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E52[E1J )y RI— RMEFTX(CBUVT, CA Rule 21 (32485 4 2MERUILN. ZDENDFERC Order,
NERC Standards, IEEE1547-2018, RTO/ISO (PJM, CAISO, ERCOT) D#tEZAE. JUyR
J—MREIEOFEHA - P RAMRE S RICK/NA B VBRI 2.

FERC Order
NERC Standards
IEEE 1547-2008 “Standard for Interconnecting Distributed Energy Resources with Associated

Electric Power System Interfaces”
RTO/ISO (PJM, CAISO, ERCOT) iz

RBRICIERT I 21N\ —F—BIRZMNZHREL T, IEEE P2800/'2021F4QICHITEFE TH. HhE
CRETS.
IEEE P2800 “Standard for Interconnection and Interoperability of Inverter-Based Resources
(IBR) Interconnecting with Associated Transmission Electric Power Systems”

1>\ -4—EBIRICEAIDNERCFHITOReliability Guideline t&DE TGRAE. Filigmz2EI 5.

NERC Reliability Guideline BPS-Connected Inverter-Based Resource Performance, September
2018

NERC Reliability Guideline Improvements to Interconnection Requirements for BPS-Connected
Inverter-Based Resources, September 2019
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it/ BIR/RAZDORE R

AcEs/iXE =S ®E
TE Low Voltage Medium Voltage 1|—1”§:\/Vilga8?§/ Extra High Voltage
= < 34kV 34kV, 46kV, 69kV 1 61kV’ 230le 345kV, 500kV, 765kV

FERC Order
NERC Standards
BRI SR
= = IEEE 1547 IEEE P2800
PJM Manual
CAISO Appx.V, T
ERCOT Operating Guide

(HAR] : United States Electricity Industry Primer, U.S. Department of Energy DOE/OE-0017, 2015
https://www.energy.gov/sites/prod/files/2015/12/f28/united-states-electricity-industry-primer.pdf
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it/ BIR/RAZDORE R FERC

LGIA: Large Generator Interconnection Agreement — XIZR(&20MWiB
SGIA: Small Generator Interconnection Agreement — XHRIEF20MWELTF

230kv \. /

NAAAY
Y'Y

115 kV

7z

o
e 300 MVA
| Z S 115 kv N\ /

69 kV | | 115 kV 115 kV

115 kV
676 MVA 674 MVA 676 MVA
A + + IEEE P2800 “Standard for
34. 5 kV Interconnection and Interoperability of
Inverter-Based Resources (IBR)
Interconnecting with Associated
M Bulk Power System Transmission Electric Power Systems”
19 MVA M Bulk Electric System - iﬁ%liﬁ%%%ﬁg%ﬁ%ﬁ?&f)}K‘—’S’%}‘Jﬁ
1 MVA . _
it IEEE1547-2018 “Standard for Interconnecting Distributed Energy
Resources with Associated Electric Power System Interfaces”
— WRIIECERGIERTI 2D EELEIR
1.5 kVA (Bulk Electric System(l3&#t 3 2EBIR(IXTRTIERL)
PRINERC S f Activities BPS-C ted Inverter-Based R d
) [ I A Gslziy ummary of Activities onnected Inverter-Based Resources an

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN
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CA Rule 21 (8B2[EI&KEI=T

i8&) & FERC Order, NERC Standards, IEEE1547-2018 OB

e LLF TR,
Product & Installation Grid Interconnection & Communication Certification B Approval rate of

" Requirements Functional Requirements Requirements >90% among 380

e balloters

§ o merent sutnorty) | | = i

S no inherent authority) m |[EEE 1547 is a

0 voluntary industry

2 UL 1741 standard — no

o (Listing / Certification Test) inherent authority
A — . .

o National Electrc cod j B Requires adoption

c ationa ectric Lode .

-8 (voluntary) NERC! / FERC? > t(;y an Authonty

© overning

= .

° {d} 7 1P p | Interconnection

! State Codes/Laws State/PUC Utility Laws ;

g (selective adoption of NEC) (e.g. CA Rule 21) Requwements
1 4 — For example, a

S Local Municipal Codes Individual Utility Generator Connection Agreements PUC, munlc_:lpal

9 or cooperative/

| |

! e.g., NERC PRC-024-02, 2 e.g., FERC Order No. 828

governing board

[LEFFINERC SPIDER WG Meeting Austin, TX, Jan 8-9, 2019 &RILDAISHLRESICTINE

@ B E R e A e

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN

0CCT0



KEHE

(O) JERICHIBFRIZE R/ BIRD B R

uﬂaiigﬂ(gﬁtﬂo%ﬁ&@ﬁ%&fﬁ R

I—'—I/\E

I N N

FERC Order

NERC
Standards

IEEE 1547

IEEE P2800

PJM (RTO)

CAISO (ISO)

ERCOT (ISO)

Organization for Cross-regional Coordination of

@ B E R e A e

RIFRFEBRR (20MWIER) . /NMERFEBR R (LOKWRiED A >
N—E—BRER 20MWELT) . RARBICETHRHERD
BERBERFIHE

RIRHHE., RERBREENELBRMABEEIIRETNET —
’5‘ REXRORMIBEGEMFICET MR

DHBER (BEMEEZF OBDZED) ((BIIIRFER
(Interconnection) HLUHEEERM (Interoperability) O#R

2. IRE R SUbiXEXRHE (Transmission or networked

sub-transmission system) SLUBEZEMLEENHDDT Y RLX

YAECOE )N

AN-45-BF (RHDFEE. KEHRE. EFM. Type3-“E&Eif5

B/ ESRFERBHARANRE) ((BIF3RTERBIUHEEE

BAMOiRE

Manual 14D: R EHED RMERICE (TE5HIES LERDEXK

EI1F

Manual 14G: /MRERERBICE ITARMERDERSEIA
Open Access Transmission Tariff Attachment O Appendix 2:
RMERICEHT LT

Appendix V:20MWEB DR EHRFEIHITEEREIER
35, Appendix H: BN B EICIREL-EREIE

Appendix T:20MW LT DR BI85 1T HEREIR
5%, Attachment 7: JEEI A BR1E 2 ICBREL-EREIE

ERCOT Nodal Operating Guide: ERCOTY AT LNEREH

ERE

£ EIRE

- [EIHAFE R
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FRIERYA )\~
H—. I\ =45—
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ZENE

2ERE
EExIH
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ZE R
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*1 NERC Standards|&&ZEHZEITHEN D FEINA TS
*2 FEHKEW. —FH4E (doubly-fed) . 7\ TL-#£35 (electronic power generating unit) 59

Transmission Operators, JAPAN
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(100KVELE)

20MW 8
20MW LR
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Aggregated
DERM
500kVALLF

20MVA#B

20MW &
20MW LLF

20MW &

20MW LLI'F
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*3 ERCOT Planning Guide Section 5: Generation Resource Interconnection or Change Request
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(1) FERC Order 38

FERC Order OFE:%mlCX9 25712

Order No. 827 : Reactive Power Requirements for Non-Synchronous Generation

Order No. 842 : Essential Reliability Services and the Evolving Bulk-Power System—Primary Frequency Response
STANDARD LARGE GENERATOR INTERCONNECTION AGREEMENT (LGIA)

SMALL GENERATOR INTERCONNECTION AGREEMENT (SGIA)

Order No. 828 : Requirements for Frequency and Voltage Ride Through Capability of Small Generating Facilities
Order No. 661-A : Interconnection for Wind Energy

LGIA APPENDIX G : INTERCONNECTION REQUIREMENTS FOR A WIND GENERATING PLANT

[HHFRr) https: //www.ferc.gov/industries-data/electric/electric-transmission/generator-interconnection/final-rules-establishing
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(1) FERC Order 9

FERC Order

No.827

Reactive Power Requirements for Non-Synchronous Generation

Im. A

Reactive Power Requirement for Non-Synchronous Generators

BAREBLEH. FzITHEG T OERMRERK L. EUNBENEHHLEIT I

Power Factor Range, Point of Measurement, and Dynamic Reactive Power Capability Requirements

H=ICRRICER T DERARERFE L. WEREZEH0.95~BN0.5DEHHEHIFTH L, TDR. 10N\—2— B
BAMEEE. T/ \O2—FZFFALTKL,

Real Power Output Level

MICRRICHER T DFERARER M. BICRARERBIERASNTODRIIZ. BMENDOHANEEDI0%LUT
DIHFETH, LEENROHBEHRFT DL, (10%UTIIHRNETDIREZL TV, &RIFD A /\—F—TILAIEET
HY . RIBICAND LT, BT EHEZRET HENDERLNHY. 10%LUTHLARERFOMREL =)

Essential Reliability Services and the Evolving Bulk-Power System - Primary Frequency Response

Requirement to Install, Maintain, and Operate Equipment Capable of Providing Primary Frequency Response

H-CEATRREERMBL. MEOK/N, AH/FERZCH MY, Primary Frequency ResponseZ it C= 5% H%
HRETIIE, TDEOIZ. BEHEHZRANL. BRI TENEBHZRAMTESANTZERTDHIE,

Including Operating Requirements for Droop and Deadband in the Pro Forma LGIA/SGIA

H-ICBATERERMENER/IT 2H/3FIZHL T, DrooplEFzA5%. Deadband( +0.036HzE$ 52 &, Balancing
Authority(d, ANF DEREEEHER-RETHIEL,

Requirement to Ensure the Timely and Sustained Response to Frequency Deviations
Primary Frequency ResponseZ @I ZHHIAL . ##F 3 51=012, A3+ RETSU M) E—MlEZE . EELTITSS
&Eo

Organization for Cross-regional Coordination of
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(1) FERC Order 10
FERC Order
LGIA Standard Large Generator Interconnection Agreement
Power System Stabilizers (PSS)
5.4 AR DR ERE L. Reliability CouncilhNEE T 2HARSA VB> TRMTELERE (PSS)ZEHT DL,
Information Exchange
5.8 % BEEHLSUIZTransmission Provider, Transmission OwnerlZHEREEETEE. LERMKEOBBMELLY
:Eﬁn‘fL’DLVCU)'Iﬁ#EﬁC?@%?‘_IL‘ Z\g&nzn‘fIE’éﬁ5C
Power Factor Design Criteria
9.6.1 RIS T ARBREIL. NEEEH0.95~EN0.95DEFEICHiIFTEILE,
Voltage Schedules
9.6.2 RMICERTHIREREIE. HNFTLEBETHER(AVR)ZEHTHE,
Under-Frequency and Over-Frequency Conditions
9.7.3 EEL AT LKL, under-frequency o152, AFAIRT OIS LZ BB TR T HLIITREF SN TN S, Rt
5 ARBHRMEL. BEBHEEHEEICT 58I, under-frequency&over-frequency DR EM EREFRTET S &,
System Protection and Other Control Requirements
9.7.4 RERBIC. AT LREREEZEH-HIFT DL,
Requirements for Protection
9.7.5 REREC, REMTE - BEMBELERBL. RHEHOOMES-YIBZEETSTL,
Power Quality
9.7.6 ANSI Standard C84.1-1989. |IEEE Standard 5191Z#>T. ZVyHPEE-BEFREBDEAEELSEHINIE,
Disturbance Analysis Data Exchange
9.10 A0557, REMERRTE. BEWFRE. O—r U RE, ERCEATHEMNELT IV LRIEMEEZTV. BREXRERE
Z# &L Transmission ProviderhV B L TEM S FTEITOIC &S
_g Organization for Cross-regional Goordination of

0CCT0
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(1) FERC Order 11
FERC Order
SGIA Small Generator Interconnection Agreement
cEXBRRERENBTERRM. BFEEEICERLAEAIESNGENKS. BIKHride throughBE hE LU, BEride
throughBE Wz MR I 5L,
157 s RE. BIED &AL, Good Utility PracticelZHFEHLL =D &L . Balancing Authority Areal D fth D FEE R ERF D
EEZHERATDHIEL,
Power Factor Design Criteria
1.8.1 RIFICIERTIHRERBEIL. WEEEH0.95~EN0.95DEFHIHFT DL,
No0.828 | Requirements for Frequency and Voltage Ride Through Capability of Small Generating Facilities
Referencing Specific Technical Standards, 3. Commission Determination
FNEFNDREZRMICR S LI-EHEEi it EHE%. IEEE 1547%% 5B L DD, Transmission Operator& E# LA A
B. H.RHBIE, (BE. AKE. REIOERNLGCEHEEREZKDIERNH o= FERCIFIEELT=,)
BHILEEEE #EMET

Organization for Cross-regional Coordination of

0CCT0

Transmission Operators, JAPAN




2. KEGRERE
(1) FERC Order 12

FERC Order

661-A Interconnection for Wind Energy

i. Low Voltage Ride-Through (LVRT) Capability
BAOREREX., MEREFFNI~ITAVIILDOBE (ZHDIHE) T, hD, EENEHKDO.15p.u.LL EDIFE (L. Rff
EREEREFRGT oL, BMIERERBEMNIVAVIERBA-IGEIL. RN SHEEFILTELY,

,?fgle:g)ix B | ii. Power Factor Design Criteria (Reactive Power)
Appendix BARERRL. NEZHEA0.95~EN0.95DEHHIHFFS S,
G)
iii. Supervisory Control and Data Acquisition (SCADA) Capability
BARERIL. REDIEBE M ZHERT H1-5HIZ. Transmission providerMo>NT—2E L VIEREZIETSH-HD
SCADA #aeZ R T 52,
BHLEEBHESHERHR

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN
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. KERE
(2) NERC Standards

NERC Standards®733E (OG5 KXENKIRETART

NERC Standards}

Resource and Demand Balancing (BAL)

Critical Infrastructure Protection (CIP)
Communications (COM)
Emergency Preparedness and Operations (EOP)

Facilities Design, Connections, and Maintenance
(FAC)

Interchange Scheduling and Coordination (INT)

Interconnection Reliability Operations and Coordination
(IRO)

Modeling, Data, and Analysis (MOD)

Nuclear (NUC)

Personnel Performance, Training, and Qualifications (PER)
Protection and Control (PRC)

Transmission Operations (TOP)

Transmission Planning (TPL)
Voltage and Reactive (VAR)

13

i5am 9 I ZFHIBEIf R I 2ED)

G - EIREGRR . AT FIREILE
BAN-TF2)F13IR

FEE B OISR

IEERIDER. J3vIRA9— BRI OEIR
STEEF DA > NI BRIT 4 DIt DRI ETRH

RFERDORT 21— EFE
U7 V54 LEa1R - Hll I EE

FEEFEE(CIREEE. Volt/VardlfEl, 1\, &fatlE. B3hES/
LR HIHIOEEEET I - NIA—FFEDT —HRH. FIENHIARATIER DI
H. FETRET)LORRL. FIEHAOT -4

[RFHREFFROLZEREEGLFIEDs, HEFEEOXBEREER DR
BEEK

ARL—5—-D1ER . 555

(RIFROBAFEZEEOHD) REXBDTE, FIREUE T K& arHiR.
REBERSREFIR, REREXROFTBEE, EBELBILE, (D MEE
S DERMTHRE . AT LIRE. RERH . RNERFHIDRLE

RHUEROERILCRELFAIRTEN LT DRDDT T3> BB
T—HREK
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(2) NERC Standards

NERC Standards®>%5. SABMROLMEBFICEFRT BStandard GEANGenerator)
NERC Standard

BAL-001-TRE-2 Primary Frequency Response in the ERCOT Region [&&RERKEEZE (ERCOTHEBX) ]

COM-001-3 Communications [&#{E]

EOP-004-4 Event Reporting [4R>KLR—HK]

EOP-005-3 System Restoration from Blackstart Resources [J5v9245—RERNMDI T AEIH]

FAC-001-3 Facility Interconnection Requirements [F&E & mDRFIEHT 4]

FAC-002-3 Facility Interconnection Studies [FE &R R IEHARET]

FAC-008-3 Facility Ratings (%@L —71>%]

MOD-025-2 Verification and Data Reporting of Generator Real and Reactive Power Capability and Synchronous
Condenser Reactive Power [RE#DBR/ENESH . BEAI> 7> HOENE S (CEEI 2 M T —IDikE]

MOD-026-1 Verification of Models and Data for Generator Excitation Control System or Plant Volt/Var Control
Functions [FEEMORITEHIES 2T AFIZET 5> NOEE /BN EHHIENCRET3ET)ILET —HD5HT]

MOD-027-1 Verification of Models and Data for Turbine/Governor and Load Control or Active Power/Frequency

Control Functions [9—E>/HN\F—&SLVEEHIHER(SBRIE N/ BEREHIEHEEE CBIT 3T ILET — S D5THi]
MOD-032-1 Data for Power System Modeling and Analysis [/X\T—>2FADOETI>) EBRMTRAT -]
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NERC Standard

PRC-002-2
PRC-018-1
PRC-019-2

PRC-024-2
PRC-025-2
PRC-026-1
PRC-027-1
VAR-001-5
VAR-002-4.1
VAR-501-WECC-3.1

Disturbance Monitoring and Reporting Requirements [{BELOESIREIRE]
Disturbance Monitoring Equipment Installation and Data Reporting (BELEAREBDREBELT —FiRE]

Coordination of Generating Unit or Plant Capabilities, Voltage Regulating Controls, and Protection
(FREIZYNERETS> bOBkEE. BT A, HLUMFREDT)

Generator Frequency and Voltage Protective Relay Settings [FE#DREKREEBEREIL —DFETE]
Generator Relay Loadability [FE#IL —DETEHEES]

Relay Performance During Stable Power Swings [(EERFEEZEN XTI 2UL —I4HEE

Coordination of Protection Systems for Performance During Faults [SB#FRES AT LADH]
Voltage and Reactive Control [EBE/#EExhE %]

Generator Operation for Maintaining Network Voltage Schedules [R#EEHEFOIODFEBHLIRIF]
Power System Stabilizer (PSS) [T EILEE]
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NERC Standards

BAL-001-TRE-2

Primary Frequency Response in the ERCOT Region

R6

7373+ ®Deadband. DroopldBalancing Authority 5D IERAELRY FRICEH SN TS EFEMANIZHIR 9
HZ&,

Generator Type Max. Deadband Generator Type Max. Droop %
Steam and Hydro Turbines with +/-0.034 Hz Setting
Mechanical Gover.nors Hydro 59,
All Other Generating +/-0.017 Hz - - : , -
: . R Combustion Turbine (Simple Cycle and Single- 5%
Units/Generating Facilities .
Shaft Combined Cycle)
Combustion Turbine (Combined Cycle) 4%
Steam Turbine*® 5%
Diesel 5%
DC Tie Providing Ancillary Services 5%
Variable Renewable (Non-Hydro) 5%

BE.FUALE. BFRDOANFTTREBURENA/N\FDDeadband T#HB60,000HzE B2 F-1BE . H/N\FTD
BREIIUTORTEHESNDIBEIZHSE,

MW Gcs
(3.0 Hz—Governor Deadband Hz)

For 5% Droop: Slope

MW gaes
(2.4 Hz—Governor Deadbaend Hz)

For 4% Droop:  Slope =

BHLEREEEHEME

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN
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(2) NERC Standards 17

NERC Standards

BAL-001-TRE-2 Primary Frequency Response in the ERCOT Region

REZEOMAEIL. REODBRIBICEDVTHNTZRELIILERTIIERE T HI L, iHHDFIEL TIE
LUTDLOENETFLEND,

M6 « H/\FT XL R—k (Governor test reports)

« H\FE%E L —k (Governor setting sheets)

« INTA—I UV REZ=AI 2% LR— (Performance monitoring reports)

