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E244 S 244 BIZ/HiE R

JEL R 2R Il iE Active power TSONSDIERICED TR BUREERED  NH. REE/ A ANAFEE (&
controllability and TEZAREIIHEEZRT DL, EHDBERE (FFEEXR. H3=100MW)(C
control range RESNIHADICERRDOE XUT. LFCHIfEHD#EEEELTT
(15.2.a) HEETZETICEIDIRFHIE SN LREZERLTLD,

TSONHIET Do LFCiE: EAZHDD5%U £

LFCZLERE  EAZH D
1%/min.2A_Et (GT-GTCC(Z
5%/min. L)

(HFF) EEEYUKI- MRS, BEEM1

ERCOT Nodal Operating Guide
2.2 System Monitoring and Control
2.2.4 | Load Frequency Control (LFC)
 BFZEREZ TERAR (CHIELRNS ., BfREIREHEIE (LFC) (C&D. EASERKEN60HzZ g 3¢ .. Regulation
Service Energyzt{RU. £ewE(SU T, Regulation Service and Responsive Reserve (RRS) &

ERCOT Contingency Reserve Service (ECRS) Z%Security-Constrained Economic Dispatch
(SCED) Hi&({#>cE (ERCOT Nodal Protocols 6.5.7.6&88)

*ERCOT LFCZRFAlF. NERCOEEEZ®IZITHIC, LFCICRED T, FIHBLURRSZHIET B,
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4.5 Operational measurement and communication capability

The IBR plant shall provide a local IBR communication interface with bi-directional communication
capability and shall be capable of providing real-time operational mformation of its status. mode of
operation. and several (steady state, dynamic and transient) measurements for integration imnto energy
management systems (or distnbuted energy management system—DERMS) of the TS operafor. load
balancing entitv. regional reliability coordinator, and markets in which 1t operates to facilitate its
mtegration mto the electric system.

E=xact data to be exchanged shall be defined in the interconnection agreement or by the services the IBR
plant 1s offening to those entities. Test or verification of these requirements shall be mutually agreed
between the T'S operaror and IBR operator.

4.6 Control capability requirements

The IBR plant shall be capable of responding to external control inputs™. Control parameters to be
exchanged shall be defined in the interconnection agreement or by the services the IBR planf iz offening to
applicable entities. Test or verification of these requirements shall be mutally agreed between the TS
operator and JIBR operator.

Examples for control capabilities include:

Capability to cease operation following disabling of the permir service setting

Capability to limit active power

Capability to set active power

4.6.1 Execution of mode or parameter changes

Transition time between modes commencing after the mode setting change is received at the Jocal IBR
communication interface shall be as required by the IS operaror. Changes of control functional modes shall
be executed such that the JBR plant output 1s transitioned smoothly over a period of time required by the TS5
aperator.

4.6.2 Ramping for control parameter change

Eamping or similar smooth transition of JBR plant output shall be required for control parameter setting
changes. For all control and protective function parameter settings, the time following the input to the IBE
communication mterface and preceding the point in time when the invoked action begins shall be no
greater than required by the TS operaror.
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® [EC TS62786 (ECEXRiFiikiiDDaBLBIROFM{IER) TIE. LU T OELHE DG . EICEIDERS.
50HzIV7 : &EHu&Edr : 50.5 - 52.0 Hz, #F#xe]ge : 50.5 - 57.0 (*1) Hz (0.5 s — 90 min)

60HzIVY : &EHeEér : 60.5 - 61.8 Hz, &E#rnJge : 60.5 - 61.8 Hz (0.5 s - 90 min)
*1 : SEXRADIRME(57.0TFRK, 52.0N'E)EBnhna,
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ERCOT Interconnection Boundaries
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* The area outside the "No Trip Zone” is not o "Must Trip Zone.”

Frequency Boundary Data Points — ERCOT Interconnection

1000 10000

High Frequency Duration Low Frequency Duration

Frequency (Hz) Minimum Time [Sec) Frequency (Hz) Minimum Time [sec)
Instantanecus® Instantaneous®

2616 30 =58.0 2

Z60.6 540 =584 30

<506 CCI-I'ItII'IlJ-I:lL.IS ccg4 540

operation
»>59.4 Continuous operation
Table 4
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- ZEFREH
UK 123572 hg
300MWLELTF : No limit. 300-1000MW : 10%/Min. 1000MW#& : 40MW/Min
FN=)
20%/Min
FHZHIWAFAH—RTEF, PV & WindebIC 1 100kW/sec
ZZ . 7)IAHEIFHIE15EMWHSE R
ENARA%
N
FIA) N 10%/Min, 6-3000%/MinTTSOL SRZE
J—=~
T IAIMEERL, 6-3000%/MIinTTSOL SRR
K[E IEEE 1547
20%/ 1-1000sec (FJAJLk 300sec)
KE IEEE P2800
5%/ 1-1000sec
KEATAILZTM Rule21
JRINVARIN 2%/sec (FIAIE)  1-100%TDSOLFHZE
J—=X) 100%/sec (FIAIDE) 1-100%TDSOLFEE
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JAhELTEREINT,

(LBFr) {oEJ Uy RI—- &=, SEERI

RfG 15.6.e Rates of change of active power

output [SHIELEEEFRE

R[E < 300MW: no limit
> 300MW, < 1000MW: <50MW/min.
> 1000MW: <40MW/min.

7AIIR Can be site specific but not less than 1.5 % of
maximum capacity.

RAY SPGM: > 4%Pmax/min.
PPM: > 20%Pmax/min.
SPGM+PPM: < 40%Pmax/min.

ARL> —

157 > 1% Pn/min.
< 20% Pn/min.

FoN-D > 1% Pn/min.
< 20% Pn/min.

({BELERA60 MW/min.)
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« EN: EEFIMHFTLVEREMEOHE DERSRVGE  RFADREZREITEORRENS, VDE-AR-N 410522 (CRLEENT
I ML TR NT,

(LBFr) {oEJ Uy RI—- &=, SEERI

RfG 15.2.a Frequency stability capability of adjusting an active power setpoint in line

with instructions [CHIEUEEEME

Time period to reach the adjusted Tolerance applying to the new set point
active power set point
E1ES) SONSDIETRICHEL., FRTET DS
742K 10 min.+Ramp rate for the unit PGM: maximum of 1 MW or 1% of dispatch quantity
PPM: maximum of £3% of registered capacity or
+0.5 MW
R 4 — 40% Pmax/sec. (EBIICERET D)
AR SPGM: 15 min. +5%Pn
BESFEE: 2 min.
RIZHFEE: 1 min.
157 — TEFEIARE: (Type C) £2% Pn. (Type D) £1% Pn

EEIARE: £5% Pn

TN SPGM: >1% of Pn/min. 19 EIDE &N 2% PnZBX TIERS,
X I EMSCEU T, 10min. THA]
PPM: >20% of Pn/min.

