v I T —T L)
\ZWE> T/ o7 7 — 2RI LTl &2 Bl U, HAIiE R~ 2175, —8o
Tt ALV TNNEA LN TITOILD,

AHFRIF, EBRTITREHIODFAE L WIGAE THLIH 21T /liEERH 2 Z L b,
REZRMHN 2L RGNS D2, M0 TR A~FHEAE - 5@iE - FIEOBIEIC S & 5T
M2 HD EWVIRENH D, LLFIC Pre-event U E T 236 2 e+ 5, £X
DRSBTS IS 1T DI, AT S FHRERAFNC I 1T Dt 2~ 3, ANM 134 KOk RE
ZHE L, EIE G712 24MW O] (100%040H]) & FEIE G6 (2 12MW D#H] (26MW
25 LAMW ~Ddiil) ZfR1 2,

Conditions immediately after fault outage of

Intact network

circuit between GSP and BSP 1

GSP
asp
(GE)
BSP 1 @ 45MW
——@4sMW | e ca
G4 6 curtailed 18MW <3 G6 curtailed
curtailet (: by 12MW
(€3] by 12MW 26MWe BSP 4 v
BSP4 s ol
""" Ge @ o 14MW
H(Q e 2 1amw | 18MW
— > 18MW
BSP3
BSP 3 ) e
BRE — S8
—@—_GZGMW 21MW O _@-_—D‘lBMW
> 18MW G3l.......— 1T L.l
lod——>
G7 fully curtailed ——> & G7 G7 fully curtailed © G7
oMW oMw

6-13 Pre-event J7 31T 2 #ifi

HIFT) WPD,  “Network Modelling and Analysis” . (2020.1.24 %)

https://www.westernpower.co.uk/downloads/4076

b. Post-event A=

JelZERBH L 7= Pre-event 520 TIE N-1 (N-2) 3 &2 1T - 72 BRIV 1 25 & AU X &

¥ FORBEINTLEN =V, Ny 7T T T —T MK O MR RALER A B 5 2 & A3 HTHE,
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1179 (BIh, Z O ST BARIXEE 28 % T7wy) oIkt L, Post-event 20Tl
FWFRI T A AT, BEEZB L CVWD 2 E AR S NAUZHIIHE 24T 0 L0 b ol
2o TS, RERTIE, ANM VAT AT AHOERT — 4 &2 L, Vo 7T v
T T =T AZHE BRI KON NS A W S IS B e G
%, LIFOIZEEAS Ny 7T v T =T IHE, 7 X7 axy va CERICK L
THAMHE TR 21T, —HEO T av 23V TAX A L GBAREEND LBLUN) TfT
bivd, HAMmEZREEIZATO BRERH D Z E0D U TIVH A AR RE I S /s
VY,

AFRIT N 7T v T T =T NSl TH D Z & n | BmREIZ2IHIC D722 5
AREMEDR B D L W) REDBBH D, RFIRHEA N2 3 RAET 2 £ CEIITMmE S
W2 IR NI o FE D L R D RN & D &V S AN B 5, L TIZ Post-
event U T D INHIBIZ LT D, AKAERERERFTICIT 2R, AR FHR R
MICBT D E /R~ T, ANMIZAKOREN A LA, EF G7, BFH G B LW
WIR G5 IV v 7 T v I T —TEVRRN DUV BES D, ZDOFRERAEE 7T6MW O
AR &5,

Conditions immediately after fault outage of
circuit between GSP and BSP 1

Intact network

GSP

G6
—©26MW
> 18MW

G5
—026MW
> 18MW

6-14 Post-event J57 2 1 B 5]

HIFT) WPD, “Network Modelling and Analysis” .  (2020.1.24 &)
https://www.westernpower.co.uk/downloads/4076

c. Partial pre-event Az

Partial pre-event /720i, Pre-event 5 & Post-event XA kA G OE - THDH, K
J7 T —H# % Pre-event J7=UTHIMI LoD, #£Y % Post-event 233842 L 7z ERIZHNHIT 5,
Pre-event 5 =IC K 243 B 72 il R HH 28 ATRE 72 sl AL B v &0 7 & & 27 I Post-fault
FUT K 2 BIREH T ENHI S ATRE 72 S AT AR D H L b,

146



AFGHTIL, Pre-event O &4 HIJ T &, Post-event T XA fAGHELZ & T
PR 2 JOAE C X D aTRetED & 5, LA FIC Partial pre-event 5223517 2 #ifil 51 2 Frag
T %, ZERDEHERERFEIC I DM, AN FHIREREIC BT 22779, ANM 1%
F B DIRRERFIZ R AT HFI T A 2 4R E L C, IR G7 IZ 15MW 1] (24MW 725 OMW ~
O R AT 5 IO RFEHIFITEAERZ, B G7 (2 IMW O] (100%4i])
B L OEIR G6 12 12MW #71] (26MW 725 14AMW #iiil) $8=%2 3%, TORE, BINT
At 2IMW O H B3l S %,

Conditions immediately after fault outage of
circuit between GSP and BSP 1

Intact

G7 curtailed by 15SMW ——>(©) G7 G7 curtailed by 15SMW ———>© G7
IMW IMW

6-15 Partial Pre-event J5 2035 17 2 $451]

HiFT) WPD, “Network Modelling and Analysis” . (2020.1.24 (%)
https://www.westernpower.co.uk/downloads/4076

Pre-event /72, Post-event /72, Partial pre-event J5 2o i A4 3315 % A+ H 40|
B4, LLFOFR 6-712077, LLFOFEHI T Post-event SN &N K H KE L 2->Tn
DL, FINENOMGIF RN R D720, L0 BWHIE T Pre-event J5 =N il & A3
Post-event 5% A5 AREME S & 5,