REXRBOMBEIL. ANTEERLGVTER T AELGEANHY . ANFTEFEALGNIEEEHLTLNS

R7 BaERE. EERMICERSN TV ARBEREEEHRICRGT HRETEELE TN EEDE,

BHLEREEEHEME

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN
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(2) NERC Standards 18
NERC Standards
COM-001-3 Communications
RS Generator Operatorld. Balancing Authority$s S U X BB EFLDBTRIERELT AT S5 L, BIEDESTERAML
=15&. RIIMNBERIN D,
Generator Operatorl&. Balancing Authorityds FUNMEBE X ELDB TRIEWMKIEEZ A T HILERTIIEFL . W
M8 FIIGCTIRET A& HlEL T, RIS (7T Eyb) PRBOLHE - REEMH. TR AXL—42—00O%
BRiik. BRLROELENHD,
R11 BEOEEERILIGE. BEICFI > TEELZTHEMBEMEL. BEZREILI-ODEREAREGIEEEZ LD
&,
BEOEEERELGE . BEICSI > TEELZ T -SRABEHEL-CLERTINEEFEL WEICIGCTRM T
M1l BIEPIELT . ARL—2—DOT . BEFRLH. ER i xDELELNH D,
Compliance Compliance Evidence Retention
12 P Generator Operator|Z& A EHR8E LURLL, FEERMSE LUMILIZDWNWT, BEEE1LI2MNA S DXELOHSDERE
' RHRTRET DL,
B AL E R AT

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN
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(2) NERC Standards 19
NERC Standards

EOP-004-4 Event Reporting

EEZE(F, KEEOAttachmentlIZEDE, EAEESHBOCBIFLUREFICHRE T 5-HOTOrILESLENR
R1 MEEERET H_E,

BEEI. BHERETEICE DV T24UBRBIURNE - IEEER (FRIABER TREEALIT) DR TETITHRES
R2 NEHREEZETITHE,

EWMHEDIIHLEL T, S2AN5SE T LF=EOP-004-4 Attachment 2 Form=E1=I&DOE-OE-417 Form®aE—& . 248
M2 BIURAE-IIBEERETICHENTON-ZEZBAT BB ARL—F2—0 07 PREHENE, EE LR,

Attachment 1

Attachment 1

BF A D7VLIVH)ERET AL,

Reportable Event: Damage or destruction of its Facility

Generator OwneritliGenerator Operatorld, A&HEHEYL. ZORVDHITEISERT HiERDEEZ O
EABHOIGEIX. RETHIE, BH#X. RO ERBTEEZHTE2ELEDTHEVRYRET IZHLETLL,

Reportable Event: Physical threats to its Facility

Generator OwnerZfz[&Generator Operatorld. RIEPCEAKEICEEL-BRBZRE. BEDEELEE(CXE
EEIRNOHLIMEBHLGERC., BERNICFAEBLHB[OTINH -GS METHIE,

BHLEREEEHEME

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN
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(2) NERC Standards 20
NERC Standards
EOP-005-3 System Restoration from Blackstart Resources
BEEBEEERLUVITSVIRE—NEREHDGenerator Operator(d, £HZBHRELE-E@ICEETIVIRE—F
R11 BRZNFEISEVNESELLFIBCTOMILNERET S, cOENITIE, TIVIRE—FERDOTANEHL
BEENTLSIL,
n12 To99R3—hERZEH DGenerator Operatorld,. FEBEDEBDI-ODXELSNI-FIEEZERT S L,
TS5y RAA—RNEROMEEICEEMNH-T-154E . Generator Operator|EZE B E 24 UNICEEFT EE(IENT
R13 5HZ&,
TSV RI— BRI FTEEYMEET S LEHRT 5. EEFEEFNRELEHITH->TTRMEERL. i
R14 I DL, TRAMDRFICIE, DIEKELBRODELTH . 1=yh4, B, TANMAMB., 2=y OEBE LB,
BEHEE-LTOVENVER DIE#RE ST 2 &, Generator Operator(Z. Reliability CoordinatorEf=[Z:XEEEEI S
BRI H-1-15HE.30BURNICT VI RI— D TAMEREFIRETHI L,
TP RI—FERDOEEICEREF DIEAHEIIHL. 2B LICKRE2ERON —=2 0 Z#REB 528 FL—=
R15 VUL EEBEXELOREEZEL VAT LB EVPRI2ICE>TXE LN -FIEDIEINEEND,
Generator Operator(d:. Reliability CoordinatorhE 3 & HAIFE CEE . 3oLl —aF)IZSMT 5L,
R16
BRI EE # K4 AT

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN
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(2) NERC Standards

NERC Standards

FAC-001-3

Facility Interconnection Requirements

R2

Generator Owner(X., Ff=ITEHRIN - RiED B ERMKICEBRIN-IGEDEEE~ADEELRET 516 . 458 L
RIZREDEGEHEXEILL,. EXRIZIGCCTRHETESLIIZTSIE,

R4

R EDIEHFEMHIZE LT, Generator OwnerlZUL TODIEBZERT A&,

G ERICE Y THEEEZTA VAT LANDEZEDRAED-ODFIE

R TS T EEZ (AR T LDEERICEEEE T AEIBMNT 5FIE

R EIERIBICER SN -RER B L O TEEEZITIVRATLDEEEICEFEETHEIC. TOHREN
Balancing Authority DR TH A LE MR T DO DFIE

FAC-002-3

Facility Interconnection Studies

R2

-G RERFOEGR. T BFEORERBOEHLE KIRIZEE I HGenerator Ownerld, EEEBXE (FHEE.
OA—TA7+—3—F) IZKBUTOLIBRAEICH AT HE,

cFIRDER. T-E. BIFEOEGERBICERBLEIGED. VATLOEHEE~ADEE

* SN HNERCODReliability Standards. g H I PEBEEREDRELGLVIEREOEREZH DIEST
cBERESIVEEREIZEITEV AT LMRE

GABORNREMH . DATLMRE, RBES
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NERC Standards

FAC-008-3

Facility Ratings

R1

R7

Generator Ownerl&, BB SV LB THE T IR ERBDRatingERET 2-ODXEFHFDOIE, TOXEF. LU
TOWTIIIZKDEDET S,

« RETRFE (T RFDRR. HEA—D—ICLSEE - THRE. TEMNH . EREZE I ANSI, IEEE) #IZ&>T
Y (W k310

s TR RITICE > THESN-HBEFORRER. e BRELILBEDO MR FFDRER

Generator Ownerld., Bl E LU+ ﬂfFﬁﬁTé:&ﬁ*(%ﬁiﬁ EH—‘? BEIZ L HRe-ratingEn =X EEZSL) DERED
Rating% . Reliability Coordinator, Planning Coordinator, X EEEEANERIZIGCTRMHTHI L,

BHLEREEEHEME
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NERC Standards
Verification and Data Reporting of Generator Real and Reactive Power Capability and Synchronous
MOD-025-2 . o
Condenser Reactive Power Capability
Generator Ownerld. Transmission PlannerlZ, BB NEEDNB DT —E2FIRETHE, RHETHT—452D
R1, R2 ML, Attachment 1,25 88)
Verification of Generator Real and Reactive Power Capability and Synchronous Condenser Reactive Power
Capability
Attachment 1 EENFIZEDNBE AN, RRICHRESIN-RIHEND10%EFB A . 67 AU EHLEFTBRINSZEAERINT-
#1257 ALUARICREET A&, BHAMa DT —2ANELSBIZRBFINTWWSGEIE. REEVVBEHIIEEL
THEL. FDOBEMOD-025,Attachment 2= AW TRIIA ELTHRE T 5L,
RILERBED-HDELE (—EBRFE)
e i By ket st dbc ol Stardard MO-115-2 — Verification and Deta Reporing of Gersrstor Baal and Bt
MOD02S Attachment 2 Foassr Capabidity and Syrchemcun Condenesr Resciie Powsr Capabadity
\-r‘l:‘“:::;:"q':':"':d.;“r‘:‘:‘::‘u:’; :u r&u.‘ -tm.a..,m Wil | 5 mliapr [ Erall Femar | Hrazfrer Pemar | 4 e wi
peon nkdl}unll n,nncw;m:m'":m.u-.\unu!mz\mn rpntlod o . -r-rin.u--unl'n] PP—
So posdsiebared -u-.li..' P = e T l.'p-.ﬂ:_u-.n-.uﬁ
Rioots o Ly Dt ol Ryt i K LR Whar T e wla U w b e B e e alem
[ Over-excited Full Load Reactive Power Verification i e -0 ML
S [ ey bl vabees. 4 o
Attachment2 G ] ) e s
[) Staged Tewt Data H-n"-'-l'l-ull-.-ul.l-'r\-\.l e, & B
03 Operaticoal Duta © | b4 I LTES I A I S il v Lol o
twnd 'y sk sbekid o choin, 1) mim
Simplified coe-tne diagram showing plase mividary Load coanacticns and verificaon data o L% l N - :.:‘:-,.‘rvl: s, ] e TR
ok II.'-ﬂI": iadmloked 1 s o oy
I I I e el o i o D s i, s il
E %] 5% e | heer b o msBclesy. e o
T N P ST Y T
¥ k% I ] M | S e sy
H-\:H'\-l: bl b o




2. KEGREAE 24
(2) NERC Standards

NERC Standards

Verification of Models and Data for Generator Excitation Control System or Plant Volt/Var Control

MOD-026-1 :
Functions
Generator Ownerld. Figfl#EIZE =1L BB N/EDBE N FIEREET T ILICEET R ROEELT 2%
R2 ESNT-FEHR4EE T, Transmission PlannerlZigH 9 $Z &, Transmission Plannerh &+ A 42 &V AT BELR
12U EDETIVERNT,. RESBEENKEIIZITOCE,
Verification of Models and Data for Turbine/Governor and Load Control or Active Power/Frequency
MOD-027-1 :
Control Functions
« Transmission Planner(d. Generator OwnerM &R % 2+ THMH90H LIRIZ, A/ - BRrHl#EE (L. BHE
1 R N EREHEET 2ET LT —SERMITHIL, _ \
* « Generator Ownerld., A/NF - B HEIEE L. BE N - BIRBFIEHICET IRIERDEF LT 3%,
Transmission Planner| 2Rt 52 &,
MOD-032-1 Data for Power System Modeling and Analysis
Balancing Authority., Generator Owner, Load Serving Entity, Resource Planner, Transmission Owner.
R1 Transmission Service Providerl&, E&EKEE. ERE. EREIIRDET /LT —4S%. Planning Coordinator.
Transmission PlannerlZigHH 452 &, (JRHET 5T —2DEEHMIL. Attachment 15 88)
U EE R B EHE S LU RAERBHEHRICEN T RSN oA B AT LENRMICET LT H1-HI20
BEERETREICSRT . T—2IERBRNICEWNWTHEREEZT 5L, (TEEDRIE—ERRFE)
steady-state dynamics short circuit
(Items marked with an asterisk indicate data that vory | (If a user-written model(s) is submitted
with system operating state or conditions. Those items | in place of a generic or library model, it
may have different data provided for different modeling | must include the characteristics of the
scenorios) model, including block diogroms, volues
Attachment and names for all model parameters,

and a list of all state variables)

1.  Each bus [TO) 1.  Generator [GO, RP {for future planned 1. Prowvide for all appiicable elements in
a.  nominal voltage resources only)) column “steady-state” [GO, RP, TO]
b, ared, 100¢ and owner 2. Excitation System [GO, RP{for future planned 3. Positive Sequence Data

2 Agpregate Demand? [LSE] resources only)) b. Negative Sequence Data
a. real and reactive power*® 3.  Governor [GO, RP{for future planned resources ¢ Zero Sequence Data
b. inservice status® on¥y)| 2. Mutual Line Impedance Oata [TO)

3.  Generating Units’ [GO, RP (for future planned resowrces only)) 4. Power System Stabiszer (GO, RP{for future 3. Other information requested by the
a real power capabilities - gross maximum and minimum valkues planned resources only)| Planming Coordinator or Transmission

b reactive power capabiities - maximum and minimam values at 5. Demand [LSE] A e e S
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NERC Standards
PRC-002-2 | Disturbance Monitoring and Reporting Requirements
« Attachment1% L\ T. sequence of events recording (SER) & & U fault recording (FR) 7 —42HVWE4BES buses
#HETBHE, (Attachment1SHER)
R1 * BES buses|Z#EficN T MICW\DI5E . $FFEHRIOB LIAIZ, ttDBESEZMSERE-IIFRT—2E L ELLTLY
HIEETBMT HIE,
o WK EBS5EIZL[E], £ TDHDBES busesZHBEHEL. YRMEF{EDZ L,

RO BEBEEERSURESTEEL. EHRITHTEINI-BES busesIZE gk, TN SMDBES/N\ANDBESEXI(C
EETAZE—FvhIL—h—D Y —FyrIL—h—4E () DSERT—4Z2H 35,
BEERMEELSLIUREBIEE L. EHRITHEEINIZBESN\RIZEHRINT-BESERIZDLT, MJH—ENT=
FROEIZUTDENEZHET D-HDFRT—2%ET 5L,

R3 FEESNT-BBESNRDEZEHEDME-—21—rFIILEEE
cO—YARFDOEEBEA 100kV UL L THAIEEFRF T EEHRDBESEZR MDEach phase currentds & Uresidual

currentE7=IXneutral current
BIEEEEERIUREEZXEE (L. RITHESNIZFRT—22EHTHE, EHLELT. BA— DRI ARAIUMIE T,

R4 DELER2HAOILDT)R) AR EDLLEL30T ML DR, T-IFUN)I AT —2D2H A9V RAMN)HT—
ADTRDIFAIIILEIUVBELO—F TREBEORE YA IIILDRZREF>TWNSIE MIA—FREX. —Za—+5
JLIBEFRE-EPhase undervoltageER THH &,

Organization for Cross-regional Coordination of
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NERC Standards

PRC-002-2

Disturbance Monitoring and Reporting Requirements

R5

BEEI.RERE. TCAABEFLEIED) ICEAELLZ AT LEERRA (SOL) . EEEEG (HVDC) [E & 0D & if
F. Interconnection Reliability Operating Limit (IROL) &% & & D& EE B FER (UVLS) 7RI S L5 F T it
%L Tdynamic Disturbance recording (DDR) W ERINSBESEREHFEET Do CHICE > THESNLZLBESE SR
(2R L THDEKELDDROEFEIFTET S &, DK ELDDRDEH THFET 5 &,

BHEMNSIOERALNICZ. BESERDIFOBXEEIC. TOBEEEMT 5L, VIaKELSFIZIE, ETNHBESERZHFT
ffiL. BRFHITAML., EMETEICE>THFHESN-BESERDAMERT 5L,

R6

B EEEEII. RO T ESN-BNEZ T B EEDBESERICDVT. UTOEREFRET 5-HDDDRT—
AERETHLDET B,

« One phase-to-neutral&x 7= [positive sequence voltage

« LEDEBEREICHIGT SRI—BEIZH TS RE—HBDMAEFRF=[Lpositive sequence current
cBRAENDELINDGETORBICHETEIZHAR—RATRINIEENBLVESNENDR

« One phase-to-neutralE f=I&positive sequence voltage DL\ H 1D D & K E

R7

BERESEEL. EHRSTREIN-BHNZZIT-AETHSEBESERIZTDVT. UTOERELZRET 5-HD

DDRT—4%H95tDET 5,

- generator step-up transformer(GSU) IZHEITHDEBIEFIFEBELANILOEELMNIZHITHHRHE. A, EIED
WIFhHDHEEE

. J:EEODE#(:&WST%)Iﬁ—%&l:?ﬁﬁélﬁ-*ﬁ@*ﬁ%iﬁ EEDHEBEEDEER BHANDFLIEEIBERTHS

cERAENDELEINDIETORIBIZHIGT DZMHR—RATRINDIEENBLIUVEDNELDRN,

o hfE. B, EIEOWVWTNADHEEEBEEIZE THDEELIDDET D EKE K
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NERC Standards

PRC-002-2 | Disturbance Monitoring and Reporting Requirements

RS—CCF#Eé*LT:BESE;%ODDDR?_QIZEEEEﬁa%%%$¥% s Off nominal frequency trigger set at:
BLURBEXEL. #EMNLET —ADRBRLUVRELZTIELD Low High
&Téo Jtﬁh§$§£®%§ﬂ El ;L)W':Eﬁﬁéhs Eﬁﬁ%ﬂﬁﬁ’f% o Eastern Interconnection <59.75 Hz >61.0 Hz
Eb‘i%’%~ |~|) ﬁ—%ﬂﬁli MT‘é,ﬁf:éﬁH#’L(fU ,51;(1\0 o Western Interconneption <59.55 Hz >61.0 Hz
MIB—I2EBRBORSADELELIHTHBIE, 3DDIH—  ramovenee o oo
NHYL ., Vi1 2FFT AL, AL A EREEHDORN) H— Interconnection <58.55 Hz >61.5 Hz

w%ﬁlﬁl ~ JE' 5&;&0)21[:%%%#:0 Z:E%EEG) I‘U jj‘—lj:‘ 5*’/"353 ~ # Rate of change of frequency trigger set at:

R8 Eﬁ@éﬂ{lﬁ%EO)SS%uT ':Eﬁid—ézto o Eastern Interconnection <-0.03125 Hz/sec >0.125 Hz/sec

o Western Interconnection < -0.05625 Hz/sec > 0.125 Hz/sec
o ERCOT Interconnection < -0.08125 Hzfsec > 0.125 Hz/sec
o Hydro-Quebec
Interconnection <-0.18125 Hz/sec >0.1875 Hz/sec
* Undervoltage trigger set no lower than 85 percent of normal operating voltage
for a duration of 5 seconds.