(LBFr) ey Uy RI- &=, SEERI
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Frequency
(Hz)

b
Wind Turbine
Proportional Inertia-Based FFR
Wind Turbine
Step Inertia-Based FFR
BESS and Solar PV _/\’—\

Proportional FFR

BESS and Solar PV _f—\

Step-Based FFR

1 1
t t

'db nadir Time

(HFF) seomEJ Uy RI—-MRET=, SEERI

FFRIGEDHIC (S, FREZEEAR Az TR I 200051
(X, IEFFFETHILEEART (Arresting Period) OREIEIFHHR— Mz

BRI 200DEHD. FFR 242 EHBHDIRETNINETHD. T 5L
HERBEINSS.

Synchronous Generator
(no governor)

Synchronous Generator
(fast governor)

Synchronous Generator
(slow governor)

Load Resource
(step response)
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Time
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MRRELSL. COEORECESTIE. & _ - T .
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?—_ﬁaf g‘.ﬁ_ﬂ_\{;FFEE'}EﬂiTE%EE‘E‘EE - '{:/J’E_J?LHWL\ jﬁ:f hj}hm—ipwm[ﬂg»ﬂﬁgiﬁﬁmﬁ
EROREERELTS. SMA « THILF—EE SAHESHE TFFREIRE
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- EHED-FES (Watt-Frequency) FIL—FHif#t
TMEIC - BIEN-EES (Watt-Frequency) FIL—F
BB AT BEZ AT LT KBk /(S EREE. Tesla - FFR ({@8METHl%EnEE) SPFR (BoED-BEESFIL—F) omAa
BT ZEE %, KRS T
@b@&l‘&%ﬂ%ﬁﬁiiﬁihéﬁgiﬁﬁﬁ Dynapower - Fcomp BB —REE (Watt-Frequency) OmlAxEig

HoTLE,

- FecomplFIEAOEREESRE (O3 L TEZIEDOFEAMRIY

(HFF) seomEJ Uy RI—-MRET=, SEERI




(£%] B10: EREEZ B OFEL I — TR - K T IRE 61

o EBINEH

© HEMAY R B ENERRIF DY — AR FI I B)Y —ADZL(E. ENLATICRBEZEUDETEH TE R RIEE /7
ELDEDHH B,

* REOKGAREPETENORIEE DIIIER NS, HFEICLHOTITOCREEEH S,

s RIRBHER/NEITBRET, I-14—33> (CHP) OL&LSRFHIFERIEERYY — 2N, KIBIEPREDDLIRZE
EBRAINDZIIRETEENTED, UL, RIBBTOFIRZIRCT DL VY- ADOBERETHIWECRD, KE/T
ANIOBE]EETEN S D

(HFF) seomEJ Uy RI—-MRET=, SEERI



(&%) B12: BEIREFFHIEHEEE 62

o BB
« IEEE: /29 —-BROBIESA RRI—BENZHIRLAVEDET D E DECH,. RFERBEDEIHILD,

I AR RRDS B L DBIR

R DI 5 . BEERMICE (FFR) LUTRIE - RESNAVIED, COMEEIMEIRIRIISA R
ISR,

FIREECETE(ROCOF)  + BUMBITRHIAELOWREA: ROCOFTA KR —%0.5Hz/sKiBICHIRT 3L, HFEEN
78:(/\0

IBHENOMHA + BT (Direct Transfer Trip) ZOB(S(CESIRBIRIRMS R EREALALY—

RACDWTIE, FFRWEMIESFIR (LS X 282 E B I DNEN DD,

s EIREIREUSE (FFR) (. BRIVARVEM Rtz ZESE. BENQREMES IR LS
ZREZ KT BRI EEEN DD, FFRIEIMERIR I (C S5 X 22228, B PRIGOFIE. 2L
A (FTEMAEROE-I-BRIOED., BLEROZHREM T —JILREDEBRKI(CKTF I 50]
e ®D. IRTEETR DT, CNSOEEL2TEEILI 2 EZ2BMNEL TS,

HHE - RES AT LD B - BELAIKRBLSIOREZERY SEEEHBEINERIRE SN, FF. BERFECEDIK

&4z BEReE (FHT747T07923>) OHIRCEKD, BIREIRAR Y C BT - BIREUREDORID
BEIRMENSFOTLS.

« IRTE. FEALDOBTMUY —R(SREBNHY BB IREFRAR N T T2 FRAL THD. Eenitk ek DEEIHE
BRAR P ZDOMMORFEIRRE(CLD Ny T ZBFRL TS,

SFHBEIBMIEE(FRTHE - #OER (Ig) ZAMER (Ip) LHBERSEDIL. 12N-F-EBIR KN TL\SEH
50 - RN S D) IRRIFUCHNT, IDEVEEDFRECOBN SR REMEN DD, TNICLD,. BEIEFAR N
N—ben, BEIEE R H RN E SN 3.

(HFF) seomEJ Uy RI—-MRET=, SEERI



[£%£] B16: Phase Angle Ride Through

63

o B\ SEHIRE(HNFEH)

(CEEDY T
— M FI\A L
BIL=X) @

Bt

FEET SFRT
i 1]

(£S5 FAUL

ROCOF=-
= ZIL—

BEEAE
LS RAUL

A R

0 (EJF;E Efrﬁiaﬂﬁﬂ-r DI RBRORBEARE S ATHEE Lic 1 igthiE
O = FH - S LR BT BT S 102MWDEERE
1. 112MWOAEBAFRFT & I6MWORDFREBTH S OEHEHRE

o EERC & D400kVEERIRM 118 e
« 1, B7BMWOEERE. CHICLDEESEHSMET L. 931IMWOaEE RS
» HEE3SOMWDDERD U wf

AL TFAF2EEINILNB LD, TS/ EBFE T2 OOEERED
HELRE . 220kvERBTOHEMERE RT¥ER12:12:16) . S00KVEERET
AR (CREEERR12:14:30)

1EBOHE Te82MWOA IR AEELSEE. 2B 0&E o3 7MWHERE

S00MW DS BRI £ D Western Interconnection CRIESHEEHFEE L.

= 27 A3 3. 3808 (CE SNadirse.878Hzc Hig

- STROMICSDOEBRROAMIREL. AA—ANTUTF (SA) OIEBRET

DERFREDH

oMW BARBFTAREHEAEEICLD FUwF
{PLLIEHA-T-HE)

BEE S ACEBREC LS260MWD ) (—45 - RUw

IS5 b LULEEEEOEEERICES —BEREL
{Momentary Cessation) [ZXZ153MWDESE

FESOTHEREFROCOFE LTFEEMFE (vector shift
protection) FREHNEET FUw I Liz. BERESTEL.
IEEE-1547-2018h 20 £ R L TV aMCH L. 6ETH
=

?IERHﬂGJJEt LTld TRosEdFhridhEis
e

SUEEE R C 51 SRS LSRR

IREFEE U v T B LUBERE D LAY I0RM
PLLEMADEEC LS U EZSD

TATORDFRBEN RO ORI EE TR Lo

_ DB EALRE -
mA—ANSUF . = - _ EHOBEEILC L DaseMWODELRRELFIZNDA, 3
7 . « ODMANFEBFATSIT4SeMWORNBENEFURE. SICEBEEIB(C - - ;
DT e ey S SEmEiL o, T
(BA—2 RS 58268 Thml? h . ASEMWOBEAZEMARE Uz C S L DERROZEELIEN. SEEOEMLIT 1B e Eﬁ??'l ] e [ié%ﬁﬁ}‘_{fﬁ 153 ﬁﬁﬁ‘j
o 9 R, Rl 27 AR ER SEDICERREDEL, A2 NSUPOROR| 2wt 27 -
i S R SR ATUS.
- BRRELIURNBRORET. BELAIDEFRODS0%EEDEIST BN EARE
SEWR
(1) NERC, [Odessa Disturbance] . 202149H