& 6-12 A HIHITTXOBN IS %A =] £

Strategy Pre-fault curtailment Post-fault curtailment Total curtailment
Full pre-fault

curtailment 36MW oMW 36MW

Post-fault curtailment | OMW 76MW 76MW

Partial pre-fault

curtailment 15MW 21MW 36MW

HIAT) WPD,  “Network Modelling and Analysis” . (2020.1.24 [#%&)
https://www.westernpower.co.uk/downloads/4076

40 Full pre-fault =013 Pre-fault 52 &[R35,
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2) BRAFFICE T 5 R HIFIFIRT DRRE

a. RMOEATEICKH L-REDEKE

ANM Dl wfi RAEOTEMAR BTG CT-BEAK T N TEY | H5REOH
Wi (ET T FHCRF 2 ARE L72ilit) SEEIZET 2 & ANM 2 27 A0 BfilEHE 523 15(E
s, %miﬁ%@i_ﬂﬁéﬂAT@ﬁ YEINTEY, %m#%ﬁ%ﬁzta®77
Va UBENENRE SN TWD, EEOBMEOBRSZ2FETIC LY | EIR A SISERT 2
ZEWRNE D AL AT 72 o TN D,
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Sequential Trip BEREE0 95% Trim IR CRZFTILFS TN AR EREE Ny
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HiFT) UKPN, “Flexible Plug and Play”, (2020.2.3 Bi%) https://innovation.ukpowernetworks.co.uk/wp-
content/uploads/2019/06/SDRC-9.6-Implementation-of-Active-Voltage-and-Active-Power-Flow-
Management.pdf 3 1. O SPEN, “ARC Closedown Report”,  (2020.1.24 [4%)
https://www.spenergynetworks.co.uk/userfiles/file/ARC_Closedown Report.pdf & © = ZERAFER
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HFT) UKPN. “Flexible Plug and Play, 2014,  (2020.2.3 &) https://innovation.ukpowernetworks.co.uk/wp-
content/uploads/2019/06/SDRC-9.6-Implementation-of-Active-Voltage-and-Active-Power-Flow-
Management.pdf

41 Open Networks, “Curtailment Assessment of Embedded SO Services 20187,  (2020.3.17 Fi'%&)
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HIFT) UKPN, “Flexible Plug and Play, 2014”,  (2020.2.3 [{]'%%) https://innovation.ukpowernetworks.co.uk/wp-
content/uploads/2019/06/SDRC-9.6-Implementation-of-Active-Voltage-and-Active-Power-Flow-
Management.pdf & ¥ =ZERFERL
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HiFT) SPEN, “Accelerating Renewable Connections — Implementation of Active Network Management”.
(2020.1.24 (&) https://www.etip-snet.eu/wp-
content/uploads/2018/11/1.%20SP%20Energy%20Networks%20-%20Euan%20Norris.pdf & ¥ =R
TERK
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42 SPEN, “Accelerating Renewable Connections - Implementation of Active Network Management”,
(2020.2.14 B4%)  https://www.spenergynetworks.co.uk/userfiles/file/ARC_Closedown_Report.pdf {235 & 52

£

43 SSEN. “Northern Isles New Energy Solutions (NINES) 7 =71 >, (2020.2.3 f1'&)

https://www.ssen.co.uk/NINES/
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EIR 30 A5 (11kV) 0.5 MVA 1.84 %

HiFT) UKPN, ” Flexible Plug and Play Low Carbon Networks Project Progress Report December 2014,
(2020.2.14 (') https://www.ofgem.gov.uk/ofgem-

publications/93043/fppprogressreportdec2014v1.0pxm151214withsignature.pdf = ¥V =%
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HIFT) UKPN. “Flexible Plug and Play”, (2019.10.28 %) https://innovation.ukpowernetworks.co.uk/wp-
content/uploads/2019/06/SDRC-9.6-Implementation-of-Active-Voltage-and-Active-Power-Flow-
Management.pdf
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4 UKPN, ”Flexible DG connections”,  (2020.2.10 (i) https://www.ukpowernetworks.co.uk/-
/media/files/internet/services/documents/flexible_dg_connections_assessment.ashx
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4 Ofgem. “Five Year Review of the Capacity Market Rule - First Policy Consultation” |  (2020.3.15 %)
https://www.ofgem.gov.uk/system/files/docs/2019/04/five_year_review_of the_capacity_market_rules_-
_first_policy_consultatio_0.pdf

46 Centrica, Statutory consultation on changes to the Capacity Market Rules 2014 (the”Rules”) pursuant to
Regulation 79 of the Capacity Market Regulations 2014 (the “Regulations™)”,  (2020.3.15 [{%)
https://www.ofgem.gov.uk/ofgem-publications/132665

47 Elexon, “Active management of distributed generation” .  (2019.10.28 Bi%) https://www.elexon.co.uk/wp-
content/uploads/2015/03/Active-Management-of-Distributed-Generation_March2015.pdf
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HiFT) Energy Network Association, “Good Practice Guide”,  (2020.2.14 %)
https://www.energynetworks.org/assets/files/news/publications/1500205_ENA_ANM_report_ AW_online.pdf
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HiFT) Energy Network Association, ”Good Practice Guide”,  (2020.2.14 [#%)
https://www.energynetworks.org/assets/files/news/publications/1500205_ENA_ANM_report_AW_online.pdf
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HiFT) UKPN . “Market-Based Curtailment Management: Initial Market Design Options Considered” (2020.2.14
%) . https://innovation.ukpowernetworks.co.uk/wp-content/uploads/2019/10/Energy-Exchange-Intro-for-
customers.pdf
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ez RT,