RY RECHESNTI-BESERDDDRT—RIERFEIEBEEEBLURESEE L. ALY T)UTL—rh 7K
E£960H T ILIFTHY . B I0EIU LDEREDH HEEHRELZHI-IDDRT—2E2FHIT 5L,
EREEEELIUVREEEEIL. RITHESINIZBES buses®E2THDSEREKIUVFRT—4, HLUIZRSTHESINT-

R10 BESEHRMDDDRT—A2%O—HIL A LA TIrDEHEITHIAHLTHE SRR (UTC) ICRAS LUTUTCO 237
UNDTNA ROV IFEEERIEATEHIL,

BHLBAEE AR
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NERC Standards
PRC-002-2 Disturbance Monitoring and Reporting Requirements
R11 EEFEEEPIUREEFEEIL. RITHTESNT-BES busesD 2 THSERE LUFRT—ALESUIZRSTHESN
f-BESEZMDDDRT—4%. LI FIZfit o TResponsible Entity, Regional EntityE7=[&NERCIZIZB#t 5 &,
R12 REFEEPIUVREETEEIL. SER, FREIEDDRT—2 DLk M REICEEN R ELI-ZEAHIBAL THH90H
LIRIZ, SRSk REZ MIE S, F-II B EHBEETE (CAP) i8I TIR B LR 3 aEx mIES B S 2L,
Methodology for Selecting Buses for Capturing Sequence of Events Recording (SER) and Fault
Attachment 1 Recording (FR) Data
RITERINADSERE LUIFRT—E2FINE T BBusesHIFET A= DFIEMEZEH IN TS,
BHLEEBHESHERHR

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN
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NERC Standards
PRC-018-1 Disturbance Monitoring Equipment Installation and Data Reporting
R1 EEFEERIVUHREEEEIL. Regional Reliability Organization (reliability standard PRC-002 Requirements 1-
R2 3) IZ& Y. DME(Disturbance Monitoring Equipment) Z5%i&d 5_ &,
R3 EEEEEPIUHRBEEEIL. Regional Reliability Organization D ERKIZKY ., DMEZRSF. EZ4—DR R -1F
HWemET D&
R4 EEREEELLIVURESTEEIL. DMETEELI-1EELT—4%Regional Reliability Organization MDZERIZKYIZH
ER I
EEEEEPRIVUEREBEEEIL. Regional Reliability Organization g ELI=A NV FDDME TR L= RTD
RS TAERIEIFHRETHIL,
R6 EEEBXERLURESEEIL. DMEZEHMICALTFUR TR B L,
BHILEHEE #HE MRS

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN
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NERC Standards

PRC-019-2 | Coordination of Generating Unit or Plant Capabilities, Voltage Regulating Controls, and Protection

Generator Owner, Transmission Ownerld., EE AR DHREL B EE. REMRBIROMEEICDONVT, DELEs5E
[C1ERETSL, TORMEHELT, P-QRI(TRE) . R- XK (THS), RIEFEFE (TRA)ENETLNS,

R1

s Fieid Winding Short Time Thermal
Capabiity (ANS1 CS0.13)

|| === OEL Limiter Time-Current Charsclerssc wity
160% Field Current

e OEL Limiter Time-Current Characlerisic with

180 140% Field Current
= OEL Limiter Time-Current Characterisic with

120% Field Current

e OEL Limdter Time-Curven! Characiarissc with
190% Field Current

—— Overexcitaton Limter's Thermal
Protection based on setting of 1.058U
120

=& OEL Umiter Time-Current Characteristic
with 113.4% Field Current

% Fleld Current or Voltage (ANSI C50.13))
3 g
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NERC Standards
PRC-024-2 Generator Frequency and Voltage Protective Relay Settings
« Generator Ownerl&. EEH D “No Trip Zone”’RIZHE W T, REHREEL) VTS ELGNESIC, RERTRERTET
5Z &, (Attachment 1,,.“ TRE)
- Generator Ownerl&. BE®M“No Trip Zone’RIZE LT, REHRFELX L) VT SEHBNKIIC, REBEREFRETD
—&, (Attachment 2288, TRA)
uebeg -

66 L Hg

F 1.05

1.00

64 —L_No Trip Zone F 888
S5 o
Western ERCOT 6@ 8;8 g
( th Trlipdzon?h Eastern T OE i (8]§§ o

not includin e A

R1 cluding . o 0% =
ERCOT o 040 D
b 58- r 035 ©
p— | e—— Western 83% 9o
I o 020 >
[ | Juebec E 818 6
L 0.05 O

5 0.00

0.1 1 10 100 1000 10000 O 05 ! 15 2 25 : 2 4
Time (sec) Time (sec)
| ==m=High Voltage Duration e | ow Voltage Duration ‘
BHLBAEE AR
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NERC Standards
PRC-025-2 Generator Relay Loadability
R1 EREEMOMEE. EEEXEHFSVEEEXEE L. GHEEOBVBIERELHIFTLHLLLIZ. BRLEREK
1)L — (load-responsive protective relay) [Z Attachment 1IZH#EHL - EEFERT S &.
FEFLERREIL—IIOVWT. RERBOMEE. EEZEXEHFLVEESXE(L. Attachment 1D FRFE(C
M1 RO TERESNIIEETRTIMNGIHED YT —  RTLYRY—h, 22— 3 L R— b ERIERED—MNE) %

Attachment 1

REITH &,

TROFRBEAFTEERREIL—ZERAITIZSRERAEE. LESXE EEREE L. K1 UL—AGEET
{ii & % (Relay Loadability Evaluation Criteria) DWVF MW EFEAL T, FEFRICERREIL—ZE T OREEER
[ZIECTERELRITNIRESELY,

«FEEIZVH

- RERFEEES(GSU)

cFEBEIZVNOBEHFICLECHMEBENEHIE TS 12y MEBEE SR (UAT)

*GSUZREHBETEERMIERIIZMBTHO T REBELVMNELEAREMIOEREIRILF—ZHIET 570

[CDAFERSNDEEE
« DEREBEREENTH-OICHAINLHE

Organization for Cross-regional Coordination of
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NERC Standards

PRC-026-1

Relay Performance During Stable Power Swings

REMRERT. (FHREBTHVEERETOREL HOBRICKY, FERBENVTSELINIE,

Purpose. + Generator Owner&Transmission Owner(d. Planning Coordinator 5@%1% 21T Thib 124 A LIRIZ, BEH AIC
R1.R2 RAOREMERN. Attachment BITR T BEZFH-LTWSILEHERTHIL,
B ALk E B HE RS

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN
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NERC Standards

PRC-027-1

Coordination of Protection Systems for Performance During Faults

Transmission Owner. Generator Owner. Distribution Providerld. EER(Z, RE R TLNERL-IEF TEET
BES ERRMDERERICHRS., iR FLEBETIN-RERTLREEZHENL T 5=-HDTOCREHETS
e, CDTAERIZIE. UTESTIEET D,

‘1.1 FAENE THIERRMDEZRDERETILT—EDLEA—BLUVTYITT—F

«1.2 BRLIE-RERTLERENLE2L—

«1.3 {ERINDZEZEZE (Transmission Owner, Generator Owner. Distribution Provider) WFr B3 5% &I {ThET HE

R1 BARAMERISHLCEASNARECATLEREICEALTIXIUTERES %,
-1.3.1 BXMIHEESIN-RIEDOFMEEIC, REATLERH
-1.3.2 131 VMEESNT-REV AT LR EZIREL-ZEREZR(ICXL, AZROBEDOANRE - (LAEDRM
BEEHELTLWENEEFGE
-1.3.3 EEFNZ, 1.3 2THESN THIBEMABRIN TSI LEHER
-1.3.4 EEFEIEFHEGLD ., IREERE. RTFEE. RECATLOEFICI > TEARBEITIFICKYRAL
S5 FHLAUVMKRICERL THRETSN-RE D RTLEREIZDOWT., REFFAE T HMDBEEER
Transmission Owner. Generator Owner. Distribution Provider(X. Attachment AIZHiELN, RE X T LB EEZ B A T-
HBRHOERIZDOULT, UTHFITOITE,
R2 * Option 1:6F (BF)EHBALEV\HEIET., RECATLARRAEEZERT S
s Option 2 IREDEREREHEILINT-FEHRERDAR—RASAUFLHEL, ERRFEOERZNER T IBEEICHNT
EWERDRENISNULDIGES. REVATLRARFAEEZETTS
* Option 3: LEEDHAEHHE
R3 Transmission Owner. Generator Owner. Distribution Providerld, RICHIIEN =T OLRZHANT. AR RHEDE

RITERD TRBLUVHETSN-RE AT LEREZRRET H&

Organization for Cross-regional Coordination of

@ B E R e A e

Transmission Operators, JAPAN
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NERC Standards
VAR-001-5 Voltage and Reactive Control
RE Transmission Operator (TO) (. TODHEIZEWT. EEEEMBEAICONT, TOHEFILHFBRREM
BEEZEET H &,
VAR-002-4.1 Generator Operation for Maintaining Network Voltage Schedules
* Generator Operatorld, EEBRIFICHEHELE-HERFENDELZ. BEBEELRER AVRIZAVTHETS
&,
RL.RS - Generator Ownerl, #BRHNREEEBNFYTRELALE—F U RISETET—4%, BRSATH
H30ELINICIRE T H &,
VAR-501-WECC-3.1 Power System Stabilizer (PSS)
R2. R3 * Generator Operatorl&. R#ERT HIHZE (L. PSSEEHET H &,
X cRERFEDOEBREED E5%DEFECUNFE S L. PSSOHNZHIRT HE,
BHILEEEE #EMET

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN
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IEEE 1547-2018 “Standard for Interconnecting Distributed Energy Resources with Associated Electric
Power System Interfaces”

IEEE Standard for Interconnection and Interoperability of Distributed Energy Resources with Associated Electric Power
Systems Interfaces

4.4 Measurement accuracy
DABERA—H) L FHR-HELOBERFLUTOROHEZ LTSI L,
Time frame Steadv-state measurements Transient measurements
Minimum Measure- Minimum Measure-
Parameter measurement ment Range measurement ment Range
accuracy window ACCUracy window
Voltage. BMS (= 1% Tiom) 0cycles | 05putol2pu |  (=2% Foom) 5 cyeles Df f;‘ﬁm
- 50 Hz to
Frequency” 10 mH= 60 cycles 50 Hz to 66 Hz 100 mHz 5 cycles 66 Hz
Active Power (£ 5% Smmd) | 10cycles | 02 P":] :;P =101 Not required N/A N/A
v 2 < <
llff“f:““ (= 5% Sraed) 10 cycles | UPPB @510 0 quired N/A N/A
ower . p.u.
0. .
Time 1% ofmeasured | )y 5st0 600 s 2 cycles N/A 100ms<5s
duration -

*Measurement accuracy requirements specified in this table are applicable for voltage THD < 2.5% and individual voltage
harmonics <1.5%.

"Accuracy requirements for frequency are applicable only when the fundamental voltage is greater than 30% of the
nominal voltage.

BHLEREEEHEME
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IEEE 1547-2018 “Standard for Interconnecting Distributed Energy Resources with Associated Electric
Power System Interfaces”

IEEE Standard for Interconnection and Interoperability of Distributed Energy Resources with Associated Electric Power
Systems Interfaces
4.6 Control capability requirements
Capability to disable permit service
4.6.1 STHBEERIE. EABBORTEEENTEIIENTE, TUTEPSOBEEFZLLL. 2B URNIZMN) Y TT 5L,
Capability to limit active power
s PHEIEERX. BIROBVNENEHED/IN—EoT—CLLTENENHZHIBTESEDET S,
o HEHEERE.I0MUA., FIE—RIRXILF—ENEDNENHEHZEIFLTEDNENFIROELEERTHDITH
MABEMAIZ, BENEAHADEZEDIENFIRFZEMEUTELLUIREEDOWVNT A KRENAICHIETH20DET S,
4.6.2  NEHEERNSO—NILEPSTERAZHBLTVDGE. BNENHIREEMEIL. TUTFEPSANDORRXENEHHEIGIES
LTERETES,
o IYFEPSARL—EF—ERNHBEERARL—F—DREDHEESEDTT. REERIE. O—AHILEPSARZEHYR—k
FTE5EOITBHELGLANIVLIYZLENENZFIRT 5561 HD,
Execution of mode or parameter changes
s NHEERBEA N A—TI—ATEIRENDEREZZELTHLI0MLRNICE—FREETHI L, FlHEEE—FD
EHE(X. BB ERE DA HNS300 DB ICH->TAL—XIZEB BT HLIIETTHE, FlEH/NSA—2KTE
46.3 DEBRIZIE. "HEEREADSUVELT FBHERLRL, T RTOHIEHE I REREE/NSA—FZRTEIZTDONT, HREE
FBEAA—TI—ANDANE. 7O aAVH IR T AR AETORMBIE30MURNETHE,

Organization for Cross-regional Coordination of
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IEEE 1547-2018 “Standard for Interconnecting Distributed Energy Resources with Associated Electric
Power System Interfaces”

38

IEEE Standard for Interconnection and Interoperability of Distributed Energy Resources with Associated Electric Power
Systems Interfaces
4.10 Enter Service
Enter Service Criteria
DR ERE R (Area EPS) NS I AFRICIE. LLTOE#ZH LTSI,
Enter service criteria Default sertings Eanges of allowable settings
Permit service Enahled Enabled Disabled
4.10.2 Applicable voltage | Minmmum value 20917 pu? 088 pu. to 095 pu
within range Maximum value <1.05pu 1.05 pu. to 1.06 p.u.
Frequency within | Minimum value >5905Hz 500Hzto 599 Hz
range Maximmm value =60.1 Hz 60.1 Hzto 61.0 Hz
Performance during entering service
PHBEEREF-ICERTORICE. LTOERZ®EIZTIE,
A AIERENENDZE . ERTELTEHIE,
4.10.3 B AIRENEDDGE . BREFELETEHIL,
- ERMESLEE O R A REEE L. 0 M 5600FEL . T T4 ILME300FET HTE,
cEREICEDENOHAFENSE . EHEERIE1ANS1,00000EFE CTHREARETHLIZE, AMEHDEMIL, E
BD20%THBAEE,
Synchronization
RifintgzmL. REAT HEDHREIE. L TDOEYTHD,
Ag#egate rating of DER Frequency difference Voltage difference Phase angle difference
4.10.4 units (EKVA) (Af, Hz) (AW, Bp) (A, ™)
(300 03 10 20
= S00-1 500 02 5 13
=1 300 0.1 3 10

@ B E R e A e

Organization for Cross-regional Coordination of

0CCT0

Transmission Operators, JAPAN
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5. Reactive power capability and voltage/power control requirements
Reactive power capability of the DER
DERIZFEMEBENELRFFH T TN L EDOEHNE HEZHIEFE - (FTWINT S5 &, THRIEDER Category-A(BEEV X T LI
#1T5HDER penetrationhMELVEE) B LU Category-B(EEE L X T AIZHTHDER penetrationh & LMEE ) D= IEED
T 1 DcapabilityzR9,
Injection capability as % of Absorption capability as % of
Category nameplate apparent power (EVA) nameplate apparent power (kVa)
rating rating
A m 35
(at DEF. rated voltage) o
B
(over the full extent of 44 44
ANSICB84.]1 range A)
Q (Injection/owver-excited) Q (Injection /over-excited)
L A
52 — | —
5|&d
slllﬂ
0.8 Seaped K, 0.3 Srares f
/ ;‘f \ / / ,
| 0.11 Scua (0057 e . 'l,. |' 011 Sranael |, 005P peq | b
(Absorption) ‘II -0.06 E.....d-l\?\-\? Prates P apa || {Generation [Absorption) {|| 0115 s L 0.2 e pm; Ilg [Generation)
\ 0255l { \ \ /
\ Y
044 S e
— _1“_ I e _,"____
[Absorption/under-excited) (Absomptionfunder-excited)
Category A Category B
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5. Reactive power capability and voltage/power control requirements
Constant power factor mode
5.3.2 COE—FORICIE, PRBERIFI—EDHETEEG T HIE, BIEELS NE(TArea EPS operatorh &% EL . 5.21H(C
RESNAIERZEASEDNEBENIDEELGN, NEHFO-OORRLCEREIZIOMLUTETSHIE,
Voltage-reactive power mode
DERAMEMNBEHNE—FDIGE. BEBMIZESENDOH HZEHEHT 5L, Reference Voltageld BEMIIZFAES N . Time
constant(&300F ~ 500 DRI THE NS &,
Voltage |
reactive Default settings Ranges of allowable serrings
power
parameters Category A Category B Minimum Maximum
Fiet P Fu 0.95 Pn 1.05 P
Vi M Fres—0.01 Py Category A: FRet ©
Fref
Category B:
Frer — 0.03 Pn
h 0 0 100% of 100%% of nameplate A
nameplate reactive power — 1= (V4,Qu)
reactive power capability. injection ?._-' 8
capability. = 3
absorption 8 @
3 Vi Veer + 0.02 P [ Category Ar Fres 3 E Dead Band
- § +—
533 Category B: FRer + & g
0.03 W 8 |= Veer  (V3,Q3) Voltage (p.u.)
(1} ] 0 100% of 100%% of nameplae - 0 {f {f L—p
nameplate reactive power © § L 1 (V3, H
reactive power capability, injection bt g
capability, ] 5
absorption g g
|5 0.9 Py Fres— 0.08 P Free — 0,18 M ¥ — 002 B a. =
[ 25% of nameplate 44% of 0 100% of nameplate _g 2
ﬂP_PMEL_"[ .]Jm\'er nameplate 1'E.".I.C[.1TE.PI?I“'€.1' . g g- V,: Voltage Lower Limit for DER Continuo us operation
raling, injecton apparent power capability. injection” 2 ﬁ Vyi: Voltage Upper Limit for DER Continuous operation (Va,Qu)
rating. injection v
| 1 1.1 Pu Frer + 0.08 PR F5+0.02 FrE Fret + 0.18 P
o 25% of nameplate 44% of 10026 of 0 VoItage-reactive power(D{’i'J
apparent power nameplate nameplate
rating. absorption | apparent power | reactive power
rating. capalbility,
abzorption absorption
Open loop 10s 5s ls a0 5
response
time
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5. Reactive power capability and voltage/power control requirements
Active power-reactive power mode
COE—FDORICIE, nHEERIIBZFELGHIEDNEN-EENDRFEICHEN BB DO H NZEBEBHIHET S
Lo WDVEBBEEICENTE, IERMIFI0MEBZ TN &, HFEDOHIELUUTDEY,
'_“-""_r_]"m"'_r ) Delaull sellings Ranges of allowable scllings
reactive powel
parameters Category A | Category B Minimum Maximum
Fa FPraed P24 0.1 Prared Pried
Fa 00,5 Frared 10 Fraed 0.8 Fared
Fy The eremer of 0.2 Proes anid Prig Prin Py — 0.1 Praped
2 The lesser of 0.2 = Ppeg and P P01 Foed P
534 ! (0.5 # cared {LE Fraes 0. Fored
F3 | Fraed Framd Fr+ 0.1 Prea
s 25% of Hrof
natmeplate apparent power | nameplate apparent power
raling, abscrplion raling, absorpion 1004 ol 10096 of
(o 0 nameplate nameplata
h ] reactive power reactive power
¥ 0 absoplion mjection
é-_\ _ ) capability capability
il 445 of
nameplare apparent power
| ralige, mjection
Constant reactive power mode
5.3.5 CHDE—FDOBEICIE. nHBERITI—EDENENZHMFTHL, BIEELLGLBEBME AL ILITArea EPS operatorh’
REL.S2IRTHRESNDHEENTHAH L, BEMNENHFO-HDEXICERRBIFIOMUTET S,
Voltage-active power mode
ZDE—FOBIZIF. "BEERIIRRENENEZEBNIZHIRETHIE, TIHILMEFIUTORDEY , COEIE. Ff
A ReEE THiLIFXArea EPS operatorlZ &> THRTET A ENTES,
Voltage-active power parameters Default settings I\Eilil[i&;:;f allmvabl;;:;tii;ﬁin
" 1.06 '~ 1.05 ' 1.09 I~
542 P Prated N/A N/A
18 1.1 n n+0.01 I 1.10 Iy
P> (applicable to DER that can only The lesser of P 7
generate active power) 0.2 Prated OF Poun® " ied
P2 (applicable to DER that can generate
and absorb active power) o 0 Fated
Open Loop Response Time 10 s° 0.5s 60 s
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6. Response to Area EPS abnormal Condition

Ride-throughB FUEMEEIRE DO BERFIE (X, LT EME-9 &,
« DERABPSE DM TULVAArea EPSIZIE SN TLDIRREIZH LT, EFDBEMEGZAFELLZVMESIZ6.4.2 B&
. U 6.5.2 [ZRESN TLVBRIide-throughZ# MR- THESN AN E,
«—FH.ERLAVERBEIRIREDE A . Ride-throughB# K> THEMEEBHAEESNZ N E,
« DER HBPSEDEA > TLVALArea EPSIZHEfESN TULVAIKEE (BERIBIZ4EY S i-Area EPSD B HE#R) [2H 0N
T. Ride-throughZ# (L @ERINGEMEGENH D,

6.4 Voltage

Mandatory voltage tripping requirements
BEEN—EDLEMEZBAT-5E . DERIZUTDEDH SN T-Clearing TimeN TTripdE5Z&, (RFDOVIE

Overvoltage, UVIZUndervoltageZ#§3°)