(2) National Grid ESO,

[ Technical Report on events of 9 Augqust 2019] . 20194 9H

(3) NERC,

[900 MW Fault Induced Solar Photovoltaic Resource Interruption Disturbance Report] . 201828

(4) AEMO,

[BLACK SYSTEM SOUTH AUSTRALIA 28 SEPTEMBER 2016 . 2017438

(HFF) seomEJ Uy RI—-MRET=, SEERI


https://www.nerc.com/pa/rrm/ea/Documents/Odessa_Disturbance_Report.pdf
https://www.nationalgrideso.com/document/152346/download
https://www.nerc.com/pa/rrm/ea/October%209%202017%20Canyon%202%20Fire%20Disturbance%20Report/900%20MW%20Solar%20Photovoltaic%20Resource%20Interruption%20Disturbance%20Report.pdf
https://www.aemo.com.au/-/media/Files/Electricity/NEM/Market_Notices_and_Events/Power_System_Incident_Reports/2017/Integrated-Final-Report-SA-Black-System-28-September-2016.pdf

(%] C1: - #ENHIEHEERSIE) (1> /\—-H—LBIROEE—EHITH) 64

o B55E/l

- FERC: EHA#EIHR. IEEIHAEIRICT U THENN S E NHHEEE D 2R DD,
No0.827 Reactive Power Requirements for Non-Synchronous Generation
- SEREMEROENENHE(HIAT -3  ZEBREEAITHE+0.95~-0.95)
- BE-HHOHIENSDDEZERBLU T BRERIBEARDH . FIMBOEREHHERELEHFEDE. BIRVERNE HHfHE
ER e
- NERC: RFEREN. BIE. BWEHZUVINI(LTER. i, BLUHIFTESRLD. REBFEB(NIDEFEZRET D,
WECCT (&, REFBEENSRMERB UL CEEFIHEREEZIRMITSIE. AVREIfEMIIRZIRMH I L7 KkedD.

® IEEE P2800 5.1: Reactive power capability T(&. 1>/{-4—_-XEIR(CHIFS P=0kW TOEZNEDEEDIRAZLHESD
5NTW3,
® Type3 WTG (T RppEEHRAZ B FEBHEOR D FEE ) EACEHIDF FEFEA >\ —H-—"-XEBIROFEEPIIEXIZRIT

IBRD"E,/M)@“/\U‘DE;JJ SHEALAN)L (PODHZEESD) (CDULT.
BRAEYS (RPA) TER/INENEHDEEDNBE NI NERBSIRN,

3 2
A E 5 :
| Quin | = i i I el AUJ%A‘[JW‘?F#_@_ Do
.3287% : : N
—_— 2 21 4o VSC-HVDCS+ > %N L
A% S e
% 2 o TEBRTIOERETNTL
F) . P —
5 5 ;. 0avIc T WA I BAOEED
N - &5 IBRISUH
M | AR () 1z 3 RS ® o o ACEREROF FIBRY
R (D o \ " =~ k-
E 5 \ WTGHAF3 -
B2 @3 \
b mE @
o - B - ’ | Qi | =
’ | Qi | = E E 0.3287*ICAR
D.32B7+ICAR v 5 A R ——
= . Qe - BTMRI RN

(HFF) seomEJ Uy RI—-MRET=, SEERI



[(&%] C3/D2: XML EILEE(PSS) - BEEEFHEERE(AVR)D(Ik- ERE(EFHEE BEBEFE) 65

o BINEH

« RfG:BEIFOZLDRIEIENT IS JikEE2 ARBR(CIF>TWS— AT 12N —4—EEMEX TR R TEEFRIR S ENNELR
25h A>N—A—BBRICTFTEEDZ—XCDWTIIATIR L THD. REVWHBE TR HEBRMEPTICIIY O E ST BlaaERT
BEVOEHELTVD,

« NERC: PSS(IEIEAFREHDIKERIREIDREN BN THDEHARBHNADREZZRFR(TT. AVRIZBEIEE HIHHEEL LTS
BIFIEZIRET B,

(L) 8B9EIJ Uy RO Rt s, SEZEN

RfG 19.2.b Automatic voltage regulator ([CX&

$BREREE o IRYR. FIEAREEADERDH
HK[E o FEBHERINESSE (C(SESE C/EEN I BAVRZIRAD L. . (IN—H—EEEESRETIKEIEEE P2800
+ Type DOSPGMEE5(CPSSZERIET DL, (ZIZAVR/PSSERB DR &L, BELTELORE
FANSYR  « Type DDSPGMICPSSHEENEMFERTEL TLS., &303%57‘21@-373fﬁfg%iﬁ’i%%iﬁgﬁ%;@{@\
R - Type DDSPGMICPSSHEENE A AIRTEL TL\B, E‘jgé_g&;ﬁﬁiggggg’f;igfgf”"‘%H“
ZRAY . Type DDSPGMI(ZPSSHLEENE/FAIEL TV,

s R CEIHEBEERE AT AAVR)CEDHIEHTEE,
457 Type DOSPGMICPSSH#EEEDEHZFREL TLVD,
FoX—7 + Type DDOSPGMICPSSHEEEDEHZIRTEL TLVB,

(LA sEemEJ Uy RI- &SR, SEEN1L



[(£%] C3/D2: XL EILFRE(PSS) - BENEBEFATREE(AVR)DHER-

2. XEHE

THE(EREE-

(6) NERC Reliability Guideline BPs-Connected Inverter-Based Resource Performance, September 118

2018 (IEEE1547-20180%

SERERLC. 12)(-7—-FEEFCEA)

Chapter 3: Reactive Power-Voltage Control [EF - #hE 511

= Steady-State
Reactive Power
Control and Droop
UESAREOEE I
#EFL—7]

7@ LTSRS EEmE

maution b Croas-regienal Coordimation pf
e Tlinnuml:'m'?luWMIhPNl

JCCTO

[rraap, >

Deadang

MNERC Reliability Standard VAR-002-4.1 Generator Operation for Maintaining Network
Voltage Schedules (CHER
- BEEERFEE—F. FETSORRCHE RIS FToEER

« AVROEEE(R. 12 N—5—LAULELET T AL TR, £203F0mAa TETHET 2ERCERE

A93.
» TOPICEO RN A AT I1- LaNER AT I 20BN hs. SREEFHEFEEC ST I
e SREaN BRI ERARES.