49 2020 4E 1 HHI#E. CRU (Commission for Regulation of Utilities) (2 72 AR5,

% CER. “Firm and Non Firm Access to the Transmission System A Decision by the Commission for Electricity
Regulation,2001”,  (2019.12.4 B{%) http://www.eirgridgroup.com/site-files/library/EirGrid/CER-Direction-Firm-
Non-Firm-Access-to-Transmission-System.pdf
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TANT > RIZBWT, 2001 42/ > 7 7 — LRIBEGHIE 238 A S /= 4410 B 1T
T ROMMIELT, HTLRMICHEHE L KO & T 28BN BB A2 2T IERT 5
TEMTEDLEICTHZEThoT, REIICERRTE L L OI2T 52 & T, HBERNT
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51 CER, ” Commission Decision on Future of Direction on Firm and Non Firm Access to the Transmission
System”,  (2019.9.17 B'%&) https://mkOcruiefjep6wj7niq.kinstacdn.com/wp-
content/uploads/2003/07/cer03036.pdf

2 27 Y o—Eix, 110kV ZEEFEENFEL TV D

163



ZHME LD TIEAR <, 2ERIC ﬂ?“é?%ﬁﬁé@h%ﬁ?aLt%@f&;éﬁ)%fé@é e
72U, BUfE/ 7 7 — 2REEG A EH STV D ERITIZEESER & WV ORI TH 5,

4) /o7 7—LBEGEROERERAES

TANT RIZBWTIE, RIS 7 7 — DB T 7 — DA 72 572,/
v 77— DREGEEIR O R AL, Ty — A EROFE A & XK STy
720N, BEAF O IEE R EIR 2 Pl 3 DR OB | $Eipi i as 2 1 L 7o R F 803 3

FEFELIT, 77— 2B, 7y — 2RI b TR A RN T, T
?Xﬁd7mthE SN MBI S — T AOMOFEFEE LB 3T 5, —FT

FEFETIL. BFOXEERTITKT 2 R0 E H A2 AT 208370, EirGrid (34
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1) GPA 70+ R4DE

EirGrid 1%, i EIRO BB & 2R M ik im sk & B 1912, GPA (Group Processing
Approach) 7'v- A% 2004 4F L 0 B4k L7z, EirGrid £ GPA 7' m& R L > TREJ)Z Hl»
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5 CER, ” Group Processing Approach for Renewable Generator Connection Applications Connection and Pricing
Rules”, (2019.12.10 B'%&) https://www.cru.ie/wp-content/uploads/2005/07/cer05049.pdf

% CER. > Direction on Resuming Connection Offers to Wind Generators (CER/04/381/)”, » CRITERIA FOR
GATE 2 RENEWABLE GENERATOR CONNECTION OFFERS(CER/06/112)”, ” CRITERIA FOR GATE 3
RENEWABLE GENERATOR OFFERS & RELATED MATTERS(CER/08/260), |Z 5> = i,
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HifT) CER. “Group Processing Approach for Renewable Generator Connection Applications Connection and
Pricing Rules”,  (2020.2.17 [#]%)  https://www:.cru.ie/wp-content/uploads/2005/07/cer05049.pdf
K Y ResLEGAL., ” Grid issues in Ireland”,  (2020.2.17 (%) http://www.res-legal.eu/search-by-
country/ireland/tools-list/c/ireland/s/res-e/t/gridaccess/sum/148/Ipid/147/ L VW = ZEHaRFERL
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6-25 GPA 7O+vRIZEBITHT7HIEABEFIE

HiFT) CER. ” Group Processing Approach for Renewable Generator Connection Applications Connection and
Pricing Rules”,  (2020.2.17 B3%) https://www.cru.ie/wp-content/uploads/2005/07/cer05049.pdf
£V ZZERBHERL

3) GPA 7O R THORMMBHIIZE DI FAQ DEIY ZTHE
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https://www.cru.ie/wp-content/uploads/2005/07/cer05049.pdf
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% CER. ” CRITERIA FOR GATE 3 RENEWABLE GENERATOR OFFERS & RELATED MATTERS”,
(2019.10.30 ') https://www.cru.ie/wp-content/uploads/2008/07/cer08260.pdf
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HiFT) EirGrid,  Proposed Constraint Groups arising from SEM-11-105 “,  (2019.12.7 B%)
https://www.semcommittee.com/sites/semcommittee.com/files/media-files/SEM-12-
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5 CER. ” Treatment of Price Taking Generation in Tie Breaks in Dispatch in the Single Electricity Market and
Associated Issues”,  (2019.12.18 %) https://www.cru.ie/wp-content/uploads/2016/07/SEM11105-Treatment-of-
Price-Taking-Generation-in-Tie-Breaks-in-Dispatch.pdf
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5 EirGrid, ” ALL ISLAND GRID STUDY STUDY OVERVIEW”, (2019.12.10 [#'&)
http://www.eirgridgroup.com/site-files/library/SONI/documents/Projects/Publications/11-
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59 EirGrid, ” GRID25 Implementation Programme”,  (2019.12.10 [#%) http://www.eirgridgroup.com/site-
files/library/EirGrid/Grid25-Implementation-Programme-2011-2016.pdf
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o.com/documents/EirGrid-and-SONI-Balancing-Market-Principles-Statement-V2.0.pdf

62 SEMO, ” Business Process BP_SO 10.1 Perform Long-Term & ShortTerm Scheduling”,  (2020.3.11 %)
https://www.sem-0.com/documents/general-

publications/BP_SO_10.1_Perform_Long_Term_and_Short Term_Scheduling.pdf
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- Ir-NEIr-LOBETRE | z’ Jf}j}ﬁi‘i;%%i RS NZE.
HEFEOEBIGE. )‘Jﬂﬁg - - MECH'10MWELFOI1 ™y
- ISP hERAG, BETBA . AL E CE AR
OEMHT RS