Shall trip—Category 1
. " Default settings® Ranges of allowable settings®
Shall trip - . " - - , " -
function Voltage Clearing time Voltage Clearing time
(p.u. of nominal voltage) (s) (p-u. of nominal voltage) (s)
ov2 1.20 0.16 fixed at 1.20 fixed at 0.16
oVl 1.10 2.0 1.10-1.20 1.0-13.0
UVl 0.70 2.0 0.0-0.88 2.0-21.0
Uv2 0.45 0.16 0.0-0.50 0.16-2.0
Shall trip—Category II
. Default settings” Ranges of allowahle 5etring*;|’
6.4.1 i.:':‘;lll;_lnl::f' Voltage Clearing time Voltage Clearing time
(p.u. of nominal voltage) (s) {p-u. of nominal voltage) s)
ov2 1.20 0.16 fixed at 1.20 fixed at 0.16
ov1 1.10 2.0 1.10-1.20 1.0-13.0
uvi 0.70 10.0 0.0-0.88 2.0-21.0
uwvz2 045 0.16 0.0-0.50 0.16-2.0
Shall trip—Category IIT
, Defaunlt settings? Ranges of allowable settings?
Shall trip = . — = e r—
Function Voltage Clearing time Voltage Clearing time
{p.u. of nominal voltage) {s) (p.n. of nominal voltage) (s)
ov2 1.20 0.16 fixed at 1.20 fixed at 0.16
oVl 1.10 13.0 1.10-1.20 1.0-13.0
Uuvi 0.88 21.0 0.0-0.83 21.0-50.0
TV 50 70 Y 50 T 071 0
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6.4 Voltage
Voltage disturbance ride-through requirements
DERI[EVoltage ride-through capability D#REZ D &, Ride-throughMEREIEILLL T D@EY . Ff=. EHDEHT
L 7=voltage disturbance®#§ (& . EHIRIZFFE SN S, (Annex E)
Voltage ra g Minimum ride-through fi S '\Ianm.um responss Voltage range Operatin, Minimum ride-throngh time (s Mazimum vesponse
s (:.:) o Operating mode/response e ('(rllclslg: 2:.;3.‘:5;)"]"” ) (drsj"gll;il('i?el‘la) '(pg_n_} . mmll:.-'rrspnﬁse (design ‘rl'llel"lgs] © (‘]N‘:::';[_;JNIISJ
V=120 Cease (o Energize® NA 0.16 V=120 | Cease to Energize? N/A 0.16
1.175< V<120 Permissive Ope:’uuon 0.2 N/A 11 F=1.20 Pm”'?"'s%‘? ‘;}pel"‘“%ou 0.2 N":-'\
1.15<¥V<1.175 Permissive Operation 0.5 N/A — - Pmm_s.‘n_\'c Operarion 0.3 T\A
1.1I0<¥V<1.15 Permissive Opemn‘nn ‘l N/A fz']ﬂ:::i“li?ﬁim::; 1uﬁ.::i|e }::
8§§)_ ::_ tl);g f\?ﬂi\ll‘g:l\\ 8::3:3: Linear slope ';‘:Tl:el p.u. voltage :II: Lh“’:‘:ﬁ::_::fﬂ“;r‘iT:‘,r_:'"{l) 2:‘0‘1—1’_“3-‘-"’ NA
starting at 0.7 s @ 0.7 p.u.: 0.65< F=0.88 Mandatory Operation . i .:\ 8-.'.-'. S... ._. . _
Tyrr =0.7 s+ 1" > (V=07 pu) Tmer =35y p.u.“ ~06pu)
P ertuissive Operalion .32
6.4. 2 0.50<¥V<0.70 Permissive Operation 0.16 N/A Eermissi\'& l(')}:ieralinn g 16 IT:':
V<0.50 Cease 10 Energize® N/A 0.16 Cease to Energize® NAA 0.16
Category I Category II
Voltage ranse Minimum ride-through Maximum response
S s Operating mode/response time (s) time (s)
(p-u) (design criteria) (design criteria)
V=1.20 Cease 10 Energize? N/A 0.16
1.1I0<F=1.20 Momentary Cessation® 12 0.083
0.88=<7V=1.10 Continuous Operation Infinite N/A
0.70 << 0.88 Mandatory Operation 20 N/A
0.50° < F<10.70 Mandatory Operation 10 N/A
V< 0.50° Momentary Cessation® 1 0.083
Category III
Dynamic voltage support
Low-voltage ride-throughg & U High-voltage ride-through operationM&(Z. dynamic voltage support® F| AV el
6.4.2.6 HET#H %, Dynamic voltage supporth% @ s b 7x—XI&. a) continuous operation region& Y HEL, HD
mandatory operation&permissive operation region®f# . F7=Ib) Continuous operation region&YH5<. MD
permissive operation regionMET&H 3,

BHLEREEEHEME

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN
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6.4 Voltage
Restore output without dynamic voltage support
6.4.271 Dynamic voltage supporth\ZEL VIREEIZE LV TDERAoltage disturbanceZRide-throughd %154 . Area EPS&ED FIHA
e ZHEFFL . active current® H 51%0.4%) LLAIZdisturbance il D A 7%5< &380%F THEIE T ST &, DisturbancefZ DTS5 X
M DampinglXFFBEINS,
Restore output with dynamic voltage support
6.4272 Dynamic voltage support% ;& LA S DERAoltage disturbanceZRide-through3 3154 . Area EPSED RIEAZH#E
T L. & A5 Rldynamic voltage supportZ###i. 0.4% LLAIZactive current® i F1ZdisturbanceRii ) %< &480%F
f= (X FE =1L FE AR E%Ractive current®WVFNAVNSWNVAETRIET S,
6.5 Frequency
Mandatory frequency tripping requirements
BERBN—EDLEVMEFEZ =155 . DERIZUTDEHLNT-Clearing TimeN TTripa&#5Z&, (RFDOF(XOver
frequency. UF(ZUnder frequencyZ#59)
Shall tri Defanlt setting:” Range: of allowable settings"
6.5.1 fnncli?:-:} Frequency* Clearing time Frequency Clearing time
(Hz}) (=) (Hz) (z)
OF2 62.0 0.16 61 .8-66.0 0.16-1 000.0
OF1 612 300.0 61 0-66.0 180.0-1 0000
UF1 58.5 300.0¢ 50.0-59.0 180.0-1 000
UF2 56.5 0.16 50.0-57.0 0.16-1 000
Frequency disturbance ride-through requirements
DERI&Frequency ride-through capabilityD##8E%ZF D&, Ride-throughMERFBIB XU T D@EY ., EEH6.4.21Z58
# Dride-through rangeZ A TL\AIHEE .. COERBHEILEIG SN,
Frequency range Operating mode B-'Iinim(l:;n time
6.5.2 (Hz) (design criteria)
f=62.0 No ride-through requirements apply to this range
61.2<f=61.8 Mandatory Operation® 299
588 <=f=612 Continuous Operation™” Infinite®
57.0<f<58.8 Mandatory Operation® 299
f<57.0 No ride-through requirements apply to this range
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6.5 Frequency
Low-frequency ride-through capability
6.5.2.3 — 7 frequency disturbance (J& & i A357.0Hz~58.8Hz/M D58.8HzLL T HY299#/104 LLA) D154 . DERIEride-

throughZ=EELArea EPSORIHAZ#IFTHL,

High-frequency ride-through capability
6.5.2.4 — B BY7frequency disturbance (&K $/H%61.2Hz~61.8HzMD61.2HzLL £ AY299F/1043 LIA) MDi5& . DERI(Eride-

throughZE M LArea EPSORI#AZHIFTHI L,

Rate of change of frequency (ROCOF) ride-through

6525 &R B AEE DEERE L Ulow/high frequency ride-through®EE (frequency range and corresponding cumulative
e duration, minimum time) ., DER®ROCOF® #{i& (X Category I T0.5Hz/#, Category IIT2.0Hz/#, Category IIITT

B.0HZ/BMLUTTHAI L,

Voltage phase angle changes ride-through

ZIDODERIE. YT H A VWAL LADTSADBAZEILIZDOLNT20E LT D5 Eride-throughZE 3 52 &, T
6.5.2.6 = B2 OHEOHBEAEEINOEUTDOEEERETHIFTHIL, BHEODERIE, YT VAU AALADMBAE
IEA6OELIT DIGEERZHIFT 5L, Disturbance B D BB LVENERICOVNT. XKROSHADTSAD
DampingF 7= [&— BB L [EEFR SN D,

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN

@ B E R e A e

0CCT0



2. KERE

(3) IEEE

46

IEEE 1547-2018 “Standard for Interconnecting Distributed Energy Resources with Associated Electric
Power System Interfaces”

IEEE Standard for Interconnection and Interoperability of Distributed Energy Resources with Associated Electric Power

Systems Interfaces

6.5 Frequency
Frequency-droop (frequency-power)
Low/high frequency ride-throughB¥(Z. mandatory operation with frequency-droopD#EeZiF D&, BEK# LS
R DIKEEIZH LT DFrequency droop formulads KU A—7 Dl (5% droop. 36mHz deadband. 20% minimum
active power output®1K#E) (T TRIDEY,
) Operation for low-frequency Operation for hizh-frequency
Category condifions condifions
I Optonal {meay) Mandstory (shall)
o Mandatory (shall} Mandstory (shall}
mI Mandstory (shall) Mandstory (shall)
Operation for low-frequency conditions Operation for high-frequency conditions
e min |p o (807dE)=S ] R B e UL Y
- | pre 60 - kyp ’ “]_ £60+dboe | B 60- koF e
6.5.2.7
Freguency-Droop
o 120%
% 100% < -—r—ro=m
g BO%, N LR _.\..‘-.
£ ] % ™. -
g% 60 = : nsg shall trip
3 E 2 .
52 40% . Ty
% ~ "",“
& 20% = \
:LE 0%
56 57 58 59 60 61 62 63 64
====«DER with 90% loading = « = DER with 75% loading DER with 50% loading

pre-disturbance levellZ# [+ %drooph—27 D 15|
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6.5

Frequency

6.5.2.8

Inertial response

BRSO ELFEIZLAFIL TEIET SInertial responseld. B TIELELDEFREN S, Area EPS Operator&DER
OperatorA’DER® Inertial responseDFI|FAEHHEWLEELZIGE . HEEDEH LS X T LD dynamic oscillatory
behaviorz+4 2% &L 1= £ TRegional reliability coordinator& {2 d 5 &,

IEEE 1547-2018IZ1E. $¥ITRIE SN T-ROCOFIZIG LT, RRICEIL T AFRBEALTENENDFIATHIHEED
NITA—IVRERBTEIEHIXEFENTOEL, (EREHEIEEREHBCED1DDFEEELSHEL)

BHLEREEEHEME

Organization for Cross-regional Coordination of

0CCT0

Transmission Operators, JAPAN
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Voltage (p.w. of nominal peak)

7. Power quality
Flicker
723 PCC (##tR) I8 1THDERZYVAD IR, EHARI D) v hEFBEE(pst)=0.35. KA T vHEF BIBE(plt)=0.25% &
ZTEULV &, (Individual emission limit/ZIEC/TR 61000-3-7IZE &S 3)
Limitation of current distortion
&k =2+ BHarmonic current distortion, Inter-harmonic current distortion, Total rated-current distortion(TRD) (.
TEDHBRMBEEBZ AL &, HarmonicE K Winter-harmonic M 51814342 DLV T IEEE Std 519888,
Table 26 —Maximum odd harmonic current distortion in percent of rated current (katea)?
Individual 35<p < Total rated current
7.3 odd harmonic h<11 H=h=<17 | 17=h<23 | 23=h <35 ‘qﬂl;_q distortion
: order /i ) (TRD)
Percent (%) 4.0 2.0 1.5 0.6 0.3 5.0
Table 27 —Maximum even harmonic current distortion in percent of rated current (hated)?
Individual even _ _ _ _
harmonic order f =2 h=4 h=6 8<h <30
Percent (%) 1.0 2.0 3.0 Associated range specilied mn Table 26
Limitation of cumulative instantaneous overvoltage
DERIE&E D Area EPSIZHE L THERRI MR overvoltageZ#2 Z L TILAR LY, Transient overvoltage limitsD #AR &35 R
DFIETHRDEY,
Cumvl ¢ dura ¢ < & magnitude theewhold s the sum of peciods XY, nd 2
Non-Acceptable Region
7.4.2

o R

Valtage (Per Unit of Nominal Instantareous Peak Base]

13
Acceptable Region
Y Onefundamental-frequency period 0 18 3 16 166

| i Cumulative’ duration ms}
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8. Islanding
Unintentional islanding
Area EPSIZiEfr SN F-DERM B ESZZ R AL =15 S . Area EPSANDE HE#BEEIEL. 2 LIAIC v TESH BT E,
8.1 f=1=L. Area EPS operator&DER operatorEE L35 &IZFRY. clearing timeZ 2 Mo im A5 ETHILTIEMNT
=5
Intentional islanding
Area EPSHDERMGEMESNDIGE . U TORYFIEHE SV REMEDRTEEZHAET L,
8.2 *6.4.1(BEICHITAN)YTEMH) ZHLT, OV2(X0.008F M 50.1670EF B2 &,
«6.5.1(ERHIZHITHRN)VTEH) IZE VT, OF1EUFLIF1IF A5 1000f T B2 E,
*6.5.2.7 (JA K Droop) [ZH LT, ATITY—IID & K #Droopz0.0055H50.05/unitE 45 &,
Interoperability, Information Exchange, and Protocols
PEHEBERERDBIEAVA—I7—ARETORIILDIEAL
8.3
System
Operations
Distribution
Operations
} Feeder/
s Substation
e N . s . Microarids
AN &g @
/-F’acilin'es . /,n..‘
I IR RN
g ow
) v " Individual
%ﬁﬁﬁﬂ%ﬁﬁfﬁ? Example of Possible Architecture for DER Management and Control
occTo Transmission Operators, JAPAN [SOI.II'CE: EPRI]
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10. Interoperability, information exchange, information models, and protocols
Monitoring, control, and information exchange requirements
DERD#EEMZHHR— I 57012, UTOERIRHEEITIE,
10.2 » Nameplate D &5k
' « Configuration D 15k — EELFF DDERD B E L4 REF R
cEZRYT DIER
BRI
Nameplate information
Local DERMD & {E#E2FZEL TNameplateDTFIRICT VLR TE, PEELUTOHEHREET L,
Parameter Description
Active power rating at unity power factor (nameplate Active power rating in watts at unity power factor
active power rating)
Active power rating at specified over-excited power Active power rating in watts at specified over-excited power
factor factor
Specified over-excited power factor Over-excited power factor as described in 5.2
Active power rating at specified under-excited power Active power rating in watts at specified under-excited power
factor factor
Specified under-excited power factor Under-excited power factor as described in 5.2
Apparent power maximum rating Maximum apparent power rating in voltamperes
Normal operating performance category Indication of reactive power and voltage/power control
capability. (Category A/B as described in 1.4)
Abnormal operating performance category Indication of voltage and frequency ride-through capability
10.3 Category L IT, or ITI, as described in 1.4
Reactive power injected maximum rating Maximum injected reactive power rating in vars
Reactive power absorbed maximum rating Maximum absorbed reactive power rating in vars
Active power charge maximum rating Maximum active power charge rating in watts
Apparent power charge maximum rating Maximum apparent power charge rating in voltamperes. May
differ from the apparent power maximum rating

AC voltage nominal rating Nonminal AC voltage rating in RMS volts
AC voltage maximum rating Maximum AC voltage rating in RMS volts
AC voltage minimuin rating Minimum AC voltage rating in RMS volts
Supported control mode functions Indication of support for each control mode function
Reactive susceptance that remains connected to the Area | Reactive susceptance that remains connected to the Area EPS in
EPS 1 the cease fo energize and frip state the cease to energize and trip state
Manufacturer Manufacturer
Model Model
Serial number Serial number
Version Version
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10. Interoperability, information exchange, information models, and protocols
Configuration information
10.4 IHTE Dactive valueZ 29 571-8%. Local DERD @ {EH# 2% 8 L TConfigurationDIEICT VXA TEHIE,

Monitoring information
Local DERDBE#BEBELTE=FI) T DERICT I ERTE, VEELUTOERESL L,

Parameter Description
Active Power Active power in watts
Reactive Power Reactive power in vars
Voltage Voltage(s) in volts. (One parameter for single-phase systems and three parameters for
10.5 three-phase systems)
Frequency Frequency in Hertz
Operational State Operational state of the DER. The operational state should represent the current state

of the DER. The minimum supported states are on and off but additional states may
also be supported

Connection Status Power-connected status of the DER
Alarm Status Active alarm status
Operational State of Charge 0% to 100% of operational energy storage capacity

Management information

DERD#EEEMode R EEZT YT T — T 1= ERERIZT VR TES L, 5.3.3[258H Dvoltage-reactive power
mode® /35 *—4—3%,Local DERD] 1.:1‘?:‘5%%’& %L’CTO‘EZ’Cé%)_&

Parameter Description Range
Voltage-Reactive Power Mode | Enable voltage-reactive power mode On/Off
Enable
10.6 PRet Reference voltage 0.95-105pu. ¥V

nonunal

Autonomous Fref adjustment Enable/disable autonomous Fres adjustment On/Off

enable

Vrefadjustment time constant Adjustment range for Fger time constant 300 s to 5000 s

V/Q Curve Points Voltage-reactive power curve points See Table 8

Open Loop Response Time Time to ramp up to 90% of the new reactive power target | 15t0 905

in response to the change in voltage
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10. Interoperability, information exchange, information models, and protocols
Communication protocol requirement
DERIFDELEDRTRDSED 12D TOLILERAT 52 & (Area EPS operator(Z &Y EIRENS) . B 7OkajL
[FArea EPS operator&DER operatorfll D & B HNIEFHFBF SN S, Cyber security requirementlE RiRFZD TR T
Hb.
10.7 Protocol Transport Physical layer

IEEE Std 2030.5 (SEP2) TCP/IP Ethernet

IEEE Std 1815 (DNP3) TCP/IP Ethernet

_ TCP/IP Ethernet

SunSpec Modbus N/A RS.485

0CCT0
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IEEE P2800 Technical Minimum Capability Requirements - >29%

WG Mbrs

. e - e : . A I
Draft 5.1 [ Utilization of any of these capabilities is outside the purview of P2800 ] o il
Modeling & L™

TS owner Reactive Ride-Through Validation, Tests and
can require General Frequency Power Power Capability and Measurement verification
additional Reduirements Response - Voltage Quality Perfnrma_nt:e, Data, and requirements

- Control Protection Performance
capability Monitoring

r N i ) .
Ca pa bl I Ity Measurement Capakility 1o Hal'i':'lrﬁ%n.:ti‘;?_gage Unbalanced current Paost-
Requ ired accuracies ravide § or Injection Process and commissioning
- voltage control at criteria for model monitoring
in P2800 Fast Frequency zero active power validation
Cgsim?tsf& ("VArs at night”) Prevent transient
Performance \ y overvoltage (TOV) Balanced current \ i 3
njsctien Plant-level
Pricritization of # _‘ P — ant-leve
P evaluation &
RE\\‘ISI'HQ' controls Harmonic current madeling
th limitations Abnormal volta
e , S— ,ﬁ.ummat:c veltage :'S'EI:?_I r:ﬁghge Hig{h fidelizy
= regulation . . . performance
minimum e, functions e monitoring
bar Phase unbalance o
Control responses Commissioning
(incl. active power) s ’ ahnormzl — tests
Primary Frequency D — E'E‘Ia_luenc?, RDC_L;'Ff e,
) ase-jump ride-
e RES@EHSE Rapid Voltage P <h réug'f ——
Applicability to Capability & Change
hybpgd plants with Performance Reactive power Exchange of
energy storage capability If present, validated models
systems or ) N ooordination of Type tests
conventional Flicker limitations F:-ﬁ?:cﬂ:&wli?
generation L y L y g L y

*P2800 does not reguire IBR. protection for overcurrent, voltage, frequency, ROCOF, etc. But if present, it shall be coordinated with the ride-through requirements.