Al + AV o
Droopy = S

Ay Leading VARS

AR

= AVap pu

A

Droop s = + "‘:mp-:

[ro0Pasen

Figure 3.7: Reactive Power-Voltage Control Characteristic

(FR) ey RI-MRETR, SEERI2

18

HEEHE) 66




[(52] C3/D2: RRTZE(LEE(PSS) - BENETREEE(AVR) DR

THE(ERBE - @EEEHE) 67

CAISO TARIFF APPENDIX V Large Generator Interconnection Agreement

5.4 Power System Stabilizers
cHRBEREAL. ZUITHERIEEMTES (Applicable Reliability Council) WESHT=H A KS54 2 E KUCAISO Tariff
4.6 5.1DMIEICHL, PSS(RMELELERE) FiE. RE. ERTHIL,
« PSSHAMEIEL., Ff-1d. BINBERNTEL MG E . BEE(XCAISO, TOIZEBLITEAL ., FEOMNIZPSSEEI/RSESZE,
« CAISOIE. PSSHARELN SRR IN RMDEFEMICEEFZRIFTHESIL. REXRBEOE AMGIE-(XEHNEIERT S
ENTES,
 RIBOMREBIIFEXDRENFKERMICILBEALAL,

CAISO TARIFF Appendix T Small Generator Interconnection Agreement

Attachment 7 INTERCONNECTION REQUIREMENTS FOR AN ASYNCHRONOUS SMALL GENERATING FACILITY
Power System Stabilizers (PSS)

v FRBRERBICHL TIEPSSORE L VBABH T,
ERCOT Nodal Operating Guide
2.2 System Monitoring and Control

Power System Stabilizers (PSS)

RAMERTEILEE (PSS) (. FRREEL LT REE BN EBERMICRIATEDLIICTHIE, ARBDEIERE0.2~
2.2.6 2HzDE A ZURD B &, PSSIZEENH o115 A L. QSEIZ#HREL . QSEIX. ERCOT Nodal Protocols 6.5.5.11Z;8>T.
ERCOTETOIZHRET HTE, 2010412 A 1H LIRRIZERE SN =10MWZ #E 2 % Synchronous Generation Resources|.
PSSZEAUAL—)LL, FEELH DRIICPSSERBIEALENH D,

(FR) ey RI-MRETR, SEERI2



[(£%] C4: EE LFMI Voltage Ride Through 68

® R[ETOME(PRC-024-3)#FENS. BN TOESZZIRETU TIEEIN,

High VoltageFli?::Tlt:ough Curves Bn?:: @ﬁ?ﬁ@@ﬂ%%ﬁﬁ'fﬂ Figure 1
IETOSEEZEFE. AL Voltage Ride-Through Boundaries

1.2
REFICHEEEN DS YOI 5
ToUS -, HEE )
_ s BEAEMSRCODE |
s SENEREEn 3., 12 ——
Y| A S [ e A [ S e T . HighVoltage 'Boun
o PN ErE) Sl S Al -
& Tt K ¥=1b=>3/Ci 0 / Emer 2&2““;‘:"”””
; HPRE = | 2210 WECCEB13 W= ’
2 10 H[J / \ I ™=t~ | High Voltage Ride- 0

17 Through CurveZzi&stUrz.

‘é’olt.:ge

Boundan

08 Iﬂ"

-1.0 oo 1.0 20 20 20

Time (seconds)

Voltage (PU)
[ ) (] o
(5] [=z -
AR Bounday |

Scotish HYRT Std

— = -reland (ESBMNG) HVRT Std

——Deznmark (Eltra&Elkraft) HVRT Std 02

——Nezw WECC HWVRT Std

——New WECC LVRT Std 0.1
Goshen 181 k. Loss of Bridger-Borah 345 kY &

———FRzid Point 230 KV, Loss of Broadview-Garrison 500 kW 0.0

——Hughes 230 k¥, M-1-1 (CO-Buff Prior Out). Loss of VWyodak-Hughes 230 kY -0 on Lo z0 0
Goshen 151 kW Loss of Midpoint - Summar Lake 500 kY Time (seconds)

—5ync Gen Inverse-Time V/Hz (w/Fixed-Time Unit) Relay Settings

(HFF) seomEJ Uy RI—-MRET=, SEERI



(&%) C4:

PRC-024 — Attachment 2
(Voltage No-Trip Boundaries — Eastern, Western, and ERCOT Interconnections)

&|E _FF Voltage Ride Through

The Voltage No Trip Zone ends at 4
seconds for applicability to PRC-024

No Trip Zone® |
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Voltage (per unit)'?
o000 00000000000 ===t

0 0.5 1 15 2 2.5
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| ==m==High Voltage Duration | oy Yoltage Duration |
Figure 1

* The area outside the "No Trip Zone" is not a "Must Trip Zone."

Voltage Bounda

Data Points

High Voltage Duration

Low Voltage Duration

Voltage (pu) Minimum Time (sec) Voltage (pu) Minimum Time (sec)
=1.200 0.00 <0.45 0.15
21.175 0.20 <0.65 0.30
=1.15 0.50 <0.75 2.00
=1.10 1.00 <0.90 3.00
<1.10 4.00 20.90 4.00
Table 1
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* W48 (negative sequence) (X I BLEFIERY 1> (k-factor)

* BWETHNIEL EBIRVEREDEARCE. TIAN MESLUFI IR E LB Z S HDENTES.
* Ay S & R
* N> B
* ZNINUR

* JUyRI— REIFABOPC(E. HPRIFOIEAR - AR EROIE D OV TEREZAECFREL TVDEDHH
NE. ENZENOZRFOLEEICISU CXBRFATE B (BRI DIIHERL TV EDEHD.

* AON=A-BIRIZY NI BFEIREETOHRGEEERDfE. BinEEDOERE KRB UEAREIRER D 21 5 DER
ZEATBENKDSNZN, IROFISHERHESN D ETEEEN DB
a) E&BEHHFaﬁ&UE&BEB?f BRROHABICHVT, BIEIRR, BESREARECIIBESHAERDZECLTNE
BRI DB T3 h'n D15
b) 947 111 OESIT— t/(LEBL\‘C ClErFHREREUIEE . LI - FEROH N RONIOAIESNOGS
C) EAREBWNIRILIEUL=MEFBRDID, u*aﬂﬁ}i@ﬂ& (PLL) H 1>N\—-A4—EBIFE1-v N NmFEEREREE
[FHEIOBIETERWVGS, HOEROBIREICH TR/ ERRENHDIBE
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o BINEH

* ETABIUTZIL 230 ZAVA NS —BIRT 5> bOsxETEHIL . 45 CERRERS JUTEER DR 4 RERFE(CHNT, 12—
H—BIRT 5> MIEREBR A ZIIC T CEERATRIREN DR REREEH TIREE I B E TH D,
* ERREROBNHRAEETIL
* IF4R (Positive Sequence) RZEMEENFIEETIL
* EMT (Electro-magnetic Transients) £5)L
* FEESLURIAKET IV
* ETIIFRESLUHIHIR NS TS —0FHBICREIINE
* BA. KB EBEMESOAFIER)Y-XHL T -V -EROEMTET N ZIRH I BEVIEAHE LID—AZEYTEOTETL

Do

© RE IMRRRDY - RSHUTENET N ZERU TVWBEEFEE IO INTHD.