HIAT) = ZEe T ER

GG TD ) v 77— DBEGRAEROR Y N OEFIZONWT PRt TR 5,

a BETH

I-SEM OFETHHZEBIT D/ 7 7 — DB AREOTY #2 %, SEM-15-10377Z2 36T
BENED SN, fEdwe LT, /v 77— LB RES 7 7 — MG A & L REDS
bbb tiroi, &BIT/ 7 7 — ARG REN T, RETH~OSNHEEE
ERRENDEVIHIRHEETHLON TS, ERRO XD RREN RSN RIT TR
DNTHD,

& /Ty —LRENLREBNGHICANLTEL LT HI LT, FENTGOBSZE
L. MGORFLEEEZED S0,

® Al L VMl ZZ T T FENGOY 7 UA T AL MR ngGE, XL
TA—HHOEMLTHDS Z L AROLFEEDOERN LN -T2, — T, BIMENRF
NT 4 —FERRET D TEE LT, /77— LB R Ry ORETS~O AFLZAT:
BEETrz izl

¥, LRROERO T T 77— MR BTk LTI A R (R ETSIC ALY
HEE, BRARICHEZHIT 2 Z L TED D AMLER) 2/hSLTHrREHEINTN, /v
77— MUPHGRBEOTSBAE T 5 L, A S eh o7,

b. ATETIS - HE™IG

I-SEM OFERiHS THHRTH TS - YHTHICBITD /) 77— 2R R ED
UM E, SEM-15-06478[Z W CTHRENE D Hiviz, fhime LT, /v 7 7 — LBIBGR

U4
H7

S

" SEM. ” Integrated Single Electricity Market(I1-SEM) Capacity Remuneration Mechanism Detailed Design”.
(2020.3.12 %) https://www.semcommittee.com/sites/semcommittee.com/files/media-files/SEM-15-

103%20CRM%20Decision%201 0.pdf

8 SEM, ” Integrated Single Electricity Market(I-SEM) Energy Trading Arrangements Detailed Design”,
(2020.3.12 B4%) https://www.semcommittee.com/sites/semcommittee.com/files/media-files/SEM-15-064%201-

SEM%20ETA%20Markets%20Building%20Blocks%20Decision%20Papers.pdf

182



7 — LAIEEGIR B L RRROSETIRbND Z L o, ERROWEN R INZERITT

FLOEY TH D,

® [HiHMSG T, AIHTSHOBSIZICY TS CTHEST 22N TE LD, /77—
LRI R R AMLT D 2 &R R,

® YOI, KT L REMATE THEIZAIHE T, Y H h& TRICRHEHIIC L 2 H
RN ECDGEDOY AT Bb D, TO—F, /77— DGR EO ALAEE T
% &, MHOWEBMENMEL 720 | IS OERSIC D220 5,

& TP, /Ty —LMHERREOSNERD D Z L K OEIrGrid Y BG4 T
AT (EFEGO 1 KA £ TORM. EirGrid 2> 53 BEFHREL I L TRABIFREOT 1 A
Ny FREBMEOTEMZBNTDHET, A VNTUADY AT HMZ DI ENTE
D

Lo miE

NI THGFZONTHS ) 7 7 — DI R EE ALTH Z LT RETH D, =
L, TANT Y RONT vy Tiggd, BAROFEFRIHENS & SN R 570, B
FZ N TERNWZ LITIIEERVLETH D, TA LT RTIEAKW TOAFLTIE L,
mﬁ%-ﬁﬁ@%¢5%®WWM%%AHL\HGM%%@%ﬁ%%Kiﬁ%%K%ﬁ%
HAT 5,

(8) i ANHI =9 & BERMI LR MIE

AHICIE, JBSTERD RHERN K> THAIR Z =T & & 7 7 — 2B ER &/
V77— LRIREG R T OB ERRHE OEWIZOWTIRA S, BARAIZIE, B EIRDS ok
AICHEH 9 258 (FPN : Effa 0 L IFMIATE TICHE B S ERE) & OEREE
DENFRHFNC L > TE UG EDA 3T U AEEOIED FITHOWTHEHT 57,

1) AABRICEITHAHAINFTHERET B4 /N5 RADEY T

AAEHRIC L0 MR TN 2 LTk DA T R EHIEH - BT
H5HNI-SSEMIZBWTHESN TR Y, BEFEEDRET 5 FPN & EREREOAETHRIE S
N5, 77— LBIEHRERE, )7 7 — MIBHREAETA N T U ARBEOT N idE
6-26 DAY L 72> T 5H8,

T ANT Y RTIRER EORKIC I Hmsl Sn2GEe, 7 7y — ABEERER - /v 7 7 — L8R
%iﬁ@[: B D & TR i X 2 S,

0 T L DHAENCSWTIE, 77 =41 77 —=2IZBH LT, FPN L0 b4 Sz >0 T
éﬁ%é’]iﬁ%ﬁa T 72, F 72Nl 7= s EE B4y 1T Curtailment price IZHESW T EIrGrid 1234 Ny 74
LZREND L, RS EFRAEANREr TH D720, FHHRT H 72D Curtailment price Z EH TV 5,

183



= 6-26 RIMHHEMICLHHAMFEDA VN5 AEHEOEY KL

—LENESE )27 - LEUEGEE
FPN TETEHRHL TLVEs OIRE (HIHIERF TE FPN ERRBEOENEIA>NTREE
BER (12)\5> AR EIELE) (25> 2AHEEEEAE])