IEEE STANDARDS ASSOCIATION .~ QIEEE

(HFr]http://sagroups.ieee.org/2800/wp-content/uploads/sites/336/2021/01/IEEE-P2800_General-Information.pdf
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Comparison of P2800 Draft 5.1 with IEEE 1547-2018

54

Legend: X Prohibited, v Allowed by Mutual Agreement, £ Capability Reguired, Function Set Advanced Functions Capability IEEEHI‘-ISS”_ P'g:gﬂ
(#) Procedural Step Required as specified, A Test and Verification Defined
Frequency Ride-Through (FRT) E i
\ \ - IEEE 1547- IEEE Rate-of-Change-of-Frequency Ride-Through F 3
Function Set Adv d Functions Capabil
Hnetien e 2018 P2800 Bk Suet Voltage Ride-Through (VRT)| % ¥
ystem - -
. | Adjustability in Ranzes of Allowable Settings 3 3 Reliability Transient Overvoltage Ride-Through * *
enera i i Ride-
Prioritization of Functions 3 t 2 Consecutive Voltage Dip R!de Through F 3
Voltage Phase Angle Jump Ride-Through| S E
Ramp Rate Control Frequency
—— Support Frequency-Watt] E i
Communication Interface i * Fast Frequency Response / Inertial Response] v 2
Disable Permit Service N N Return to Service (Enter Service) ¥ F
[Remote Shut-Off, Remote Disconnect/Reconnect) Black Start v WV
Monitoring, Limit Active Power + Abnormal Frequency Trip| F v
CunﬂuLénd Monitor Key DER Data 3 : . gbnurmal?ahagequ ¥ v
Scheduling — " Unintentional Islanding Detection and Trip| i v
Remote Configurability| Protection & Limitation of DC Current Injection| E
Set Active Power t Power Quality Limitation of Voltage Fluctuations F k3
Limitation of Current Distortion k3 ¥
Scheduling Power Values and Models v Limitation of Voltage Distortion v
Limitation of (Transient) Overvoltage F k3
Constant Power Factor]  # ¥ Provision of Verified Models 6]
Voltage-Reactive Power (Volt-Var)) % L Collaction of Measurement Data (£] [£)
Reactive Autonomously Adjustable Voltage Reference) k4 Type Tests ) #)
PU‘:H Capability at zero active power [“VArs at night”) % P Production Tests (%)
. Active Power-Reactive Power [Watt-Var) % Modeling & Plant-Level Design Evaluation ) ()
2 Constant Reactive Power # ¥ Me:suf';rlfenu Commissioning Tests 1 L8
Voitage _ Model Validation )
Suppaort Voltage-Active Power (Volt-Wartt) ¥ Performance Monitoring] )
Dynamic Voltage Support during VRT) W ¥ Periodic Tests (%) (1)
Unbalanced Dynamic Voltage Support during VRET| i Periodic Verification| (%) (%)

IEEE STANDARDS ASSOCIATION

(HFr]http://sagroups.ieee.org/2800/wp-content/uploads/sites/336/2021/01/IEEE-P2800_General-Information.pdf
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IEEE P2800: Standard for Interconnection and Interoperability of
Inverter-Based Resources Interconnecting with Associated
Transmission Electric Power Systems

Need for the Project:

The global increase in penetration levels of inverter-based resources (IBR) is expected to significantly change the
dynamic performance of the power grid. As the penetration levels of inverter-based resources increase and the
technology of inverter-based resources evolves, specifications and standards are needed to address the
performance requirements of inverter-based resources. Currently, there is no one single document of
consensus performance requirements covering inverter-based resources interconnected with transmission and
sub-transmission systems. Recent events in North America such as the Blue Cut Fire Disturbance as well as
institutional challenges in North America that suggest the inappropriate use of IEEE Std 1547™ for large-
scale solar plants underscore this need. This new standard is a first attempt to address this need and can help
equipment manufacturers, project developers, transmission planners, and power grid operators improve the
quality of the inverter and facility performance to enhance the stability of the power grid over a
transmission planning horizon. The specified requirements are intended to strike a balance between state of
the art versus forward-looking technology capabilities, while considering the uncertainties as to how a future bulk
power system with high amounts of IBR. may be planned and operated. Given that IEEE standards are voluntary
industry standards, enforcement of any of the requirements specified in this standard will require its
adoption by the regional authority governing interconnection requirements (AGIR); an AGIR is a
cognizant and responsible entity that defines, codifies, communicates, administers, and enforces the policies and
procedures for allowing electrical interconnection of inverter-based resources interconnecting with associated
transmission electric power systems.

IEEE STANDARDS ASSOCIATION B OIEEE

(HFr]http://sagroups.ieee.org/2800/wp-content/uploads/sites/336/2021/01/IEEE-P2800_General-Information.pdf
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IEEE P2800: Standard for Interconnection and
Interoperability of Inverter-Based Resources Interconnecting
with Associated Transmission Electric Power Systems

Purpose: This standard provides uniform technical minimum requirements for the interconnection,
capability, and performance of inverter-based resources interconnecting with transmission and sub-
transmission systems.

Scope:

This standard establishes the required interconnection capability and performance criteria for inverter-based
resources interconnected with transmission and sub-transmission systems. Included in this standard are
performance requirements for reliable integration of inverter-based resources into the bulk power system,
including, but not limited to, voltage and frequency ride-through, active power control, reactive power
control, dynamic active power support under abnormal frequency conditions, dynamic voltage support under
abnormal voltage conditions, power quality, negative sequence current injection, and system protection.

The standard shall also be applied to isolated inverter-based resources that are interconnected to an AC
transmission system via a dedicated voltage source converter high-voltage direct current (HVDC-VSC)
transmission facilities; in these cases, the standard shall apply to the combination of the isolated IBR and the
HVDC-VSC facility and shall not apply to the isolated IBR unless they serve as a supplemental IBR device that is
necessary for the IBR generating facility with HVDC-VSC to meet the requirements of this standard at the
reference point of applicability.

Related activities: IEC initiative to develop a single framework for connecting and controlling renewables.
Contact: Charlie Smith, Charlie@esig.energy , U.S. TA for SC 8A.

EEE STANDARDS ASSOCIATION B OIEEE

(HFr]http://sagroups.ieee.org/2800/wp-content/uploads/sites/336/2021/01/IEEE-P2800_General-Information.pdf
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IEEE Standard for Interconnection and Interoperability of Inverter-Based Resources (IBR) Interconnecting with
Associated Transmission Electric Power Systems /D6.0 (March 2021)

4.4 Measurement performance and accuracy
Steady-state measurements of an IBR plant, IBR unit, and supplemental IBR device at
respective RPA?
Minimum Sliding Maximum
Parameter ) . ) . Range
ACCUrACY window resolution
Voltage®? + 2 5% 10 cycles 10 cycles 05putol2pu
Frequency” + 10 mHz 60 cycles 60 cycles 080pu tol.lpu
Current®? + 2 5% 10 cycles 10 cycles 02pu tol2pu
Active
+ 5% cles cle: 2pu<P<10pu
Power 5% 10 cycles 10 cycles 02pu<P<10pu
Reactive 0 o , . A e
Power* + 5% 10 cycles 10 cycles 02pu<Q<10pu

* Measurement accuracy requirements specified in this table are applicable for voltage THD
< 2.5% and mdividual voltage harmonics <1.5%.

® Accuracy requirement 1s applicable only for fundamental frequency and when the positive
sequence voltage 1s greater than 10% of the nominal positive sequence voltage.

¢ Accuracy requirements are applicable for all harmonic components up to 50% harmonic
mncluding fundamental frequency when individual harmonic component 1s greater than
0.5% of fundamental frequency component for voltage harmonics and greater than 0.5%
of the rated current for current harmonics.

4 Nominal value, not true value

= Accuracy requirements for active and reactive power 1s expressed as percentage of
fundamental frequency nominal apparent power Srated.

f Accuracy requirements are may be useful for applications such as voltage control and
SCADA.
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4.4 Measurement performance and accuracy
Transient measurements of an IBR unit and supplemental IER support
Time frame devices at POC
Minimum Sliding Maximum
Parameter . . ) ] . Range
accuracy ? window resolution
Voltage © + 10% d= 1 cyele f 1/32 eycle 0.1pu to2.0pu.
Current % + 10% 4= 1 cyele f 1/32 cycle 0.1 pu to2.0pu.
Derived Bus . :
+ rcles 4 cy : . dpu?
Frequency ™ 10 mHz 6 cycles 1/4 cycle 080putol.lpu

* Include sensor and measurement system accuracy

b Minimum sampling rate per second can be calculated for 50 Hz and 60 Hz nominal frequency
systems

¢ Fundamental frequency component of phasor

4 Nominal value, not true value

® Total vector error (TVE) as defined i IEC/IEEE 60255-118-1

f Can include up to another % cycle based on algorithm

& Measurement shall be able to eliminate the effect of de component

b Fundamental frequency

! Accuracy requirement for frequency is applicable only for fundamental frequency and when the
positive sequence voltage 1s greater than 10% of the nominal positive sequence voltage.

i 50 Hz to 66 Hz for 60 Hz systems, 41 5 Hz to 55 Hz for 50 Hz systems

¥ Accuracy requirements are may be useful for applications such as dynamic voltage support,
protection and short circuit contribution.
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4.5 Operational measurement and communication capability

BERIRAE(ZDULNVT, TS operatoré DM A ELEEZITOIZE,

4.6 Control capability requirements

NEHISDHEIEIETEANL., FlIENSA—F (HIHE—F, SOTRE)ZLEETEDIE,
< EER{F1E

cBHME jjo)ﬂ%IJBE

cEBHMENDERTE
4.10.2 Enter service and return to service criteria
4.10.3 Performance during entering service

WHIBOEEITUT, ERMTEEE. 0 ~600FLIRETHIE,
HAEMEE, TS operatorEERY RO T=1FM 510008 DE DT, TILRSWLIANET DI E,

Enter service criteria Default settings Ranges of allowable settings
Permit service Disabled Enabled/Disabled

Applicable voitage | Minimmm value Specified by I'S Operator | 0.90 pu. to 0.95pu.?

within range Maximum value Specified by I'S Operator | 1.05pu to1.10pu

Frequency withun | Mimimmum value Specified by I'S Operator | 0.98 pu. t0o 099 pu

range (58.8 Hz to 59 4 Hz @60 Hz)
(49.0 Hz to 49.5 Hz @50 Hz)

Maximum value Specified by I'S Operator | 1.002 pu. to 1.02 pu.

(60.12 Hz to 61.2 Hz @60 Hz)
(50.1 Hz to 51 Hz @50 Hz)

*For an IBR plant connected to a “weak grid” the minimum voltage value to enter service may be mutually

agreed between the IBR operator and the TS5 operator.
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5.1 Reactive power capability
BWNENFEIILUTORYET S,

g
g A % -
> | Qi | = 0.3287*ICAR 35
=T Q... | =0.3287*ICR P g
22 @ @ €S
g:% '(LTGT 3 % ;

2% /o g

@ y i * a2

3 ’ ‘ 0.1*ICR

| S— : & > -9 s

WS | I Active Power (P) » Active Power (P) ol ¢

g \ ICR ICAR A >
>_ ‘ (Absorption) £EF
=5 \ 8 .9
i: | +
85 \ WTG Type 3 e 2
e \ 1
O < [~ %
i 1Q,n | =0.3287*ICR @ E =
R 1Q,... | =0.3287*ICAR g "

& V ICR — IBR continuous rating &

Sony i e gy ICAR - IBR continuous absorption rating
Q,,;, — minimum reactive power capability

BHLEREEEHEME
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5.2 Voltage and reactive power control modes

RPA voltage control mode

TS operator[ZHEESNF-BEEZEMEICH L. BB HETHMEICKYEEFIEHTLHIE,
5.2.2 o EFERBEIZ200msLLA
o RTYTICERREX1F A 5305 LA

Power factor control mode
5.2.3 TS operatorlZHEE SN WERFFEMEICH L. BB HZHEITLHIE,

Reactive power control mode
TS operatorlZHEESN-ENBHEEMEICKL . BMEHZHIETHIL,

5.2.4

BHLEREEEHEME

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN
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6.1 Primary Frequency Response (PFR)
PFR capability
THROHMEDPFREEEEEF T 5L,
I:.min
i Active
6.1.1 % . Power (P)
2 |
g v.
[
E | IR
(or ISR)
W
PER performance
TROMREZmE-I &,
Units Default Value Alinimum Maxzimum
Reaction time seconds 0.50 0.20 1
5 (0.5 for WTG)
6.1 Rise time Seconds 10 2.0 30
(4.0 for WTG)
Settling time seconds 10.0 10 30
Damping Ratio % of Change 0.3 0.2 1.0
Settling band % of Change Max (2.5% of change or 0.5% of ICR) 1 5
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6.2 Fast Frequency Response (FFR)

FFR capability

BRBUE T, /NS00 T L—TETS operatorfll THIGS IME B TROONT- FFRIEREZHT S,
* FFRIL. 6.1MOPFREYEERBUE TARUMIFL ., BENDBEIBHLEETH D,

+ EEBRHTE, TSARL—2—pEELAEFBHEERA S AT LRRERECHL T IRRE THENN DZLYL
EAEMTEZIES ZOEIEBEIIFFRELTESE TES, FFR/ISSA—A(E. 1%NDE TS LS CHETES
(ABADI%DELISHLTEADI00%DEILE R TES)

« BRARETIE, BE#MAL—RMICIRILEF—ZHEHL, BRIRBANNVNEOABEESR—RXDFFRZRHTES,

6.2.1

@ B E R e A e

Organization for Cross-regional Coordination of
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6.2 Fast Frequency Response (FFR)

FFR performance

FFRR)ADSIFURICEZEMNEIDIOWIZEZEST SH2E,

low frequency

— : f;!ff',l"'f-"f“ - f
Prrr1 = MIN{Papi, Ppre + max| 0,———

kyerrr

e.g ICR=100MW, kvrrrrr = 0.006 Hz MW (0.01 pu or 1% droop), fur.Frri = 59.6 Hz

Dore=50MV, pai = 100 MW, from=G60Hz; f=59.5Hz, then

prrre= min{ 100, 50+max{0, (39.6 — 59.5)/0.0006}}=min{100,606.7}=0606.7 MW

6.2.2

Where
PrFRI 15 the active power from FRRE1 in MW (or p.u. of the JBR continuous rating (ICR) as defined mn 3.1)
¥ 1s the disturbed system frequency 1n Hz

JurFER1 15 the underfrequency tngger for FFR1. in Hz

kurFFR 1s the constant droop for underfrequency events and 1s the change in frequency (Hz) comresponding
to 1 MW change 1n power output (can also be expressed in per unit change in frequency for one per
unit change in power, if prra; 15 expressed i p.u. of JCR)

Units Default Value Minimum Maximum
Jurrma Hz 99 4% of fhom 99 17% of fuom 99 4 of foom
O 1 1% 3

kur.FFR1
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6.2

Fast Frequency Response (FFR)

6.2.3

Fast Frequency Response from Wind Turbine Generator (WTG)

J_UJ% BEDERLTDOEKBETICHLUTOESERE-T &,

TYR/N\K:-0.1Hz~-1.0Hz
EURMEIRERISE S . B H HD5%~6%., 5#~ 108 (ST 7y IZEHOVBEBEL) D—RINEEDEHhEEMmT

Do

AVENEMOZKRETLSMEE AT SHIE,
IRLF—ERFOENEAFBDIEL. NELFTIOENE HDHZRK20%IZHIET %,
ENEINNTERB D25 EHBEE(X, EICFFREREZIRETES L,
AIEIDFFREE T M o2 R IZIEHE T+ CFFRIEREZ IRt TE S 2L,

@ B E R e A e
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7.2.2 Voltage disturbance ride-through requirements
General requirements and exceptions
TROEGHETHDH &,
HWHEHDOZE HWHERLDZE
N Minimum ride-through . Minimum ride-through
( : ;] 1‘: ;g}i)“ Operating mode/response time (s) ( v o]ttaig:)“ Operating mode/response time (s)
p.u.) at PO} (design criteria) p.u.)at PO (design criteria)
7.2.2.1 V=120 Mandatory Operation or May Trip NA V=120 Mandatory Operation or May Trip NA
V=110 Mandatory Operation 1.0 V=110 Mandatory Operation 1.0
V= 1.05 Continuous Operation® 1800 V=105 Continuous Operation®” 1800
V=090 Mandatory Operation 3.00 WV =0.90 Mandatory Operation 6.00
V=070 Mandatory Operation 2.50 V=070 Mandatory Operation 3.00
V=10.50 Mandatory Operation 1.20 V=050 Mandatory Operation 1.20
V=025 Mandatory Operation 0.16 V=025 Mandatory Operation 0.32
V<=0.10 Permissive Operation®™ 0.16 V= 0.10 Permissive Operation™ 0.32
Voltage disturbances within continuous operation region
BEMNIB%KFHELY ., ERFIR (F-IEXREBENHR) OF-OIZEMNEAELENBENOEAZTMGETELIMGE ., TSH
7290 RU—B—[CE o THRENEEHICH > TENENFTEIENE 73’&1%5'&‘5&6_&
BHLIRAEEHEERRS

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN
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7.2.2 Voltage disturbance ride-through requirements

Low and High voltage ride-through within the mandatory operation region

Low/HighlIDSARRIL—ARUREF, ENEREBEETE—FEENEREBEETFDELLTLREIRTESLIL,
TIHINIEDEREBEE—FET D,

TROMREZHET S,
tvpe IIT WTGs All other IBE Unirts
Step Response Time" ¢ ¢ NA? = 2.5 cycles
7.2.2.3 Settling Time®*4 < 6 cycles < 4 cycles
Settling Band Max of (£10% of required change Max of (£10% of
or £2 5% of IBR unit maximum required change or
current) +2 5% of IBR unit
FRXTMUM current)

FARRI—FE—FF, EEREI N LBEEREAZITIC

Consecutive voltage dips ride-through capability
Severe CHRELGT—X
o 10PREICDEK<ER200 1V L DREIREH T T2EEH L= FERFDS0%UTDEET4VTIZEZARRIL—F B2 L,
o 29MIZ3EU L, LRBT—RADEETAVTICIESARRIL—DRBEILHELY,
Moderate CHEEL—X
o 10RRICAE<ER200 M VL DREIFRE H T T4ELEFE L= FEBEDS0% U LEXETOEETAVTIZHEIAIRRIL—TF
7.2.2.4 5T &,
o 20 MIzeELUE, LR —RDEETAVTIZIESARRIL—DLEITELY,
Moderate THE TV —X
o 10MRICAEKEBIP DORERE DT ToRIEHKLI-FEBEDS0%N U LEETOEET4VTIZHTARRIL—F 5B,
o 10MIZ8EULE, ERRT—RADEET4VTIZIFXSARRIL—DRHEEALY,

Transmission Operators, JAPAN

—
0CCT0
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Voltage disturbance ride-through requirements

7.2.2

Restore output after voltage ride-through

HEBOEETITICE,
BERBEHREIRETCORBIE. 1W~10 DM TEREERTESHE, T I4H/LNERE 17,

7.2.2. N -
6 ZHNFCRELLNMES . TSOLGEL BABEEERDT H L.

BEEMNEIBL =G, IR URIZENERZEEEILFRAMDOLANILDIONETHIETHE RNREDGE . HHAH

0CCT0
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IEEE Standard for Interconnection and Interoperability of Inverter-Based Resources (IBR) Interconnecting with

7.2.3

Transient overvoltage ride-through requirements

0CCT0

Transient overvoltage ride-through requirements

TR THOEHT, HEFLIEMBEOELONDEEATVVATDIIFRIL—TELIEL,

1.7

1.6

1.5

1.4

13

Voltage at RPA (POM)
(per unit of nominal instantaneous peak base)

1.2 L

. Minimum ride-through
Voltage time (ms)
(p-u) at POM (design criteria) ®
] W= 1.80 See Note ?
V=170 1.6
V=140 3.0
1.8 T V=120 1550

may ride-through or may trip

L

1.6 3.0 15.0
Cumulative Time (ms)

* Note - Appropriate surge protection shall be applied
at the RPA as well as within the JBR plant, including
IBR unit terminals (POC), as necessary.

t The minimum ride-through times specified in Table
16 apply to both 50Hz and 60Hz systems.