* KEINERCOIRTESHI

NERC Standard

MOD-025-2

MOD-026-1

MOD-027-1

MOD-032-1

(HFF) 8oy RI— M&EY

Verification and Data Reporting of Generator Real and Reactive Power Capability and
Synchronous Condenser Reactive Power [FREH#OBZN/ENESD. BIHII> 7 HOEINE S
(CEAT 25T —IDFRE]

Verification of Models and Data for Generator Excitation Control System or Plant
Volt/Var Control Functions [FEEMORIEHIHIS AT AFRET > NOEE/EXIENDHIHICEET
2ETIVET—HDFHI)

Verification of Models and Data for Turbine/Governor and Load Control or Active
Power/Frequency Control Functions [7—E>/AN\F—BLUERSIEFZ(EBEZIE S/ BIREH
fiMERE(ICRE I 2T ILET —I DT )

Data for Power System Modeling and Analysis [/NO—3XFLADETU Y EfEFTERT —4)

=, BEE&M
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RfG 15.6.c Simulation models(cX 93X EFRE

R[E o EREMHAEHL TVBEZSZIL—2aVICEDRT L,

« ROIEHICDVT, YZab—33a iER%RI L, OPSSF1——>/ . QEBEEEEANDReactive Capability. @
BEHEEENENLZEM. @Fault Ride Through and Fast Fault Current Injection. ®LFSM. ®EEH
JUREIEE>Y NO—5—F7 ) DIREEE Z = 4R . QHVDCS X7 AOE|RIEAR RS HE & HIRENR = i

- [ERROBERR. SRERM FICHBIFAARNBEBE A (CARDE)RS 2L -3V (Lo T, FFHERF N RSN AZs

SEEAENMRMHENBIZE. SOFS 21— 23 R DIERICRIERFBIAZEN T DEN TED,
EREBEI AT LI -Y—(FFEMUREE(Plant in balanced)(CH(13. E3ME (root mean-square)zAUVz. 1E4H
(positive phase-sequence)®. BEFRIFEIF(time-domain)(Chizd. T2 hNEERIET IV R2IRIETBL,

« TSONSIEESNIZEL. BRHLBESLVSARKICHIIZT > hNEeRIET I 2Rt I 3L,

o EFILOBMMHEIREET BIeH(C. IRDIBE(CDWT. Grid Code compliance testingDiEsRE LB GETIRFER
NMESNZNMERT 2L, DEFEIRBEEDReactive Capability. @EB/EHIHIEENENZE M. @EREEFRT. @
=E/EFRT. OEBEREILE. ©BREKRILE. QTDM. TSONSERDGZZED

A 57 - generator groupld. EFEIRRE, NEEE— RCHBIFIEMEZZ B ULLESHEMAYIAEE (RMSTETIL) | EELEEIA
R& (EMTETI) (CBIRENMEZ RIS Z1L—Sa %igtitgace,

o EFIE BERINSA—F—PmEREMEREN TONIE, ExcelI7( L. TFXRT74)L. JOvINRZE. BEEATEL
(A

« TSORFFEBFIMEAA(C. 22— 0FETZERTED, —ABITRDIEEOLD(C. compliance testingT®
HEEENEHUVWEBICDWTEREN S, DLFSM-0. LFSM-U, @FSM. @FRTH#EE. @ RiFIBELZOBEEHDE]
8. OEMELL, @FEMNEN . QB HIRENHZHIAH

FAII2R
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_ RfG 15.6.c Simulation models(cX 93X EFRE

EERBNENHN1OMWEL EDType CORIEA. FIFEIEAFRERFERE R U Type DORMARERMERE L. 8%
B>Z1L—23>FF ). B 21L—323>FF) (RMSEFIL) ZTSOICIRHET 3L,

Type DOFERIEARERMERE L. B2 1L -3 ). B9S2 —23>FF)L (RMSETIL) | @B
2aL—-33>FFII (EMTETN) | &K Z1L—23 TV =TSO T 3L,

RENBEREE. 221 —33>FF)Lh compliance testsDFERAGHER AR EEEE(CL O TIREESN TV L%
L. WEREEZIRMIDL,

B> 21— 23 BTGB EEE IR (CEAIN . BEBFRBHEILLOIDE TORGHRERICH TS, HEFRR COFE
B mOFRN. BIFREZRI L, . REHRBOENEN CGERREERMBOZSFEMEND) OREE
ZEPHNRERICEEUL. RERIEOFRN . BIRFEZRI .

BRI 21l -3 BT IUSEEEEIRRE(CEAEN . REREHNEELL D2 TOFFI R RHIRRE(CHIT D, 1HHim
TOFEFBORRN. RN ZRI L,

S 21L—2a T VLB EEERRRICE SN, BERENEERL D22 TORRIRRGURRRICHIS. 5xl@
DISEEV eSO ST ) ke DY a7 N Rl e
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® TSOlCLBImpact StudylCHERIBEREL THITENTLBID. FTSODMIZZHEZR T IUNEN DD,

R PLANNING CODE
National PC.A.3 POWER GENERATING MODULE, GENERATING UNIT, HVDC SYSTEM AND DC
Grid CONVERTER DATA

PC.A.3.3. Rated Parameters Data

PC.A.3.3.1 (b) for each Synchronous Generating Unit (including Synchronous Generating
Units within a Synchronous Power Generating Module):

« Inertia constant (for whole machine), MWsecs/MVA;

PC.A.3.3.1 (d) for each DC Converter at a DC Converter Station, HVYDC System, DC
Converter connecting an exisiting Power Park Module (including DC Connected Power Park
Modules) and Transmission DC Converter (forming part of an OTSUA).

o RRHERRZU

PC.A.3.3.1 (e) for each type of Power Park Unit in a Power Park Module not connected to the
Total System by a DC Converter or HVDC System:

 Inertia constant, (MWsec/MVA)

(OB R ER BRI (IERI S EBRBHRORE N FEEB(CIRLEERRL)

(T —HDIBEEL TI LN RR-SREHEOTT INREEROP TEHNE DT EHD)
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REH PC.A.5 POWER GENERATING MODULE, GENERATING UNIT, POWER PARK MODULE
National (INCLUDING DC CONNECTED POWER PARK MODULES), DC CONVERTER, HVDC EQUIPMENT
Grid AND OTSDUW PLANT AND APPARATUS DATA

PC.A.5.3 Synchronous Power Generating Modules, Synchronous Generating Unit and
Associated Control System Data
PC.A.5.3.2 The following Synchronous Generating Unit (including Synchronous Generating
Units within a Synchronous Power Generating Module) and Power Station data should be
supplied:
(a) Synchronous Generating Unit Parameters
« Turbogenerator inertia constant (MWsec/MVA)
PC.A.5.4 Power Park Module, Non-Synchronous Generating Unit and Associated Control
System Data
PC.A.5.4.2 The following Power Park Unit, Power Park Module and Power Station data should
be supplied in the case of a Power Park Module not connected to the Total System by a DC
Converter or HVDC System (and in the case of PC.A.5.4.2(f) any OTSUA):
(iii) any other information required to model the Power Park Unit behaviour to meet the
model functional requirement described above.
(a) Power Park Unit model