A A 5 - 4 B S OMGNIE & - T BROEMARFEERBIIRE SN D, 12120, €
D& ErGrid iICL W AT v TR TOERICL Y EBIROH N Z2MfH Sh 5618 H 5,
T OMBDREHFKERTH 256, 7 7 — LEHCARITITA 23T ZER ORI
T/ VT 7 = DRUERERBIA VN T VAR OB L 18D, T OB IR AHE O A
WTANT v RIZET D 77— DR O ARE I R B T 5.,

MWh TSOIC L HDH

“V%Lb:
1\ 2618
%[0
J2I7—1
1\ 2618

AT - HHH1S TSOICLBHPHI1E
TOTEHE DEFEES

K 6-34 ZR#FHEMNICLBZEAIFDBED T 7—Ll/ o IT7—LDA N RAEHED
TYA

HIFT) = ZERe it ER

2) BEREBRIZE DA VUNT VRAEEDAE

TANT Y RTHE, AN T U AFERBIERIND, TO®D, /77— LB
BRI U CHIAEHIAAE U 2B, BIOBROH A EF5 2 & (BREOEKEZ) 1I2k-T
FRRDOA RGBT H 2 LN TER, ZD-8, B CRHEE L ERERL T
LT —HERHENNME LS, LY HESEAKRT (FEEHO 1R LTHh
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SENRT TG TR SN HAIE, FREEDOA T U AERHIFE EARFRETH
B, FDTEDTANT Y RICBWT I AENTLED A 23T v ZFe 4 2 A 5 72121
AT H 5 O WG IRICIHI AR AT D Z & 2HEENRA LIELGEICROND, TE LT
BIRBEDOA L NT U AZRBIRET AT-DIZ, TAINLT Y ROBHEEIIRETAHAIHES EY
AT 22 5 BRI TS LTS, FRIC ISR L5 BRI A © /3T o A
AA=VELHT D, A T AR, YAFHEMEY &< HETSTEY
Rz ek, BHAHEZKESESZ N TED,

<Y BAHIHOEARICLIANTIROA>/INS > RG>
AR
o EHEFNEE : 18 MW
(35, J7—LBUHEHAE 15 MW, /> J7—LBIEEGRSSE 3 MW)
® RIHMIZT 18 MWh FEEIBENEIMKIZ (18 MW OJJLEH I THE)
e RIHMIZESIE. RFHIKICLD 14MW (LI
(CCTlE 14 MWh DIZIFFEETE2E48E, )
AT : A FI/MWh, ZEMS{HEE : B F/<MWh,
A2I\GO R : C H/MWh (A<B<C)
SHMZZERLRVGEORE (FEEDINR)
18 MWh x A FH/MWh- (18-3) MWh x C FH/MWh
Elenz 3 MWh 2z1 2N\ RELTER

SEHETERIEEORE (FEEDINT)
18 MWh x A Fi/MWh- (18-3) MWh x B_MH/MWh
#i#zN3 3 MWh DSBS TEVWRIZE T 2/N\5> R %Z[0lE

7 1 15 MWh FTRI7— ABMEGICLBZREERDOT, /2 I7—LEHEHGESED 3 MWh D12
TEXEEGERGREZIINENDD.
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6.23 YATLME

Eirgrid 1%, SR HHKI O & WA EIRO IO 72 012 FRUSRTIEF TEIZ 4 20
V= EEH LTS,

(=] == 44
BHRBOFBE(E BAREO ) S
FRAHOODHT A ITHHBEORE AE e s SR
GtHA) (RESHEHA)
WSAT (Wind Security WDT (Wind Dispatch tool) RCUC (Reserve Constrained EDIL (Electronic Dispatch
Assessment Tool) Unit Commitment ) Instruction Logger)

[REBDERRFTY—)L]
RS *VSAT (Transient Security
Assessment Tool)
* TSAT (Voltage Security
Assessment Tool)

6-35 RiEDWERNBEROHNDIFIERT S5V —IL

FRY-I

EirGrid ™ #|#H+ > % — (National Control Centre (NCC) ) TiL, RHFHWMOK L THIIE H
EIC, £ 621 D200 —LZIER L CRNFEED H I &Z2 D TV 5,

% 6-27 Eirgrid @ NCC TERA L TL\ 3 REFHIHEREDIzODY—)L

WSAT
(Wind Security Fot+alrs (B&RE-BEE) 05z 5 28TV

Assessment Tool)

RDFEEISHUTOUTINAIA LT ZIYFY =)L, SMW BLENEMHE
(BCEBEY) 2NTHH. TG LOBFICLBINFH (Curtailment) &
FARHIHICLDHNH (Constraint) Z:BIEJAE.

WDT

(Wind Dispatch Tool)

FREDY =T Ko THEIJERO s &2 E Lk, REBERBEBHORr Y 2 —
IV BB 5 4N 0 — L Reserve constrained unit commitment  (RCUC) % #3425 (Z
FUZATH S B2 CTEERBIESH2179)

FEIRA~DOEBEOFTMEIL, X 6-36 D&Y, RCUC NHIEEFEHRMIT DY —/LTh
% Electronic Dispatch Instruction Logger (EDIL) (22415 &5,
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Gas Indicative Schedule
3 e T 20 ! ‘|
]

v

6-36 EERHT T a1—I)L (ESE) DEHE

HAT) EirGrid, ’ECONOMIC DISPATCH AND UNIT COMMITMENT”,  (2020.2.27 (%) http://www.epcc-
workshop.net/archive/2009/pdf/final/27%20Duduryich.pdf

FE4fEIZ. EDIL 4 L TR A ~ (Demand Side Unit (DSU) ) Oi=lEHIEH TR
(RTU) ZX(5 &4 5, EirGrid EfERIOY A MEIEX 6-37 D L0 WAEREEFIZL > T
B & IEERE R OBEEN AR & 72> TV 5,
Communications