Organization 1nl Cross-regional Courdmalmn of
Transmission Operators, JAPAN
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7.3.2 Frequency disturbance ride-through requirements
Low-frequency ride-through capability
7.3.2.3.1 VAT LREEHAEERFEERNIZH VT, 105 MI2-2HzER A ENRIB29 R F DG E | BEME T 5L,
Low-frequency ride-through performance
TH. TROHET:EGMETIT H &,
Capability above and to the right of the red border
may be specified by the TS owner as mandatory.
Otherwise, 1BR plant may ride-through or may trip.
fnam ...... .t
7.3.2.3.2
fd -------- Capability below and to the right of the blue border
: may be specified by the TS owner as mandatory.
! Otherwise, IBR plant may ride-through ar may trip.
|
ty
cumulative time for ride-through
0.0s Frequency range Minimum time
sz} = % from foem (s) Operation
(design criteria)
1. 4 +3_-5 2900 (t1) Mandatory
.13 +2. 2 oo Contimuous
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7.3.2 Frequency disturbance ride-through requirements
High-frequency ride-through capability
7.3.2.3.3 DRT LRERBAEEREENICHE T, 100 MIC+2HzE R B ENRIE299FRBDIHE . BEBHKETHL,
High-frequency ride-through performance
TH., TROHETEEGMIGTT D&,
Capability above and to the right of the red border
may be specified by the TS owner as mandatory.,
Otherwise, 1BR plant may ride-through or may trip.
f1
fnom ............... .t
7.3.2.34
fd Capability below and to the right of the blue border
: may be specified by the TS owner as mandatory.
! Otherwise, IBR plant may ride-through or may trip.
I
t;
cumulotive time for ride-through
Frequency range Minimum time
0.0s {'H.ﬁ = % from_foom (s) Operation
(design criteria)
1. 3 +3, -5 2000 (1) Mandatory
f1fs +2 -2 w Continnous
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7.3.2 Frequency disturbance ride-through requirements

Rate of change of frequency (ROCOF) ride-through
7.3.2.35 R ZEILER 5.0Hz/sLLT TlIREER#FEEI 524,

Voltage Phase Angle Changes Ride-Through
BEDGTHAIILDOHAIILADEBRAT. EQO—4 2 ADMEADTLIZ LT, Eisikit T 5 E,

7.3.2.4

BHLEREEEHEME

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN
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8 Power quality
Flicker
IEC 61000-3-7 Section 9IC&AHFIETEHRIL FROBEZEZ T &,
Epa Epy
8.2.3 -
0.35 0.25
* 95% probability value should not exceed the emission
limnt based on a one-week measurement period.
Limitation of harmonic distortion
83 FHRIF AL, IEC 61000-4-7 & IEC 61000-4-30 TS E, SEFRIBEAIE SRFIMEIL. IEEE Std. 519-2014[2&52 &,
BHLEREE HEEMRS

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN
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9 Protection

Frequency Protection
AVN—E3—FIHERICIZERBMFEEEITERLGON, BEENEETIEE. UTOEHISEETHIE,
s BEIRBSARRIV—EH/EF-9¢&
o WHERRENTSVFDSARRIL—HEREICHEEZEZ RN E

9.1

Rate of Change of Frequency (ROCOF) Protection

ROCOFR#ERXT— LI, AVN—3—FIHERTSVFADEFEDHBRERETIVLENLZVLREY ., REAXT—LD—
9.2 HELTTSUMRTHERALTIIASAL, ROCOFREMNERENTNRIBE. TV MIOBREDTIRFRIL—BEHE
=g CEEWIFTIT RS,

Voltage Protection
9.3 BEEFREICOVT, BFELWIOSRIEBRDIILI—EFNTEHE, AV N\—3—FIHERDBENTEBETEZEE
THEH—2T0T0 a3 0 HATHAE BREAEESAFRIL—E/EE-I &,

AC Overcurrent Protection
9.4 AVN—E—HHBRTS I ADEL DEBIBERREEB TERLEVA, BEELSRETHIBE. SIERIL—
BEHERET L RBMEEWFORIEBRD I ILI—EMTH L,

Unintentional Islanding Protection
9.5 ERLUGWBERBIRIFIE SR EEA e, T-. TARRIL—IEREICREEZEZ N L,

Interconnection System Protection
9.6 TSONEKRIZH ST, BRVATLDRELZLEDH L,

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN

@ B E R e A e
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10 Modeling Data

BERREEE, O3Sy a U ROFHED - . HEEATTILERRE AT LIRFERD S,
(Appendlx G&Y)
» Steady-state modeling data
+ Stability analysis dynamic modeling data
+ EMT dynamic modeling data
» Power quality, Flicker and RVC modeling data
» Short circuit modeling data

BHLEREEEHEME

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN
0CCT0



2. KEGRERAE
(3) IEEE /76

IEEE P2800 “Standard for Interconnection and Interoperability of Inverter-Based Resources (IBR)
Interconnecting with Associated Transmission Electric Power Systems”

IEEE Standard for Interconnection and Interoperability of Inverter-Based Resources (IBR) Interconnecting with
Associated Transmission Electric Power Systems /D6.0 (March 2021)

11 Measurement data for performance monitoring and validation

HREE=RULT ARNUNEN . ETIIVRIEDT=HDEHRIICDOVWTIRET %,

SCADAdata (BIE. AKE. BMEN. BHEH. TSOMLDH|#HIE S - H HH R EE)
Plant Equipment Status GEMrzsi% AKEE. BB HHEZEDOKE. T EEFDIKES)
Unit Functional Settings

Sequence of Events Recording (SER) Data

Digital Fault Recording (DFR) Data

Dynamic Disturbance Recorder (DDR) Data

Inverter Fault Codes and Dynamic Recordings

Power Quality — Flicker

Power Quality — RVC

Power Quality — Very Short-Term Harmonics

Power Quality — Short-Term Harmonics

Power Quality — Long-Term Harmonics

@ B E R e A e

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN
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4.1

Computer System Data Exchange

41.1

PJMnet Communications System
HRERBIAETDEXZIZEHL . PIMnet( A NA—DaAVrA— L E—B LU TSV REPIMO T E{EIVFO— LY
A—LEEHRT AMPLSR YR T —0)EA VR —ILT BT E,

4.1.2

Jetstream
INBI B AR BassetB LU FDMOTIZESIME (X, Jetstream AT L (assetEPIMZERERRL. VT ILAA L, Hi5.
DT —FEEIEITIVRATL)ENLTPIMIRILF—IRDAVN AT LERIET HENTES,

4.1.4

PJM EMS Communication Protocols

ETOHFHE=HZavcaO— )Lt 2—RDESEIL. Inter-control Center Communication Protocol (ICCP){Z2#Z RV TEE S
hd, hickY  BEEHSN VAT LDERICRELR T —2XBEIT,

BHLEREEEHEME

0CCT0

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN
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4.1 Computer System Data Exchange
EMS Data Exchange
« EMSIZEHAMIZ, BLUERIZEL T, TRITRT LI, AVN—DLV AT LEPIMOEMSOAVE2—2L X T LEDMET
T—ADIRRETICE,
s PIMAUVN—[FEREGT —2RBETIE, T—RITRYDNHAIGEILBMEITLN. 307 2 &IC1E, Bof=T—2RAUk
ZFEICTEBET DL,
From PJM Members to PJM
Data needed for PJM Control Programs Fast Scan Rate (2 seconds)
(AGC tie-line MW, TREG, CREG UNITREG,
LOADEP, Locally Sampled Frequencies)
This includes Generation MW telemetry for all
units participating in the PJM regulation market
4.1.5 Data needed for monitoring generation . Slow Scan Rate (10 seconds)

(Generation MW/MVAR Telemetry)

Data needed for monitoring transmission Slow Scan Rate (10 seconds)

(Line/Transformer Flows, Voltages)

Breaker, disconnect, and line status changes By Exception (on event)

From PJM EMS to PJM Member's EMS

AGC Regulation Signals ‘ Fast Scan Rate (2 seconds)
AGC Individual Unit MW set Paints ‘ Slow Scan Rate (10 seconds)
Dispatch control values ‘ Slow Scan Rate (10 seconds)

Generation MW/MVAR Telemetry \ Slow Scan Rate (10 seconds)
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4.1 Computer System Data Exchange
EMS Model
4.1.6 10MW KL E D Fr=-1FE & K. £=I1XUT7ILF24A LLMP (locational marginal price i R B R RUEAS) ZERE T S FEDH
f=#xCapacity Resourceld, PIM EMSH# YT —YETIILTETILILEFITIZE
SCADA-Supervisory Control and Data Acquisition
* PJM SCADAY R T LTIE, NEFEBHEPIM EMSEDE T, 7H AT T—2, TORIILT—RERNARTRYRY T S,
EMST—ARIIENEFNIE, RTF. BLIIPIMRBIZEDH TV AT LANEGESIND,
HBRICEALT,. TREAAFSAVELTRY L. ELABRMNMBELLGSBEELHIRITBETSH L,
Metering Installation
Connection | Aggregate Intelligent Data Configuration | Monitoring | Protocol
Type Generator Electronic Model Period
Size Device
Internet Very Small | Data All data Dedicated varies DNP 3.0
SCADA (<10 MW) Concentrator type_s TCP/‘IP_With
available |encryption
OR | veture
Collect Internet.
MWh and
MVARQ
4.1.7 only
Internet Small Data All data Dedicated varies DNP 3.0
SCADA Concentrator |types TCP/IP with
(10-100 - .
MW) available |encryption
gateway
Internet.
PJMnet Medium Data All data Dedicated 2—-10 DNP 3.0
Concentrator | types TCP/IP with Second or
(>100-500 ” A .
MW) available | single router Periodic IcCP
to redundant
PJMnet.
PJMnet Large Data All data Dedicated 2—-10 DNP 3.0
Concentrator, |types TCP/IP with Second or
>500 Mw) SCADA, EMS | available |dual routers Periodic
or GMS to redundant icee
PJMnet —
Single Local
Area Network ‘ |
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PIJM Manual 14D: Generator Operational Requirements

4.1 Computer System Data Exchange
SCADA-Supervisory Control and Data Acquisition

*PIMEDT—HIRZITLELGHBIEITROEY,

cHBBRETILF LY AR T RUT—E270—D#ERIE TERORY,

Situation Real-Time & Operational Generator Bidding

Billing Metering Changes
Sent via
Minimum Changes/ Via Host Utility, MWh Host Utility. Via Host Utility
Minimum Cost entered in Power Meter for
PJM billing
<10 MW injection RTU at plant, single DNP Intemet, through .‘ Intemet, through
to gnid or unit runs network connection with Markets Markets Gateway
nfrequently. encryption gateway Gateway
>10 MW and <100MW | RTU at plant, single DNP Internet, through | Internet, through
injection to gnd, unit network connection with Markets Markets Gateway
runs continuously. encryption gateway Gateway
>—106M;N and "SOBM'V\; R:I'IJ at plant, redundant Internet, through | Internet, through
4.1.7 injection to gnd; unit network connection, single | Markets ' Markets Gateway
runs continuously router Gateway
— - —_ — — — — _— +— — Firewal o

>500 MW injection RTU at plant or ICCP via Interet, through | Intemnet, through i Revenue Grste accuracy Internet
to grid; unit runs SCADA system, redundant | Markets | Markets Gateway {7 Cummtong vetge '
continuously ICCP or DNP network Gateway Site Contral System

Control Center for
Multiple Units

connection, dual routers

Install metening and use
SCADA System; redundant
ICCP network connection to
PJM, dual routers

Internet, through
Markets
Gateway

| Internet, through
Markets Gateway
| and PJMnet

Reverue Meter.
Measurament al
Intarconnection
Poirt
Transduces MW
MVAR, MWHR
MVHR

-~ Raw pulse or

or HW

RTU or clhe:'_:)_/
. Goewary
\ Device
1

N

- To P

Modbus or ONP

over serial or
ethamat
—_

Circunt Broaker

Contact A

Weather
Tower

Modbus or DNP  L—  DNP over TCPAP

ToTO« EDC
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4.1 Computer System Data Exchange
SCADA-Supervisory Control and Data Acquisition
EHRBEOEHIZUTOEY,
FRARE DR ITUT OEY Real Time Instantaneous Data Sent To PJM

Frequency 1/1000th of HZ (i.e. 60.001 Hz)

Voltage 1/10th of kV (i.e. 69.1 kV)

Real Power MW 1 MW integer (i.e. 52 MW) required, but PJM
will accept greater precision if available

Reactive Power MVAR 1 MVAR integer (i.e. 42 MVAR) required, but
PJM will accept greater precision if available

Current State of Charge (Energy Storage MWh remaining

Resource Model Participant Only)

417 Real Time Instantaneous Data Sent From PJM

Individual Unit MW base point from Security
Constrained Economic Dispatch (SCED)

Regulation Signal (AR)

1/10th of MW (i.e. 323.1 MW)

Real Time Instantaneous Data Sent From PJM

1 MW integer, + or — (i.e. 10 MW) but PJM will
send smaller signals to certain sites such as
renewable resources, etc.

Revenue Data Sent To PJM

MWh Delivered and Received

1/1000th of MWh (i.e. 20.001 MWh)

MWVARB Delivered and Received

1/1000th of MVAR (i.e. 15.002 MVARR)
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4.2 Data Management and Metering Requirements
Data Management and Security
 BRREREIE. PIMUATLEEHEICETIVE, RTP2—ILELUVERTI-OIZHELFE S IVERT 4417
T5HIE, ui%H(iPJM Manual M14B% S B3 5L
BREIL. REERT— ’)'lé'—SCADA*/ZT.L\iT*Ij:PJM EMSOVE1—ZITIRH 952 L, aVE 13—V AT LEA—S
4.2.1 5 & PIMDBE S R T LEBBIEMNZIFRIEESALY, PIMIZTONSCADAY R T LENLT, KEBRHBEPIML R
T LML HEEAHS,
- F—REEBMICPIMISRIESNABEN HY . BENISHE TELVB S CIRBERBOREE XEHOLNIMRT
PIMIZEEEICTHRET 5L,
Metering Plan
REZMEI. TEEOEECIDULELETIEFSES. V7 ILEZALTOZERBIE (telemetry)’é?ﬂ t952¢,
Generators participating in the PJM market | Real and reactive power
as capacity resources
Generators 10 MW (Maximum Facility Real and reactive power
QOutput) or larger
Generators greater than 1 MW (Maximum . Real and reactive power
Facility Quiput) and connected at a bus
4.2.2 operating at 50 kV or greater

Solar parks 3 MW (Maximum Facility Real and reactive power (3ee Section 12.2 for
Qutput) or greater additional requirements)
Distributed generators (such as, the Real and reactive data at the BES injection point

treatment of many units dispersed over a of accuracy within 10% of hourly MWh settlements
wide area as one aggregated unit) modeled | data (revenue meter or accumulator data)
less than 10 MW (Maximum Facility Output)

Generators that will also paricipate as PJM | Real and reactive data, based on the Generator
demand response resources when they criteria in this table, at the point of interconnection
will reduce load and have PJM-approved and real and reactive power for the generators.
interconnection rights to inject power.
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4.2 Data Management and Metering Requirements

Metering for Individual Generators

cPIMDT—RBHX . TUTIWNEAALT—R) TIEVTIEALT—RIUDEIND VT IVEZALT—20DEEIZE T, &

EREDEHIZLLTD@EY,
-REMREEEFROO—HSAFTAEINT-. BRIV DIRBFD IEL (+/-) MW, MVARDIBEHRERHET 5 &,
-1IOMWRE TETILVESNE=SEEERIZ. BESNE=7ILTUXLIZEDINT, EWRAU M BES;EARAUN) T
B IEk (+/-) MW B L UMVARD IR ZE IR T 5L,
-TRURLARUVRIZRGEL RIEADOHFFRNEHON TNAHRERFX. EEAPLURERREELZEEOO—Y
AFIZENWT. AETHETHAEENL LM A TRIEL-BREEDIERK (+/-) MW, MVARDERZFIRET S L,

o FEVTNEAALT—3FIFNET—RENT, ZIEEOEHIILUTDEY,
- B AZYMHERIE/ZELEBC EICHESNTI-MWh, MVARh (=1L, MVARKIZEAL TIZIRE (XTE) DI1EHRF IR T

Ho&,
o NEEERE. TRICRIy—RAZEITHELGFHAIRFEZEMTHRET S L,
Case 1 Case 2
Utility Grid Utility Grid
4.2.3 ( ) (
POI POI ... 1‘} ......
N.C = normally closed switch N.C.
N0 oy cpenmich
M = Revenue Quality Meter
On-Site Energy Customer On-Site Energy Customer
Generation Storage Load Generation Storage Load
Resource Resource

© PIMISEHEST 2REONEE S EREEEORE . BEESEPIMICRIT 5L, BHORBEFET 554,
RREHDBADHERERET L,

0CCT0
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4.3 Synchrophasor Communication System

« PMUIZ201245 108 1B LARZIZEHEZTo=100MWLL ED 2 TOREXRKBICHLELLS, BH. BIET—42%PDCIZEE
TEHBEVATLLEEN [BFRIFBEMIZPIMIZIEEL. O—HILIZRIEI0ABRET 2L,

ARETBT—RIILUTODEY, ETOT 21 HT-Y307L—LDHEE TUNEL. IEEE C37.118:FE SRE LML=

— T—ARBLTHILE,

-REREOImTFEELAEA(ROREEREIPOITORAEEZNSS)

-REREOImTFEREAEA (BROREEREIPOITORAEEZSS)

-ROCOF

BHLEREEEHEME

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN

0CCT0



. KEGRE 35
(4) RTO/ISO (PIM/CAISO/ERCOT) D#Riz
PJM Manual 14D Generator Operational Requirements

PIJM Manual 14D: Generator Operational Requirements

6.3 Coordination with Dispatch

Operation
cEEBVATLEEEEGESNA. RS TOWSETOREREL. BITPIMBLUTOLERDRAEETL EMNDEXR
ENFE=ETHDEREERBDAT—IRERIETHE,
- RERBEOEKRMWE LUMVARH S DR
FEBELIVEELRILDIRE
6.3.1 -BRABLVEILERTY1—)L
-PIMFERITHEB DS R T LARL—2—~D R - IEFHEADFHE
-VRATLOER. RILICHEL T 2D
- Ramp-up. ramp-down D FfEZ & H -2 E - ZFIE D FIEE DR
- EEESLUEIRRIZE[TAPIMDIES 21t T-T 5 MBI D EHE
« IOMWLL T DR BV EIRIE. SCADAFE XA ESN-REFEEZNLTPIMDIERICHKASLIICHADI L,