(b) Power Park Unit parameters
For each Power Park Unit, details of the parameters of the drive train (as applicable)

represented as an equivalent two mass model should be provided. This model should

accurately represent the behaviour of the complete drive train for the purposes of power

system analysis studies and should include the following data items:-

« Equivalent inertia constant (MWsec/MVA) of the first mass (e.g. wind turbine rotor
and blades) at minimum, synchronous and rated speeds

« Equivalent inertia constant (MWsec/MVA) of the second mass (e.g. generator rotor) at
minimum, synchronous and rated speeds
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7AII2R Planning Code
EIRGRID PC.A4 GENERATOR DATA REQUIREMENTS/N7ZX15R
PC.A4.4 Generator Parameters
Turbine generator Inertia constant for entire rotating mass
PC.A5 Controllable PPM Data Requirements// > /\—4A—&E&(FE (LA ) ZXT 5
o IRHEERRZU

KE FAC-001-3
NERC « ECEL
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o BINEH

s BENEHZIBITITTHICIE. FRAI&(H 1 IEC TS 62786-41 ED1) TRESNIABEZWICI. T (CIEWEREEL
BIEEORIE S AT L z2F ONEND S,

o IREBRADEMH(L. EERRGRE N DB LRIMRICEETH. EIFCIRASNARNETEDTH S, EEnfkitae 1h'.
BHEDEBESLURIRE ORI U T SOESL CEREENZRE IS —H T, REXTEIFZDEEHNDOFA (I1—
FAIT—-23>) (CBHEL. EERRGRE NN EDIEEFRINANZREITIEDTH D,

« IRE. FEALDBTMUY —R (SEEEN MV EEHLE SRR S N ZERFAL THD. EErikit LD TR iR H P2 DD E
BIRRBICLD NI Z B LTS,

o BT -FERBEERORENTL. RRES AT LALGRATIENKRDENTVD, VYY-RADEZEAT(E. FEL
DFEDOHNNZBRNT, tREHESREE N ZHIFRLRVCENE RSN B,

* ERI AT LANDELY
* T3 NRIROUE—DIEfi e B2, BHSLICENFESNTAREXE (Protection Zone) DE
* T35 Net)DEE S DIIMIBRETERVT S NNDEIY
o KIMRAON-A-BIRET7> MOMBEEMF(E. ROLIEBFLIBAINMT BN S,
a) “H—EX RIS E " 2 EIME I BN -F-EBRET5> MIGE (. MOEOBHLDBELINS,
b) T35 MIFEFERI AT LADERZIRET B0, 1VN-4-BRITF>2 R NEFAON-F-BFEI-vrD N
Dy (E. DOEOBHLDEEBIENDS (BMEIIREZSD)
C) DB CIRE(CLBION-A-FBETS>O MEEAON-F-EBREIZVMO NI F, MMOEOBHCHESLS
ns>%.
d) 1>N\-A-ERET5> NDEEARGEEA L, MMOIRTOEMHLDEELEIN S,
e) 1VN-A—-BRIZ> DBREN /FBREICEEMH L. LERBHZIRE MOIRNTOBEHLDEELEIN S,
f) BEHFIBES(CIIBIBRITY MIGEL. LERBHERE, MMOIRTOBEHLDEELINS.
q) 1>N\-45—-EBRET5> bEZNEH /B HIHEMLRE (L. FKDDINTOBEHLDBELINS,

(HFF) seomEJ Uy RI—-MRET=, SEERI
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* IRIEIBR T35 MOBEREEMH . ROZEZINAT, FEROLIBIIRLIFIIFTIENTES.

b) MYTEMI, ROFHFICHELT, MOEDEHLDBESREND.

1) EEFRERBENTNORES(SH I DIRED My TR, D KEE160IUREILIRE D MY THRFREID 1% DESBMC
BRTESNTVDIHE. FEDESRARGTIFEZIEZ T, DERE NI LDGEERR B2 T 5L,

2) ZOMMDZE(E. 160ms FIFFTED My TN 1% D\ NHMAREVNA ORERTE T, BERGEZEA T 3.
c) DERZBERHRFETEMH(E, £5C b)ICEEHSND NV ITEMZRE RO INTOBEHLVETTEIN D, BERHRFLE . BEIESR DR
(CLDFR T ENZEIREMEN'®HD. UNUEBNS, FEULR VBB SR TR SNIENBE VO T B E BTSN RV Z
IESEUTE>RSRRV, #E(C, EERAR T (&, BRI EIERNFE T d1E . EMEIRH R ZREL TIER50,
d) BE-BWBHE-RCEIIBHSLVEREBRII-T (BRER-EN) IWEOEME. L5LIER b) BIUIEH c) (CEE#E
NENYITELCRGEAZIRE . MOIRTOBMHLDERBTEND, BE-BHENE-RERERL-TE-ROmAHERTH
dimE. BHEVNEWSMBREINDEDET D,
e) BRMENHIRES (W IZILEF. L5 b)RU )[R MyITELEEAMGEM, W d)ITRIBE-BIHENE-RE
HRURIRE R - TISEDBH ZRMMOETOEHLDBBEEN S,
f) EEGIEHEEE. KOOI TOERAFLDBELRIND.

RfG: 1 NI IEEIRDIREEEIEBN T EERDIOHICREBIRININEED, REKEDEBILE(CESEZEILEIILETH
BEOREEREREZEINT S,
BSEIBAIELT -
(i) network and power-generating module protection
(ii) synthetic inertia, if applicable
(iii) frequency control (active power adjustment)
(iv) power restriction
(v) power gradient constraint
NERC: #3508 1 HIHREDFEBAROHIEIC LN ERREMEENEMELBVLIIMREFRTEZRDD . DEELEIR, HEIEHH
EREZNEIDFEEMNDER.
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o BINEH

o SFEERFOBITIEALE. EHTERL B/ EERICEDINE,

Ip/1q BB (. REFHFE (EEmOX/REE) EBM (BRIFSLUSEHROBINEE Y R—, 1RE
iBREEREE. BIFO/ON-ILTEE.. SWERORIRHZEESLUBMENLIE) (CBEDVWTRDB,
Z<LOJ )y RO— R, BWEFEER RGO CBNERINEBIERZEBHLITELD. 1N —I—EIJRICERLTL
Do