Individual Demand Site

EIRGRID

Remote Terminal Unit (RTU)

* 2-way communications link
* DSU will send signals to EirGrid as specified in
EirGrid Signals List

Electronic Dispatch Instruction
Logger (EDIL)

* 2-way communications link
* EirGrid send dispatch instructions to DSU via

e EIRGRID

* DSU will make declarations to EirGrid via EDIL

X 6-37 FEEYA ~EDETHERDEE

HFT) EirGrid, ” Demand Side Unit”, (2020.2.27 Bi'&) http://www.aee.ie/wp-content/uploads/2013/09/eirgrid-
DSU-Eircom-Conference.pdf

ERENEY =V OEENCET 2R ETH Y . LIERITHIEE > #— (NCC) M/ER LT
WA 250D — )LD BARIY IR DWW TR R 5
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(1) WSAT

1) V—ILD&EE| - #EE

WSAT %, 2010 4 9 A 7> Dublin Control Centre THEH SN TNWAL VAT A TH Y | Hf
ZEREBE Powertech Labs (7% 0 7143 %k BC Hydro D5 424t) MR LY 7 b U=
TEYa— L > THERSNTWD,

TANT o ROET AT LOBERLBELEEOBLENOES) T AT b a2l E
T 570D —LThHY ., SCADAIEMS NS0 Y T Z A 5 (5531) ORGKIEHRETE
LA T4 OB EMEFHME (Dynamic Security Assesment (DSA) ) % A[RE & 4
%o

ZOEEND 1 DIHBEOWMAROEMEN D 5, Z OMERIZ LY BirGrid 1X, RFEOHEA
iz R L, A 2 [0S 2 72 DI B EO 1% &0 K5 IZHIEET 2 22 T3 - 4
WrL CTWb, REERILOIERZ T 57200 A 7y hr—4 & LT, AR THIZEOE#RD
EHLTWS, 7ok ERoOEBOMIZEEBOA 74 VEREZH > TR, BHY AT
DIZRE REENECT 6. BB TFRRHANICH 20 EH L T\nd, X 6-38 12
Y HHEREE T,

Near real-time Security Other
Wind limits violation details information

Wind WSAT Manager

Forecast

Real-time
system

snapshot On-line On-line

VSAT TSAT

Python Interface

Real-time
Contingencies

6-38 Wind Secure Level Assessment Tool (WSAT) Y7 bz 7k

HiFT) EirGrid, ” DS3 Industry Forum”, (2020.2.27 (%) http://www.eirgridgroup.com/site-
files/library/EirGrid/DS3_Industry Forum%20 Presentations_08042014.pdf

2) N— KR T 7R

WSAT O/v— R = 7R 2 X 6-39 127”7,
HIER Y AT DB T RIIIEH SN 7 74 7 2 b= 27 A8 TH D | EMS
DS 2T AL Ethernet (LAN 77— 77 /L) R CHEEEL TW 5,

8 F—H BT DT DD —RETINC T TAT v N TREBEFATT DV AT A
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User’s workstations
+ Application Administrator: access DSA Manager on
WSAT Clients directly or through terminal service

+ General users: DSA Monitor + Off-line

PSAT/VSATI/TSAT

Data server R
Data server hosts Computation

EMS servers

+ WSAT client(s)

+ WSAT servers (as
needed)

6-39 Wind Secure Level Assessment Tool (WSAT) /\— Ko = 7R

HiFT) EirGrid, ” WSAT — Online Tool for Assessment of Secure Level of Wind Generation on the System”,
(2020.2.27 [H{'&) http://www.epcc-workshop.net/archive/2009/pdf/final/27%20Duduryich.pdf

VI T THEMK

WSAT @Y 7~ = 7R Z X 6-40 (TR"d, WSAT OY 7 b =7 AT HHREE L
T EPEL EMERHE (Transient Security Assessment Tool (TSAT) ) & &EEZeE ML (Voltage
Security Assessment Tool (VSAT) ) %fix T\ 5,

ZDIODT—H ATy hE LT, EMS AT 5 RFIERICIMNZ T, AiHFERORE
B % 472 = — 1 (Reserve constrained unit commitment (RCUC) ) & JE /1R ED TIIE R4

B IAAL TN D,

WSAT MONITOR
A
EMS LAN
- WSAT CLIENT
Real time
snapshot \ @ WSAT DSA Manager
Data -
Corporate LAN A DSA Service

Day Ahead [ |

RCUC ’ VSAT Client ‘ ’ TSAT Client ‘

Forecast l I

’ VSAT Server ‘ ’ TSAT Server ‘

6-40 Wind Security Assessment Tool (WSAT) V7 ko 7R

HFT) Cigre. ” Design and implementation of a tool for assessment of secure level of wind on the Irish power

system”,  (2020.2.27 [H'&)
https://cigreindia.org/CIGRE%20Lib/CIGRE%20Session%202010%20paper/C2_107 2010.pdf
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4) Y—ILOEE

a. WSAT

WSAT OEAERD A A HEf I, 6-41 1T~ T B0 THDH, N-15&MTORMLENE
53 Bt A (Contingency Analysis) F6 & UM F28 12 A5 < BRI D 7347k F (Transfer Analysis)
DERRIND,