Communication

cERDEEN. CEMUEHRT LD, RERFET24FFRAFH TAEBZERET S L, PIMADT—AEEIXBETITH
6.3.2 na2E, T—20PIMBIT—EBMICZITRNEVWERIREL-GES . REREOEE XPIMDOIEET SR TER
T—REBRRICTERTHIL
HEREOMBELTORK., ZMHERICADLLILTOT ROV THRRIZERZTHIE,

Test Energy
* Test EnergyD HEHARITIC. R EBRHIIRFER Y —ERIZEATIMYRHEZPIMELUTOEEEL., EHLTANRY
6.3.3 Da—)LEPIMIZHILE S &, Ve EERBERBDIKEEZYIYVEZ 52072 8IZI1&. PIM Dispatch Operations|ZERR T 5
Z &, £1=. PIM Dispatch Operations&Market SettlementsIZ*tL ., &R EER M A BERRFHIFIC DLV TIHEREIRH 352
&

Other Requirements

6.3.4 REXRBEAEEIL. PIMOEHICEOLE THREDERFA., FIBZREL. REBICTHLTRELGIN —=2T %1752,
"~ REZEIX. PIMEDBI TR ELIFRBEZIRHETSHE

HEHWIEL. EETEORBTOEERICEETLLGIBRIZDOVNT, EESNAEZTELIZPIMIZERNT 52 &,

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN

@ B E R e A
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7.1 Dispatching of Generation

Generator Real-Power Control
« RELRME. IBESAE-BHEEBIZENT, 61.7THZETEE T 5 &,
s BUREEARES AT LE . PIM Manual 36:System Restoration®section2.3M E R %=L . R EUE T B Z A =k
95&,
« S0KVERmD RMIIEHR T IHEREIL. BHFHEGRFEHNAFI LV RESETHIL,
c BRBEEREICEAT 2R EMEIZR DT (L. NERC Standard PRC-024%38 352 ¢,
« 7ISMVA%Z B Z 5 R EBRME(X. 773 FEDCSIZDUNVT, Deadbandld =36mHz% . Droopld5% %8B R HNKSIZERETHE,

7.1.1

A 3FFl#E (. PIM Manual 12:Balancing OperationszS B9 524,
« REHMEIX. PIMDIETRIZHKL., EBIZ, D, B RSNT-H AITET SFE Tramp-rateD2% LA DRETHAEEEFTT
5L,

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN

@ B E R e A e
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7.1 Dispatching of Generation

Voltage and Reactive Control

WMEE

7.1.2

=551
BB, oX

* Transmission Owner(TO) I&. #EZEICXL T, BEEEE
-2016&11)511514[4%! EGEBREL-ERIAFREREIL. FERC Order No. 8270),“ ;JJ ENERIZHES &,
BT, BEHETAERAVR)ZEFL. BBEEFBE—FIZBWT IBE

TRIZEICEFFARE—FTODEEZRD D,

AVR Operating Mode

Automatic controlling voltage (voltage
schedule)

BEEDLETRFZEOCEEHEEHEET S,

Expected Generator Response

Reactive output varies based on the grid
system needs to maintain the reference
voltage within the assigned voltage schedule's
bandwidth up to the reactive capabilities of the
generator. This is the standard voltage control
operating mode for most generators in PJM.

Automatic controlling MVARs (MVAR schedule)

Reactive output remains steady based on
scheduled MVARSs

Automatic controlling power factor (power factor
schedule)

Reactive output varies based on the real power
output of the generator to maintain a constant
ratio of real power versus apparent power
(constant power factor)

Manual

Reactive output varies based on the manual
adjustments made by the plant operator

EBEXRAIL.
5307 LIND TEAHRY BV EREIC, O

BEERT 21— I)LIZETABBEIZ DOV TPIMB L UTOLTAEEZITIZE, AVROPSSD AV TFUREIT
BRIZIE+ B REE Nk L CERT AL AVRBEUPSSE X ELLN—AIZFHLAMELE NI S-S . HFAEH
BEH LU eDARTEHTPIMIZEHKR T B &, =1L, 3073 LIAIZE

0CCT0

IBTCS-GEFFEET D,

UPETAIOTS,Ji W

BIEETEIZHES &, AVRAVHEREL 72
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7.1

Dispatching of Generation

7.1.4

Generator Operation under Constrained System Conditions

« REXMIE. FTEFELIEPIMOFIEES I >THAZHIET 5 &, =L RIFICAISADHRIFHENREEL-IHE.
PIMIZCNoMBRIRT DEIITHETRTHIENH D, 5E#lIEPIM Manual M-3 for Transmission OperationZ S B4 5
&

7.1.5

Generator Operation under Emergency Operating Conditions
 REBOHREBHREDERIX. PIMDIETITRSIZ &, 5H#IXPIM Manual M-3 for Emergency Operation|ZiE5Z &, HE
EREAIE. BMBEY R T LBITO=H. PIMOERT T —2ERHT 5L,
s BEBIVLRATLDOEBENELDODNSES. TOXPIMOBHRENS FTELLIZRERBERENTHENTES,

7.1.6

Black Start
«TOIL, BIHETEICEENDIETOREMEZFERAL. VAT LDEIREITOBAELHEREZF DL, TIVIRI—MERERT
E % (Black Start Unit) D:BRE (L, MM EEZ10KRE D RimELGLE,

7.3

Critical Information and Reporting Requirements

7.3.4

Generating Unit Reactive Capability Reporting
c HEEEE(ID-CurveDIERMIZ M TELKREIZHYRE. eDARTEN L TRE T HIE VT ILAALTOERIZDONT
(X, BEEICKYPIMETOIZERLRT BT E,
« ENE NG RIC—FEMNICEAENEL-EE . REMNDI0DLNDTESRY BUERFEIZ, PIMIZERKRT S E, 3077 KL
AITEEDKRREIZEIBTELSEESIEITELT S,

7.4

Synchronization and Disconnection Procedures

REELEFRMELIRIT 5 DEEL20HFPIMASHAEBBIL,

Organization for Cross-regional Coordination of

@ B E R e A e

0CCT0

Transmission Operators, JAPAN
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PIJM Manual 14D: Generator Operational Requirements
8. Wind Farm Requirements
Computer System Data Exchange
8.1 EBEVATLEHBEGSN, BEASh TOSLETORERFIL. BITPIMBEXUTOLERADRRETL, BN DERSE
' NE-2TOEREZBEDRAT—IRFZRE TSI BRI EIT—IDOREICEEEZEL., o T —2FRHLI-EEXE
Ex1THI&,
Wind Farm Data Reguirement for Wind Power Forecasting
+Wind Farm(&. TurbineBIZEXKEHR. V57X . BE. ZREOBE(FR/NEKREZE) . BcORDFEE#HOE AL, Wind
8.2 FarmEfz[EABETHNIXE L2 DA—EL DI, BARERBED/NTDES., EHIT IR EXIIBRFREOBET—
' A(HA. FIEICETHER. NTDESTORR) . EBEZHIRTA2BEEEFICOVNT, BT 52L,
« £2TOWind Farm(F D LRI E DR RBRIE (F-(XEEET. BREH ZHREL. UTILEAMLDRER T —2EPIMIZIR
WM BE MROD—LRADNREEDFAREICHL T, PIMIZRREAIBEFZEBNEZE T ALEIIZERTEZIENH S,

@
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PJM Manual 14D: Generator Operational Requirements

12.

Solar Park Requirements

12.1

Computer System Data Exchange
BEEVATLEBEEGIN, ABEINTLSIETORERKX. BEICPIMBLUTOLERDRAREE TN, BEMDEKRS

NEETOERERBODRT—EARFIRMT I L BT ETAEADREICEETEHFL, BT —4%RIELIES1XE
E#4T52¢&,

12.2

Solar Park Data Requirement for Solar Power Forecasting
Solar Parkl&, /AR JILEBIZL T DIEREFIRET HE,
ACRERE (&RAH )
.EK:DQ%§%§§E
BIERDZE : KEGXARILDOFLA. BRI
cBEXDGZE  KBANRILOEEAR (—#X. Z8X) . BEEEDA—H—LETIL
 Solar Park Dbt R B LU KRR T —FEHRIZS DB ERE
c KEEHNRILDA—h—  ETIL
* PIMV AT A ?%‘f;uif—liﬁiiﬁl AT IR EREDEET—2CREL-E A, FERR. RFABRESLIVEE)D
£4
HRIEDRKREAIMWEU LD ETDSolar ParklL, U7 IILZA LDMW/MVARE I T—2% B35 8, KGR FHEHRE
NEEMNEDIRILT—ITEREEHHRINTVSIGES. BERIIZEFHATHIE,
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Attachment D PJM Generating Unit Reactive Capability Curve Specification and Reporting Procedure

Attachment D

cEBRBE.BAVWEN. NEDEN. RREDNENOT —FERETHIE,
cAUN—E—ZNLTRFITHERT ST RILT—FREHEIL. TEOT—2ZRETHIE,

Inverter MIVA

Capability Curve
a

/,

+0.95 pf based on
Max Discharge Power

+0.95 pf based on
Max Charge Power

-

-0.95 pf based on
Max Charge Power

‘~. -0.95 pf based on
Max Discharge Power

-

Maximum Active Maximum Active
Power Charge Power Discharge

Exhibit 14: Inverter Based ESR Reactive Capability Curve

BHLEREEEHEME
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PJM Manual 14G: General Interconnection Requests

Attachment

Attachment A

Generation Interconnection Feasibility Study Data
Interconnection customer(ZQueue Pointh 5 FKERIED RIERICIRDI T —PEUTAREITADT—E%1RET
HlL, TR, BRBINEIVERBNEERT S,

Attachment B

System Impact Study Data
Interconnection customerldQueue PointM o AT LANDEER DT —2EIRETEIE, TR, ERMBTS
SUERMBEERERT A&, 5L, Attachment B-2E S B9 52¢,

Attachment C

Small Generator (1L0MW or Less) Technical Requirements and Standard
- ICRERICHEH T HIOMWLU T O /NMRERERHEL. IEEE 15472 R —XELI=PIMOD BT EHIZHRES L,
« 21)wyhHD#HIFRIZEAL TIXIEEE standard 5198 & UNEEE Flicker Task Force P1453%~A—X ELT-PIMMD I HTE
HIZHESTE,

Attachment D

Small Generator (greater than 10MW up to 20MW) Technical Requirements and Standards

c FT-ICRIRICER T HIOMWLUL T D/NRIBEFHEREIL., IEEE 15472 R —RELF-PIMOEMBEHIZHRSI &,
« 21)yHDHIFRIZEEL TIXIEEE standard 5194 K UNEEE Flicker Task Force P1453% R —X ELT=PIMD T E
HIZHRESZE,
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Attachment
SCADA Requirements by Transmission Owner Region
S TS -t == S = - -
EEIUTEIEEIN-TET —3%.SCADAV AT L LIZIRET S,
"W and Woltags Threahcid for SCADE, | WAt msioh SCADA POINTS
Hscurnman Legacy BEADY
T ol
Distribution Transmissn Pl |[CHSakn]  Vaits ﬁ# W | MVER | M | WeaR | Marmcakos | Fesg. | ¥ Fiicer
OOl el p i D, | A L Ealy Hira (el .
P P | b Bt rvmperran Me Ma Mo | M | Ma | M | Mo [ ves | ves | ves [ ves | e e | ha
e o LR, s o sl LA
AE AW & s AN & asien Fan Fan Fa Yem | vem Mo | Wew | Yen | Yem | Yem | vas Pan P P
AP | comne by v by | M ERERAGSCADAL Ma Yes | Wes [vemcd| Mo [veide| Ves | Yes | Y | no F—nwn M | Yes
BER || gqaneraly = T &l Mo YeuomR |y | ves i Mo | Mo | ¥ms | wes | wes | mo [ Mo | HMa
BEEE Al i [ ﬂ Yis Yea (™ Yes | Mo | Yes | Yes | ves | mo [ Pa [
GomEd ’,!”’E:wﬁ‘m P Al Hu Mo Tea vea | vem | vex | mo | vee | vem | vem | o | Tes vee | Tem
Dayign || "% 2Giminadby | As “m b ho Yes Mo | Wes | ho | Mo | Mo | Yes | ves | Yes | ho ho Mo | Mo
Attachment F [Ceimeea|| 55w & above AN & asoee e Ta T ) e Mo | Yes | Yes | ves | ves | ves | rac ™ Tea
W locw (== gy T -
Dominion || 2 = NN & azown Ho _g“‘ Mo Wes | ves | Yes | Ves | Yes | Yes | Yes | Mo P Mo | ha
Case by case, ol 5|,
Buguesne|( o0 KW & as0eg Yag Fo Ha Yis | ves Mo | Yes | Yos | ves | ves | Mo P g P
FE || case by case basis & Ho """'I'H"" Ha ves | ves | ves | ves | ves | ves | ves | rio Pa b [
] 7 WA & atowe 7 WV & mmimen Fan P = You Fics Yen | M K Fn Pan i Fam
&R 1 MW & b i Ho P Ha Y hi Fia P '?E Fo P Tan P
PECD || o MWW & above 5 WYY B asuen Hu T ez Yem | vem | ves | Mo | tes | vem | Yes | Mo e N P
Al oot by case | AN - case by case s - Trig
FEFDO Ptet e A M Yes Ve Ve Ba | Yes | Yas | wem | wvex | Ma Fa [ bz
FRL 2EMW B otove | All- 53 KY B abose Yau L ves | ves | ves | ves | ves | ves | ves | Mo P Yeu Fa
PSEG || come by s bamis il Ho ""'"‘_;T"" Ha ves | vem | ves | ves [ vesr | ves | ves | Mo [ [ Fa
U 1MW & atowe | M0 2Em aneARERL g """"g"’"’ Ha Yes |vemcln| ro [veide| ves | Yes | ves | Mo P vas | Mo
1 L wred usguasng (EEEY and atcre) ard LIGHTMW and pocww or By and aboem | recues thet custormar maiches Far company’s SEALS, squpment. GGG Inismel cpior nat permid
z Petiry e e AL DG (IR TupingG devcns) andior ran G [nleerugieg device|

. fatiry 3l =g ssquine netalabon of Possr Cualty monfianng desvcs




(4) RTO/ISO (PIM/CAISO/ERCOT) OD#FiZE 94
PJM Open Access Transmission Tariffs Attachment O
Appendix 2 Standard Terms and Conditions for Interconnections

PJM Open Access Transmission Tariffs Attachment O
Appendix 2 Standard Terms and Conditions for Interconnections

4.7.1 Reactive Power
Reactive Power Design Criteria
4.7.1.1 F-ITHAEEGT OIRER (ANRKERS LUV TOMDOERAFEEREZRRO L. RAELTHEEZEHA0.95MDEN
0.90F COEFHIHF T HI L,
4.7.2 Primary Frequency Response

F-ITRERBFEERTIBRB L. ANTFLEIRAZEOHHEELRE. HiF. ERATLHILICLY . RERFED
Primary Frequency ResponseZ R332 &,
Governor or Equivalent Controls
cHNFFIZRZFEDHIEERE L HRA5%DDroops +0.036HzMDeadband., =%, TN LYBKR LR EEZE TSI,
4791 REEEENNH T ELBZREONEEBEAVTIRERHEERT SBENDHBAICIL, BEICAEBEEE,
e balancing authority|Z (1) A/ \FF = (XEZE D FIEZEEDREIKR. 2) ANTFERFOFIHEBEZRET HE
. QERREL.ZHREITLHL,
cEXBIMEELRYROMNI, CNoZFEIRSEDILIICENH DL,
Timely and Sustained Response

4722 HEEEEI BTEDERALOFNLHIGEEERE. HNTELERFEDHIEEEINBEET I EETIFHENIE,
T c VIEKEL VR T LD BERBMN A NFTEIFIRFDH EEEDDeadband DR EEHFENICRSE T, BREXEETED
BHGETHIFIT S,
Energy Storage Resources
4.7.2.4 IRILX—BTEE% 1% (Energy Storage Resource) [, Section 4.7.2, 4.7.2.1,4.7.2. 25 K UV4.7.2.3[ZfE > Tprimary

frequency responsex R 5 &,
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PJM Open Access Transmission Tariffs Attachment O
Appendix 2 Standard Terms and Conditions for Interconnections

4.8 Under- and Over-Frequency and Under- and Over-Voltage Conditions
FHEEEEL. KiEDfrequency ride throughd & UWvoltage ride throughDH#EREZFFEFRL . Section 1.4.41ZHE0LN, BB K %k
— BEVB R DR AERIZRERMEM Transmission ProviderFE DY AT LML BB E-(XBEFFICETI SN ZNKSIZT
5Z&,
4.9 System Protection and Power Quality
System Protection

REEXEEL. RERHEFEIIMOMBO—HMELTORTLRERFEZECERATRE. BR. #FT5HIL,
Power Quality

REEEE L BASNIRMEGBLURLCEHON-EARERENLBEDRREFIFRISLNL,

4.9.1

4.9.2

BHLEREEEHEME
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CAISO TARIFF APPENDIX V Large Generator Interconnection Agreement
54 Power System Stabilizers
HREEEET. ZUTHESIEBEMETES (Applicable Reliability Council) BNE & =H A K542 & L UCAISO Tariff
465 1DMHEIHEL, PSS(RMBRTEILEE) ZihE. RE. ERTHIE,
. « PSSHAMELEL ., F1=(F, BENHEGA TELRNVGEE . BEEILCAISO, TOIZELITEHML ., IOMNIPSSERIFSE DT L,
« CAISOI&, PSSHRELNFABRIN RO EBMEICRELRIFTHEIL. RERFEOL HINGIEILMEFIEIERT S
EMNTES,
cAREORBIFEXDORNFEERMICITBEALLGL,
9.6 Reactive Power
Power Factor Design Criteria
9.6.1 KEBEFREREL. RAELTHEEZEA0.95MN5EN0.90 TTHEHHIHiIFT L, BRARERBI IOV TIIERIRE
MDAppendix HIZHESED ET B,
Voltage Schedules
9.6.2 * CAISO, TOIEHEREXABIT.6.1LCEOHLEENTEEINDLI . VK ELATBETICERER 72—V EiR#L. BE
D EREFTEEANER  BREFEEFEFIERRT D2 — LR - THREREDEEENEEHFTHL,
Governors and Regulators
HREBRBFEERMERUERLRT MR, EXERARSRETEGARELIG A, EREHRFREBENEIRLT 5L,
- BEREIA TELMEEIXCAISO, TOIZELIGERD L, REREDENTE IMNEHEDEEHNE LU Steady state
stability limitsDEERN LD KO FENEERZ1TO &
9.6.2.1 R EBEXBIEERAEREARELGREY ZONCEIELICEIFSEDLIE,
cHERBOANTHEIUVEERAZERNTETIZHELTULNSIGES., CAISO [FRFEDEEMICEZEXRIZTIHESICIZE
HERBEIEfZ5ZamCHEFIZE T 5.
« RERMBIEELRERECIREED ANSI/IEEE #R#E C37.106 [THRESNATWSREREHEZ THELLZWVLRY., BEIMIZES:
TR ICRENCEAILELN &,
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CAISO TARIFF APPENDIX V Large Generator Interconnection Agreement
9.7 Outages and Interruptions
Under-Frequency and Over Frequency Conditions
« EEREAEL. ride through’#aEZFER T 578 . R BT HEXIEFEEFTES (Applicable Reliability Council) DK
LT, REERBAREARME LV BRI RRREEEZERETSH &,
9.7.3 s ARBERBLELSVICSERRBDIRE(Z DL T, Good Utility Practicel 2> T, CAISO., TOE DB CTRELAEEXTSC
&
« “ride through” &LV AR & TR EIRBE LVBERB D FHERICREBERFENRIKICHERL ., BEALIREBEHEFT S8
NZEERTHLEDET D,
974 System Protection Fac_ilities o ]
o REFXEIL. RERBELIIMOBBO—HELTORATLRESRFEZECERATHRE. ER. HFIHIL,
Requirements for Protection
HEBRXEERREREALIVMOMKEEZ. FHEER. BT ERAKY. EENGEFER, BREEELSUTICHERD
9.7.5 REREFORHEINSRETIREZEILDET S,
cREBEXFHF. RHKRICEI - THREERMBICEBLELRIIIURMELHLIHE. RERFES LU MOKEFEERETITIE
FEZBEHTEITNDET D,
Power Quality
9.7.6 BEDOEEIVvHERESETY, ANSI Standard C84.1-1989 CE RSN IEKEBEE F - (EERICBEDEAZELS
BT,
9.10 Disturbance Analysis Data Exchange
_ REEFXEE. . A2DT37 REIL—F—T Vb EFHFOREIEFELUVERDEHFESUIZGood Utility Practice T&
RENDBFHREELHELICEET 2HoPDFERZIREL., 7V ERZRM T HEICEY . CAISOLHEEICH NT DL,
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Appendix H INTERCONNECTION REQUIREMENTS FOR A WIND GENERATING PLANT