« BN BIRBREE (HCHEHURORE) HEBEERDIZHIEOI Yy RI— RT(E, FHEnEERHk T

HEIERINDBINERZEBITLIT DL, 1N -F-—FBIRITKHBENZ W,

’(//\ /9 EE,/}?D\ ’f/t GJZ}H%}L'E (gﬂb\%%b) k?ﬂ%}béﬂfb\éi Jﬂjtﬂﬁ)().]%)ﬁb\‘;ilénc%t’(\/
JN=A—HA< HE(LEZ)_JHE'ED‘@?Q AN\ -A—EBIRENIE |$0)’J‘78~L\iﬂli_ﬂc_hzﬁ";uéﬂ FBIREEETESE UFCHNPE
ZOHAR]) HRIREERDIHE . Bt EIL GO/ ICEERLDEBERZELIET L. S OHARBICH
(/\_Cﬁ&\)‘).]%/)lb&'fg%ét’-ti’% LDEBERNE D OEIEMRCR B RIEEEN DD, %E&H%O)ﬂxﬂ%mwil(giéiﬂﬂ’]EE.
JEUR—RORIRIE EEBEDEEILANITIEEL BEEOSE RELANILTIHEVEIEEEN DS, BECE T, s
TOX/REEMEWZSD. BRIEFEANEBNEEYR— MCEFS5IB0]8EENHS.
IXBLRHCAIBNTWSENEN (FEEER) LEEE. BTN (XFERER) CEXORERE. B
IMEERL CUVVRECE R, FEFEMESL TS (g fts) XERFOEEALETHEDOREMFRER S, UTEh T,
wmyhER (Ig) 2BER (Ip) LDEEESERE. 1N -F-—EBEMEFGIN TOREMZFICHBNT, LhiR
WEEDEHEIC DRI B EIEEEN DD, CNICKD, BEERRi&R A R— han, B ERRiR E ISR DA EEESN 3,
BCELARILT X (A2H990R) /R (LRI R) EEHMEWVREDIER TENERLDEBNERZ BRI VG
&3, FHlREER g (EMT)DEENEMEIND,

PRENMEY BOIREEDH D RRIRE S AT LAEDBHICEET =N 028, IRTE. (FEAEDTVYRI-RICBWNT.
BTMUY - (CHFEEREA FEREN TV,

INSA=A(3, BE. RFAORERABRCEDIVT, BREOEXRBZIOTAREREIND.
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® IEEE P2800 [CBVWTAY/N\—F—R—-EIRDT 5925 — MEBEDIRET DESHSN TVBIRTT . EIATEA >/ (-5

ER(E. TIVIR— MEBENBEDOIRESN TLRL S, BISHESIBRINEL TLKZEELTIEESD . ENTETSY

I8 — MERENZE D ANEZA TRAMEAZTEDH TVBeD. Ty RI—REL TOIRET EARELVS AN,

A2 IN=H—BRNDT59IZH—NIVSC-HVDCRETRHUVBNTERN, FUvRIA—=2
A8 ERD, Lo T XBRIFERAEF. RFREIRICS

AIORFOAIN-A—EBIRT5> MBI TEEIL, I TICHEIL TWRIXE
ROEIBELEEU TENIFERZE TR,

/nﬁ'f—.[t‘y’JT‘Jj (Cold Load Pickup) . ZEZRBLUFEE-AH-DEAERZERED L. IBESNAMLRHICRETZ1>)(—

H—BIROEENZFMTRE T D2 ENDD,

TARIYFAIRERA NS &R, 55T EO@EYREEABRENTUNE, T39I~ MEBIREL GERITIRETHS S, BERMIC
ERENTA DN -F—BRNSDT59I5— M —LR (., XE

EBIEABELARED L TERESNINETHD,

I REFICBIT 2T 59 IR — MEREEM(E. &
9214 N\-5—BROT 9IRS — NEHZBATE(CE

RINETTHD.

S RRICBNZMHRBLInHB L, FELTVIIXER

ASADE b - A—RIFA4TI AAY RS FD BAA—-AFSUFPHD EAA—-ZAFSUPHOD
AEDBESS DersallochEhFE®EARC) Dalrymple BESS(% Hornsdale BESS(5)
(¥14o207Vv K@) @
E=hEE 20165 20194 2018% 20175
=y aE ] S —tILATE—F (100%V—5 - BhEEROETEETER « BEEEORE AR EEE - 2B ) =S HRIEEE
—+&EE) Eﬁﬁﬁﬁwtﬁ*ﬂlﬁﬁﬁﬁ%ﬂ@ - 33kvECERIRODL T 24 HMEHT— FTEE .
EERACESROEBNGRGE : E—0 | - JSu 25— REGUw E —hMZ&£BTZv ORI —F | - VMMOZR—F2 bhtiEsE
BiEECEREML EERE. &b EDEER 7w R 0O— =4
PRz (GFL) drah—7> k&
EaSES LUEET - FICET S TS
PR E R
BAHEBDYE | EHEREST : E—o/E2MW. PV IMW AL RS2 -7 | 8 MWhMDBESS (30 MVA 150 MW/194 MWh@DIF/L
o 4.1MW. UFJ - AZ5.8MWh JLGFMOZ ) (—SENEEM BESS GFM-1 >/ \—5#FRA) . | +—sEESsEr>>>U—
(2.2MW GFM-{ >J{—52ELER) . RE | 238 91 MW@MEANFEER. 2 MW | O—EZ (FCAS) &gt
HioE OEEBEZEIPY
HUw EI# | SMA - 5CS (Sunny Central Storage) Siemens Gamesa (FO4% /7 | Hitachi ABB - e-mesh Tesla (0477 4(3488)
—=Ha> | 2200 &I37ER) PowerStore Modular
N—% mE
JO59k
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RE/ 7L R/KETIE VAT ROLICT (Y RUZN AZBIEUTcRE RS mC U —EPE (e &HN
RBonan'. FBEEICHITIMRELLEATIEBNRESN TS,

BATE. 742 RUZRCZAFROEHE. hiERET TR TN, BAE(BASE)UTEED . INE=Z/—HESKEE
BREOEBEMPEVREESRZETEIN &R, EHRO-—-X (TiHZRET0Efm) LEHET. MBEH4ZE
fBUTUKZEELTIEESD . BB, EV (BBEZETR) (WU TRELEREMEBAADIEZKOHBINEIHRE, Ty
RO— RIRST S TOHIRTEEELLC THIEERETN 507 TO—FMEL TIERON,

- Z¥[E National Grid

National Grid £7>33—H—-EX%#E#ILTLV% Demand Response Providers (XU T. ‘Demand Response
Services Code (DRSC)’ (*1DWIN—DF(IEEDHEERIRM) 2y RI-RXERNICRELTUVS, L TVRVEE
ZK(C(FEAUBRWV, FFHOTHIZEA IR B ISREL TV,

*1 (a) Demand Response Active Power Control
(b) Demand Response Reactive Power Control
(c) Demand Response Transmission Constraint Management
(d) Demand Response System Frequency Control
(e) Demand Response Very Fast Active Power Control
« 743> K Eirgrid

Demand Side Unit Operators ® Demand Facilities/Demand Side Unit (BE#Ez(375VU5 -~ AMWEL L) (33U
T, FTEO—- FEHA(EREIEER - HIEHT— BT BIFEHR) 3zt 1— FEH(DRIESEIOMW Response, Maximum Ramp
Up/Down Rate, Minimum/Maximum Down Time, ZEREREY/ EE/HXREEH, WERYIS4EE )2y RI-RXER
([CRRELTWD, BB, 733N —H—-ERCBETIEM(L. DS3 System Service Agreements ([CRRELTLD,