-loix]
== VSAT Views: | T5ATViewss | Detss | Hatoy | Pois |
CorfgusinTods | CONtingency Analysis Results For:  Tue,Jan 11,201117:30:00
Basecase
veA | SECURE
Tsa | VSA Insecure Contingencies
""" StepTook == | 0 %7 0ig Name [Secuty [ Magn[. | FOM Schene
Last Cycle |m CARLOWIDKELLISTO1 To isscure 1551 Mw Reducton st POLAPHTI 110
Conpieted 114320
Elpsed | 000213
En el Transfer Analysis Results For: Tue,Jan 11,2011 17:30:00
Wind Incr. by 250MW
Curtent Cycie
- Base 640 Lk 8140 Detals | Limiting Factoe [ CUNTSLIT
Er) vt [ o0 e E—

[} k] 924

Incr Donegal Load S0Mw

Bae: 891 Limd: 81 Detais Limiting Factor: | DRMILET1

o : vany [t v | N |
3] L] 13
e
Hold Base: 46628 Lmt 49628 Detas Limiting Factor: | Incufficient Dizpaichable Reserve

o (e = o ———

6-41 Wind Secure Level Assessment Tool (WSAT) * A 2 HEE

HiFT) EirGrid, > Strategies and Decision Support Systems for integrating Variable Energy Resources in Control
Centers for Reliable Grid Operations”,  (2020.2.27 %) http://www.epcc-
workshop.net/archive/2009/pdf/final/27%20Duduryich.pdf

F7o. FEfE (Histrory) [Hiff Tl 42 BRIy OF T, X 6-42 D LBV | REETOME S
FBEOMN I LOTFHHRENPRRSND,

UPIA LT —SICESK
ENFBOLS LR i b
ENFBOLT LR

ERORAHRES L0

AHEEBEEDTH

A28 OB RIS RN FEEBOFHEFER

6-42 RAOAFKEDELEL FA

HiFT) EirGrid, > Strategies and Decision Support Systems for integrating Variable Energy Resources in Control
Centers for Reliable Grid Operations”,  (2020.2.27 [#%) http://www.epcc-
workshop.net/archive/2009/pdf/final/27%20Duduryich.pdf, H ASFEER3 1% = ZEHAFE

p={1l[Y

C
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b. TSAT

EPELEEMEEMI O 7= DY — )L T A TSAT O Ei OF % X 6-43 1 Zxd, 2 DY — /L,
BREZOT VA GREZEMIM) 25 U B o2 w4 N mqeTh 5,

Cenfingercy Anabsic Fesuts For - D5/03409 022512 VSATV\sAerITEAT\ﬁaMErII Dataie | oy | P
Bescome
tsa [SECURE |[El| vagn | voep | WRke | FDep | FRise
Inseeure Canbingeries
I
No Inzecure Coningencies
DSATnols Dukput Analy sis - [TH2O0_DS_08_09_¢6_12_PDT_Pithin] ..JJ:IJLI
|MBe doch o ew Dods wndow beb JSETE |
[l = b o | S a & @ i b e M E| s 0T
= I Czce [T82002 05 08 09 25 12 POT POLin »| Contingercy [1 - MOMEYPOINT 3 | =
=mrssr || |5eeneiofbess 2005 (508 09 25 =] ey [Bis hequency (el _II
188 base 2009 05 0309 28
BB 1547 Bro eat B us flecuency [Hz| Curwe Legerd - 4 Quartilies.
GE=T 5110
2 essege Report Mo | Busd BusMaire -
-';LB::::&::: i 1 000 AGEA G0 T
o 1.0 2 10410 | AGHaDA1D 110,
E 10020 | AHAD A0 220,
4 10421 | AGHADAZT 220,
5 40810 AHaNE 1D 110
434 & 010 AMNER 10 110,
K 7 10210 ARDNA 10 710,
a8 0610 ARIGNETD 110
E 10590 ARIGNAZD 110,
n 1210 ARELOMW0 110
a3.60] 4 fL _,lJ
[Fteuter
4870,
% T
[1_MORE N
460
i 400 8l J20 1s00 2000
Time fzec)
Aorrwan e[S | L&l 2 | |
Reary [ 4

X 6-43 TSAT DEE

HiFT) EirGrid, > Wind Security Assessment Tool For Power System Operation”,  (2020.2.27 Bi%)

https://www.columbiagrid.org/download.cfm?DVID=2205

c. VSAT

BIEZEMRR D729 DY — VT % VSAT OiE OB % X 6-44 12853, Z DY — /Ui,
FBE SNTEMHFO T COFIELELZERROGH A FEETH Y | P-V HifR, Q-V Hifs, &K
ST, MRx IR TIE RIS ATRE & 72 > TN D,

191



Cenlirgercy Aralisis Besut: Far 05/08.09 092612 WEAT Wievssr § TGAT Wiswwsr Distail | Histery | Plrts

Besecase

tsa [[SECURE | [EV| Magn | vhin [ VRise F Diop F Riss

Inseure Cortingsrisies

Mo Inzecure Contingenzizs

D5AT bysis - [TH2009_05_D8_09_26_12_FDT_Pibin] =I0lx
] W Togs indow el HETE|
(| = | 5, «|§|M@\m AirbE ga B (B|s oy |

= Cese [T82002 05 08 02 25 12 FOT POtin »] Corbngenca [1 - MONEYPOINT 3 =] =
B BEN Sceneio [bas= 2005_(5_C8_09_25_12 = Buznike [B Lz fequency (Hal =] —“
-8 buace 200905 (8 0925
B 15T B st ] Cutvs Legerd - A1 Quartlies
=] 5110
: E Messcge Aeow Ho Bus Bus Naire -
7 00 MGG T
B Bassosss fnks - 3 110 ABHADATD 710
L 3 1 ABHADARD 220
4 T2 AGHeDAZ 22
5 AHAETD 11D
15 § 11010 AHNER 0 11
7 M0 ARDNA 1D 110
B EID ARIGNAD 110
] 10880 ARIGNASD 110,
n 1210 ARELOMWD 110 X
4300 4 i“ ﬂJ
| Fet Bulfer
43704
Qunily | Conlingency
[T HONEYFOHT S
4350
] 400 LR L
Tim o)

Mubrsrn 1 [z | & 0 | |

Ready T

6-44 VSAT DEmE

HFT) EirGrid, ” Wind Security Assessment Tool For Power System Operation”,  (2020.2.27 (')
https://www.columbiagrid.org/download.cfm?DVID=2205

(2) Wind dispatch tool(WDT)

EirGrid 1Z, WSAT (2 & » TR BRI 2 H T Enfil o Za4 24k L 7= 5 2 T, WDT
Z W THEBRIZK B EIRA~ DS ﬁ“’%*ﬁpﬂ“é SN~ T & 350 #filI X Pro-rata (—)
DOFHFRERA L TWDEN, FEA~OHIE SRR 6-280D B0, HONEHKFEINT
BY . FEBIZIT Level2 D= MMt L CHAMHEI 1T 5,

£ 6-28 WDT IZH+ B HIEAREEIRD X 3l

Level 1 1=wh \ DT THBNSIEN, BTN TR VSR A SRR

Level 2 1=wh BICLBHIEN T EEREIR

Level 3 2=wh \ SEREREE (BUERTEE SMW 555)

HiFT) EirGrid, ” Wind Security Assessment Tool For Power System Operation”,  (2020.2.27 (%)
https://www.columbiagrid.org/download.cfm?DVI1D=2205

6-45 |2 WDT (235 1F 28l & HEEE (Setpoint) O AJJE M Z 7~

Z O WDT Y — Vi =T, AL — X IR B EORLERNE AL, 2=y bD
PR HEE (Setpoint) DEIEET 7V r— 3 | ﬁb%ﬂm‘é W72 B
FEOM N EREICHAIL T=y N (7T 7% E LIZEROH) | Déf%hé
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— | inaFarm
WindFarm MW Totts | pae®ried | MW | Chpaesy w et
um-smmwrl o1 | 7| @0 | sws | a2
ng windtarms are not avaiable
ire. mail from MG to NCC 26-MAY-2011)
BALYMRTN  ORSLODOE
COOMACHO  KINGSMTN 1
CROCANON  RAKENGR?
wirarmims | Rogon | Mot | ke [uwswpee | A | prataie) sen | S| Semcoy
Type | Emaviea Capacly | MW | MW issued | Feddack
- - - - -
GALWATER PLCI  STHEAST VPT oN OFF @ 62 a0 20 @21 o
BEAMHLL PLCI  NORTH  VPT on oFF s 24 2 | we w o BEN w BTN IO
SNOOO PLCT  NORTH  VET _ ON oFF @ ss | m | w| e o BEH < IO DS
nnnnnnnnn STHWEST VT ON oFF 0 a8 ws| m ] » o« BEN = 0O DS
COMGRLY PLC  STHWEST VPT  ON oFF @ w3 | w3 | es| e
mmmmmmmm L2 STAWEST VPT  ON  OFF e | | w w o« EEN e NN IO
CERYERI PLCY  STHWEST VET  ON oF w0 w | wol o o NN = SO0 IO
DRUMHILLPLE2  NORTH  VPT oN OFF 100 1% 15 oo s weox UM oo IO IR
GARVAGH PLE1  NORTH  AUT oN OFF ET) 24 % 0 e - R s | =000 s |
GARVAGH PLCZ  NORTM AT ON orF e 38 3 | ze  ms o = IC IO
CLANLEE PLCI  STHWEST VET  ON oFF ws 2z | n2 | m| » o FEH e BON DR
M e m o m | me m o R s i AN
v on oFF so 2o | w4 | mo sz ox sso [T [ n
mw e m mowome m e Lo e o IS
SORNHAL LG NORTH  VPT  ON oFF ®0 02 2 | ms] w o BEHL = ICH DN

B 6-45 Wind Dispatch Tools (WDT) DiiHIEB1ZEE (Setpoint) DISIEEE

HAT) EirGrid.

“Power System Seminar Presentation Wind Forecasting and Dispatch 7th July .

(2019.12.17 [4

) http://www.eirgridgroup.com/site-files/library/EirGrid/Power%20System%20Seminar%204.pdf

6.2.4 HIELEKIZH T 5EE

TANT Y RTIE, /77— LRI OV T FRROFITRT XL 9 2 A3

N,

R 629 FAILSURD/ V77— LBEGIZEITAMERER

H
2

FEiRER

BINERSZIBENY LT RFERZ AR U RZMEL TiL O WSS
FSNTVS. RFBEZATIREVBVIZ T2 J7— LBUEGROREICOVWTERRNMET
B, BFOT I A& IO ADIECP(Enduring Connection Policy) | Tld. kiftiEma%
ARE LRV ERIRET 2 RN T DTENMRETENTLS,

J2 07— LB G RN BN B RN RN T V75, J2Ir— LABEREROE
CED. BORAUSNDT 7 — LB IEHGEIROFBRMEN BT SBERMEREENTY
%o RIFHIFICL BN DB EE. HIHIIEFLL TIEBIIEBI - THIH 2=
(33728 ENBIREDEFE(CBENCHDZIIFISNDAERELEIRE, BEFD/>I7—L
EHEHREIRLOBINHFIZR (I BRENMELLTUES.

)77 — ©BUEGERNRGHER C LD DHNEIZZ IR 12N 2 EE B R
HERRELL, BEEOBIBNAKE BRIV RMEREN TS, CRU-19-129
DONEICBVWT, 12N EEEMICK U TT A AN M MI T, BEEOEIBZKR
SRBEMEREINTWS,

HIAT) STABRE R K D =2 IHER
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