(P BoEJ Uy RI—-M&FT =, SEERI
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o JUyRI—REIEIBFHIR(L, BEROIREEIREN - BEEHE . ARSI RMEFFRTEFRRMWBITEOEK. BN
[CHFDRFER M BAOTREEXMBEIITIRIELRD. BFORBNAE SEEWMESIH TOIRETH,

POE S « National Grid&7>33V—H—EADIREZEZHILTVBT AN RURAR R B EEE

H—EXX53 1. National GridDig7RICLDHI1EH
o TANRUZARS ZERNE I
o TANRUZRS ZEESHEE ] il
o TANRURARD ZAXREHIFIESIE
2. T7>35)-HY—-EXEHCEDE. National GridhSDIERICEDH BT EISE RO EENEER
o TAYRUARI A AT LB S
o T4 RUZR ZBERBERNE ] i

F4IVRUZRS () ECC.6.1.2. 1[CHES BERMEHOBHEHEIT L P S —p.
ABEIENGIE (b)) ECC.6.1.4.1 (CHRESNEEEREFHRDOERZWE I DL
EXRBHIFIEIE (o) 723U -ERDEHIZMHREST, SATLNSHEE HEHIEIT3ENTERE
(CLBFTEZRDE (d) National GridhSIEIEX(IE=FZEU T IBMEIBLICRIBUET YO RUZRI A —EX ([CHEL. 2D
SHOYFERIE FEREEIDIEREZIIDENTERL
(e) 7>33U—H—-ERDITHINSIAEOT. BIENFIENEHORNZIFREINICGRARETECL
(f) National Gridh"F1TUEEHIO-DEEIERZTR(CEIT TSI,
(g) 7>33)—H—-ERAZICEDE. National Grid"FE1TULRIRINIERDEIT4E. National GridDIE7RIC
INERBZFEZHNOIEETHDE, COLIRIERE. TAVYRUZRIAY —EABEEB O TS, FEXI(E
TEREDNYITES|EE I OEEEDH DB EDTEREMNEEMZBIRVEDET 3, BB HF(3HE
MEHIO-DEEDIER(E. BIFERIOEZEDNIREZB TN, WHRBIISZECHEVNTE, 723 3U-H—-EX
LN DBF(CER T BENRETH D,
(h) FAHEBERBENEEINLIHZEE. BETE7> 33— —ERZHAE > THL(OBA T AL
(i) 500ms OEEEIRRTRESINEREAX 1Hz/s DI RATLARRBOZLRICMR 2 ENTERE
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e

FRORURARY  + TO/H1E, ESHFIE. EE. FIMEEEEIEL. BELES 2T LB HAVEIRT 3l BT 35R
ZSAFLER  RRBEEREI M| U TOBEERECRIET 260 3.

BH@ET5®  (a) ECC.6.1.2.1RET SRRMIEHOBH BRI 3L P ———
BROIZHOFF  (b) ECC.6.1.4.1 (AREIDEEEHBEDOEREMEI DL —
R () 7>53—-H—ERZRICRIBRDESABLIED, 0.03Hz U FORRBRIBEETBCL. COBMHE, 3B

M EREICE Y —EXDH MR EN DT 1> RUZRS 2T DN S (EBAINR,

(d) T4 RUZRD RS AT LERESHIEIOBEE R F. 7> 3)—Y-ERZHORIACLDEDET D, FHHEZ
BT BI8D, BRI BEIRELEY —ERCRIU T, EHnEER(FE RSN,
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. Corporate Plan FY2022

- Maintaining Power System Security with High Penetrations of Wind and Solar Generation, Oct. 2019
. Renewable Integration Study: Stage 1 report, April 2020 (20205F4H30H Version 1)

- Renewable Energy Integration — SWIS Update, September 2021
. Power system requirements, Reference paper (202057H24H Version 2)
. Technical Integration of DER Report (201984H11H Version 1)
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Figure 3  Summary of identified system limits and remedial actions, overlaid on instantaneous penetration

of wind and solar generation, actual in 2019 and forecast for 2025 under ISP Central and Step
Change generation builds
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(HF) Renewable Integration Study: Stage 1 report
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Table 2 Technical attributes, and services required to deliver them

Technical atfribute and section of report Requirement
where addressed

Resource adequacy and capability
There is a sufficient overall porifolio of
energy resources to confinuously
achieve the real-time balancing of
supply and demand. (See Section 3.1)

Provision of sufficient supply to match
demand from consumers

Capability to respond to large continuing
changes in energy requirements

Metwork transport capability

Frequency management

Ability to set and maintain system
frequency within acceptable limits.
(5ee Section 3.2)

Frequency within limits

Voltage management

Voltage within limits

Ability to maintain voltages on the
network within acceptable limits. (See
Section 3.3)

System restoration

Ability to restart and restore the system
in the unlikely event of a maijor supply
disruption. {See Secfion 3.4)

Ability to restore the system

(HF) Power system requirements, Reference paper

Service(s) needed fo meet
requirement

Bulk energy
Strategic Reserves

Operating reserves

Transmission and distribution services

Inertial response

Primary frequency response
Secondary frequency control
Tertiary frequency control

Slow response voltage control
Fast response voltage control
Systemn strength

Black start services

Restoration support services

RR—S(TH1 s
24— ) TR
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Figure 1 Operation timescales for services needed
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Figure 4 Summary of required system services, and capability of technologies to provide them 93
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Note: Classifications are indicative of general ability of each technology type. The extent ta which technologies can provide each service must be assessed on the specifics of each individual system 5‘;
1 This includes generators with ability to operate in synchronous condenser mode. ~r
Za.  While many synchronous generators can provide energy reserves, some |ess firm technologies (solar thermal or pumped hydro) will be imited by the amount of ensrgy storage they
include.
2b. There is 3 wide range of capabilitizs regarding synchrongous generators ablity to provide flexiblity. Ultimately unit fiexibility is 3 preduct of individual unit design and the economic
circumstances around it's dispatch..
3a. Limited by duration for which service can be delivered. — P » =
3b. Limited by duration for which service can be delivered: existing controllability is limited. ﬁ:@ﬁjﬁg _EBE_‘-FJE Z:EJF]E
ES The provision of local voltage suppor from generaters and loads can improve the Network ransport capability near their respective connection points. - -
5 Some fast frequency response capabilities can be substituted for 3 portion of synchronous ineria, but are not considered eguivalent. E>
& Static synchronous compensators with energy storage devices are being tialled as an emergency provider of inertial responzs.
7. Except for lozd relief B )
2. Includes fast frequency response capabilities. Ensbles Defuary Fartidl or liritad Deffvary
9. Irverter-based resources can provide black start services, although none are currently contracted for SRAS.
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Table 4 SA wind farm responses to six voltage disturbances betwesn 16;17:33 and 16:18:16 on

18 September 2016
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Requirement Automatic Minimum

Number of recurring disturbances

Sliding window time MO sliding time window. Only 30 min

grace period following a 5 min period
of multiple disturbances
Recurming disturbance time 2 Oms > 200ms
Maximum # disturbances within 30 sec Any, unless multiple disturbance 3
requirements are exceeded
[ *
11 nationalgrid

(1P Grid Code Development Forum, 08t July 2020, National Grid