Low Voltage Ride-Through (LVRT) Capability

BITHRIZBRLVRTREE

cBAARERE L. ZAHABEDOEDEEDEIRERE (4~9H(47)L) L. TNEIYELRIVEIBEMZE T 1R I& K
FRICXLT, ERIREICEIBT H2FETOM. ERKBEHTT O 2L, AT HETHEZNEMICRE
TE5HHE FR<,

c = HEMEDCEOEIBRRBICOVWTIIEEMEICEEOYEERT 5. 6. EEFMEADOEIBRFRBRNT=4HHK
EERETETCVDEMES . BNREREEMAEIILTKU,

c R LETLEREONENRELTVSME. REMFEAZEES (GSU) DERAITREINI-EENOVULTDIEE.
BRARBEEREDEREHTFIT DO,

c KEHIIGSUD & TRHMAITH LM ELICIZBERAINALY,

Power Factor Design Criteria (Reactive Power)
i « BLOREEREIEL. EA0.9505EN0.95DEHFED WETEIERTHIL,

' c NEDMIFIZHEULTIL. CAISO. TONRESELE-EBAIZ/INT—ILOMAZHR /N3 —FEZHANTELL, 8.
BAOKEXRBDOEEGRICITENODHIREFFILELENIE,

Supervisory Control and Data Acquisition (SCADA) Capability
iii. BARERIL. REOEEEEZERT =012, TO. CAISONSDT—E2ELUVIETREZIET H1=HD SCADA #
BEZFTERT &,
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1.8 Reactive Power and Primary Frequency Response
181 FRIEARERMBUNDRERETIX. REIELTHEEFHEA0.95N5EN0.90 FTHEFHIZHIFT LI L, FFRAFKER
e [ZDULZTlXAttachment 7TOE#NERAEINS,
Primary Frequency Response
IR ERBERITHIFEEZIL. AINTFEIRAEDOHIHEELXRE. i, ERITHLIZKY. REHRHEDPrimary
Frequency Response##Rd 5 &,
THNFTFEIIRFEOFIEEE L. BIEHDELZEEL. Droop. Deadband DR EMEIZH T, RERIEDENE S
*BEEMICARTAEENEHBAT-/N—F 2 7FEEV IV Iz T7E2EKRTEEDET S,
1.8.3 « ANFF-ITRFDH HE R (FFRKR5%DDroopé +£0.036HzMDDeadband., - (FFN LY BELERTEEETHIE.
* DroopD4F TR BERED TR B =(CHE DE, Deadband parameterdt D59~61HzD BEIE K ICH L TEBKEM. £-15%
NEYBIRGERTEEZE T &,
 BR#UR ZHDeadband parameterz i 2 =356 . BIRBIREIZIECH/NEREZRFBOEENHNOFRLEILEE. €
AMGIRFEYERYICZEMNE LB TS5 (Droop curvel ZEREZERITHLNE) . FIEENLVBRISTREEFR(THC
&Eo
Electric Storage Resources
EERWEERIABEEIL. 1.8.30RIBLEEEDHSPrimary Frequency ResponseZigiit 357, EEXRHED
zéfgégjtﬁ\g)?s—éﬂﬁﬁé:lﬁn%ll\ﬁI:OL\’CO)@M’E%E%E&ET%:&O BEEREIFE IC DLV TIXEIMA BRI ERASEL . RD T &
1834 FEBIREDKEZDFEIE

« Bk #HDeadband Parameters 2B E£ 2 AR D FBIE

- A& BDeadband Parameterst O B K R E O T A&

cBEREDYIEMEEN

 A—N—DEHKIZLDEEREDER LDOFIRE

« CAISOE DA EF-IIMEIZHKELTTO, Balancing authorityEDEDS 2 THOZFDOBEEER
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Attachment 7 INTERCONNECTION REQUIREMENTS FOR AN ASYNCHRONOUS SMALL GENERATING FACILITY

Low Voltage Ride-Through (LVRT) Capability
EREAREREIL. RFELTOEEDONENELEE., 4~9H A4V I)LFEF(F150msD LN AR A D BRI IZH0
it%ﬁ#ﬁ%l:fﬁlﬁd’éif@ﬁ KB EMIF T AL, 121U, BT 5L THELZIEMIZIRETESS
BIXBR<
s FEEOBRMIE. BRI TAEEE AMEEDO.2p.U.LUTIETIEAL L ZABEDEIBD-OD . BE
i, DEAFMERFIZEIGENDET S,
. F?i%ﬁ%k%@%ﬁ%&lﬂ%#f&mm&ﬁ’é%ﬁﬂﬁkn ERARERMEIINENARELTLDH. READEEEEIEL
THLLY,
s KEHIIGSUD A RHMAITH LA ELICITERAINGLY,
cAREHIIERATOEETN., BE2MHE T, AFFEE0D0.90~1.10p.u.DEH(CEEF>TWVIGHEICOHERS
nd,

Frequency Disturbance Ride-Through Capability
i JEREAR F K {HIL. WECC Under Frequency Load Shedding Relay Application Guide[Z#8 % &t TLYBOff
nominal frequency D E (2, RIEDEREEIT H L,

Power Factor Design Criteria (Reactive Power)
« JEREARE LML, Phase Il Interconnection StudylZH W T, BREMFE-(XEBEEZHERTLH=-HICHETHD
i. LTSN IZIG BT, #HAH0.950 5:BN0.95DNEHFE N D NETEET 5,
« NHEOHEFHITBULTIE, CAISO, TONEELEBEIT/AT—ILIMAZIR, FH/8U8—EZ2ANTEN, B8,
JERIEARBREDEGLDPICIETNoDEHFEFLLLGNIE,

Supervisory Control and Data Acquisition (SCADA) Capability
iv. EREAREEREIL. RFEDOEBEEEHERT B=HIZ. TO,. CAISONLDT—E3EIVIEREZIET H=HD
SCADA HEEZRER T 5L,

Power System Stabilizers (PSS)
FEREARBERMES L TIXPSSOHZRE (T BAEHTITELY,
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2.2 System Monitoring and Control
2.2.3 Response to Transient Voltage Disturbance
6.2NREMBIRDEFETTA>T. —HHLGBEREBIEYICRKRETSHIE,
2.2.4 Load Frequency Control (LFC)
cBZBREFTHNICHELLGNS, BFEREE M (LFC) (ZXY ., EHE R E60HzZ#HiFd 5L, Regulation Service
EnergyZ#E{RL . £ E(ZIHL T, Regulation Service and Responsive Reserve (RRS) EERCOT Contingency
Reserve Service (ECRS) % Security-Constrained Economic Dispatch (SCED) Fi&(Z{#5Z & (ERCOT Nodal Protocols
6.5.7.638),
*ERCOT LFCY AT LIE,NERCOEEZFET-F =02, LFCIZHE- T, fHE L UVRRSZHIET 5,
Automatic Generation Control(AGC)
*QSEIL. BEREHIH (AGC)FFRHAL T, BAIB LURRSZIRETHIRERFEDHHEIETRTHLE,
AGCHHEL-1EE L. B DER S EEAMEZERCOTIZEMT 5, ERCOTIZV AT LZHIET =012, BIMD TS
23V (SASM) ZF R ESh gk BIZITIZE,
« ERCOTIZIL., HlHIC AT LDBKITIHA /NI TV THENH D, /\vITVTHEEDEITICKRE LI5S . ERCOTIX
FEHA KON TS, —FBREHIE (CFC) &3EE T 5K5I1ZQSEIZHETRT B,
« ERCOTI%. CFCEZE%T BQSEIZ. §lfH1L R T LIZEYENATREANTBESIZIERTHE, CFCEERETBHQSE
THENFEELI-BZE (X, ERCOTIXADQSEIZEMMD IR ILF—%EXL T, create regulation roomZz{EKd 5
&Eo
2.2.5 Automatic Voltage Regulators (AVR)
- BEEEFEL (AVR) (L. ERCOT Nodal Protocols 3.15M &R (AZ0.97LU T D##F) -9 & AVRIZEEN H
=15 & (. EH(ZQualified Scheduling Entities (QSE) £ TOIZ#/%&L . QSEI&. ERCOT Nodal Protocols 6.5.5.11Zi82 T,
BELIZERCOTIZHRET S L,
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2.2 System Monitoring and Control
Automatic Firm Load Shedding
ERCOTV AT LERMN25% LY /NEMGE, UTOBEARH# (UFL) IHESTE,
Frequency Threshold TO Load Relief
2.2.6 50.3 Hz At least 5% of the TO Load
589 Hz A total of at least 15% of the TO Load
58.5H=z A total of at least 25% of the TO Load
Power System Stabilizers (PSS)
RIREILEE (PSS) [, TREELL LT, RERGENEERRKICRIATEDLIICT AL, RIKBDENIEIRZ0.2~
2.2.6 2HzDEBEICIRD DL, PSSICERENHo1=HE X, QSEIZHREL .. QSEIL. ERCOT Nodal Protocols 6.5.5.11Z;8>T.
ERCOTETOIZHRET HT &, 2010512 A 1H LIRRIZERE SN =10MWZ #8 Z % Synchronous Generation Resources|.
PSSZEAVAL—ILL ., REEHDRICPSSERESE IV ELH D,
Turbine Speed Governors
Combined Cycle Generation Resources® &5 2—E > Settlement Only Transmission Generators (SOTSGSs).
Settlement Only Transmission Self-Generators (SOTSGs)[&. LA F M Deadband & U*Droop% SettingsIZLZZ (F X745
A
A Table 1: Maximum Governor Dead-Band Settings Table 2: Maximum Governor Droop Setﬁpgs - =
Resource Type Max. Deadband Generator Type MHIS' i]].:;;p -
Steam T_ur s +/-0.034 Hz Combustion Turbine (Combined Cycle) 4%
297 Mechanical .Gm'er?mrs . . All Other Generating
Hydro Turbines with Mechanical Governors | +/-0.034 Hz Units/Generating s,
A]l. Other Genf’:‘rat:i_ug_ y /. 0.017 Hz Facilities/ESRs/Controllable Load °
Umnits/Generating Facilities/ESRs Resources
Controllable Load Resources +/-0.036 Hz

ERCOTIZ. {EEKFME (Frequency Measurable Event) [C&HRASEELD AW H DG EIZIE. —EHIME. RAS
(Remedial Action Scheme) D EE FIZHAENEELZHE(WGR)IZ, BREBICKEIEREENENEHIBRIT L3518 RTS
EMNTES,
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2.2 System Monitoring and Control

Performance/Disturbance/Compliance Analysis
ERCOTIZKYEFEIN-—HDRFHHEEBEREERA NDFEEXFEEZIRCEIR. ESR(Energy Storage Resource) . SOTG#H
LU Controllable Load Resourcesl&. 2.2.7MH 73+ —. DroopTHRE SN TS ESIZ, BLIREEZICR/IGLAITIERS
75Uy, D7a<EEFME (Frequency Measurable Event) IZE T 5&EIR. SOTG. SOTGS. & & UControllable Load
Resourcesld. &xIE12H0 A 5 O #HE — RERBIC E M EES KU FH— RO BIKRHIC E HEEC.75Z M- T I n
75U\ ERCOTI. FFEHZFHEL .. BEMZFM I H5EE. L TOREGERNTEHIENEES,

2.2.8 ERELR#EE D154 : SMWZET=[XHigh Sustained Limit(HSL) DB ABED KELVHF TEIMET S L,

BB EEEZEDISE SMW, HSLOD2%E =B RN ELDLSLEBASIRABEDVNTNHAKREVNATHET ST L,

*ESRDIFE . SMWEIXEERBNELDZRKBREZNFIED2%DNT A KRKENAT. HET DL,

*ESRDIFE . SMWEIEEEIRBNELDZRKBREBZNFIEHD2%DNTNANRKENAT. EETDH L,

cBHDHANKEAGYSIHEREDIGEIL. RRBEIEHSLMSIEREHICERE (NFRC)ZF5ILV =L DELTEHE

5L,
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2.2

System Monitoring and Control

2.2.9

Time Synchronization
Energy Emergency Alert (EEA) DS AT LAR UMD IERELE T —2MEF{REL . & K Utransaction schedulesD R
R Z iR T 57012, 2R TOQSE. TO. ERCOTIE, HlfHIL XA T LDELZERIZER (NBS) B D £3 M LIAIZH
ERCH

2.2.10

Generation Resource and Energy Storage Resource Response Time Requirements
cBEYR—IEEEZE T OREREIL. REOEIDENEMEHFE N T, ERCOT., ERESHDEERTEIETITHKIZ L,
cFHEHREX. EEZERISDUANITEEDEBRELLAISEDE HEHIET S L,

2.2.10

Shutting down and disconnecting Generation Resources or ESRs from the ERCOT Transmission Grid
ERCOTALDIEREZELTHLERURIZ, vy T 0o D—BDRIEEITOIDLENH D,
[RFHFEREME. ERCOTEEMMNOUIETT AT, EFHRHFEFZES (NRC) DFHESEHICEMNTHIE,
c ERERBEEIXESREZXEM/O UM SR, BEBRFIIRESDELGISE . IERH L1572 LRI O —EiR
EEITODENHD,
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2.6 Requirements for Under-Frequency and Over-Frequency Relaying

Requirements for Under-Freqguency and Over-Frequency Relaying
FEBIETRELERRKFICHELT,. ENEN, TRICE>THRERBEENIVTSESRILE,

Frequency Range Delay to Trip

AT ~ Frequency Range Delay to Trip
Above 594 Hz NO automatic npping S ; 7 1 R YT 3
(Conlinuous operation) Below 60.6 Hz down to and No automatic tripping (Continuous
Above 58.4 Hz up 1o Not less than 9 munutes ncludmg 60 Hz operation)
And including 59.4 Hz Below 61.6 Hz down to and
Above 38.0 Hz up to Not less than 30 seconds mcluding 60.6 Hz Not less than 9 minutes
B 1 , Below 61.8 Hz down 1o and
Above 57.5 Hz up 10 Not less than 2 seconds Juding 61 6 Hs Not lesdthon 30 soconils
And including 58.0 Hz meiuding 01.0 1z l L S than SO seconds
2.6.2 57.5 Hz or below No time delay required 61.8 Hz or above No time delay required

Frequency Ride-Through Requirements for Distribution Generation Resources(DGRs) and Distribution Energy Storage

Resources (DESRSs) Frequency Hide Fhroush Mod Minimum Ride-through Time
BRITHST. FRBIETRE (Hz) Bt (seconds)
FREICBTAEESGH#ETITOICE, ' f>618 | No ride-through requirements

' 61.2<f<61.8 ‘ Mandatory Operation ' 299
58.8<f<61.2 ' Continuous Operation | continuous
57.0<f<588 Mandatory Operation | 299
f<57.0 ‘ No ride-through requirements
2.7 Real-Time Operational Voltage Control
System Voltage Profile and Operational Voltage Control Nominal | Normal Operating Emergency
c BEFOEEXOEHBEIL. EHRIEDIS~105%0D Voltage Limits Operating Limits
S (C, EMEIE. 90~110%DEHEIZINDH D&, 345 327.75 — 362.25 310.5—379.5
2.7.3 (BREH), 230 218.5-241.5 207 — 253
« BTOIE. RER WM IRESIND 138 131.1 - 144.9 1242 -151.8
dynamic reactive reserves# &5, 115 109.25 - 120.75 103.5 - 126.5
W E 7 static Reactive Power resourcesz: &9 52 &, 69 65.55-72.45 62.1-759
Transmission Operators, JAPAN

————
0CCT0
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2.7 Real-Time Operational Voltage Control
Resource Entity Responsibilities and Generation Resource and Nominal Tolerance
Energy Storage Resource Requirements Voltage Band KV
VSS (Voltage Support Service) 1Rt H-DIZHKBEETEXE (L. RERBEIEEE LD 345 +/- 4kV
2.7.3 EARENEHELT THELLGEM S, POI(Point of Interconnection) M 230 +/- 3kV
EEEEEREADOFEHRENIHITT 5L, 138 +H- 2V
115 +/- 2kV
69 +-1kV
2.9 Voltage Ride-Through Requirements for Generation Resources and Energy Storage Resources
Voltage Ride-Through Requirements for Generation Resources and Energy Storage Resources
cHREBHRBEHLIUVUETEME. UTOEGEHICEWLT, EERMICERINKBEMIF T HLIIEEGT SN DL Th
23T BAEEIL—MEBETHE,
- REHRBEERIEAN—IDHFEENELRERTBEEDSNLUARNTHY . D INILYHEYDEBENKREZEDEE
an-I- @.E&&UH:&R&@lOS%u—F’Cﬁ)év_&
- REREEFAVN—ADIGEFEEDRENSUNEBAIGE . ERERIABTDI0%UTTHY . HhD. 10 LUIAZERE
wIvE,
-REREE(FAN—F—DANIIVYEEYDEED., ERFRFAEESLUVERHD116%KETHY ., HhD. LEFKE
2.9 EHmI AL,
-mEVRATLIEE (=48, B, x8) (X, EREROHEREGES (POD ITEHRSNTWSEE LT, RERELEEY—
EXTO/NALF (TSP) LD THRBEINI-REAT—LIZCK>THERTHE,
s AYrDHWPEFIT—RIEERIL—DBEDGZE (L. A=y MREYL—IXEXRE)L—DEMEL(XERBRICOI=Y
EeD) 72T HENHES,
c1FHDIEHDERKTDOM. EREXRFET-EIEEHIEEEEEZEDOME. BIREYR—rE-ITEEZRED Y R—
FEBRWT. BB NEEIIEDIENOHRBEFELELTIESLEVD, ZTNETROEEIL. RKEE—FDIHEE. ERCOTH
beonsuming active powera HEL TS5 E. BEEXEZTORB LUV ZTDEDEXRBZYR—FTBHIZIGCTHEHE
BHZHIRL ., £, BCF L,

@

0CCT0
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Organization for Cross-regional Coordination of
Transmission Operators, JAPAN
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2.9 Voltage Ride-Through Requirements for Generation Resources and Energy Storage Resources
Voltage Ride-Through Requirements for Generation Resources and Energy Storage Resources
+ VSS (Voltage Support Service) Ziit§2=-OICHELREBEERMHEIL. LTORENEZFHL., #iFT 5L,
- B2V AL, 2=y ERETE E (ANSI C50.13-1989) D175 &t 80N E BRI A HNLGENEHZEISAIEEIZT S
F=OIZ REMRUERSIUVREIL—DRBELLTEITONTLNSIE,
Time (seconds) 10 30 60 120
Field Voltage % 208 146 125 112
2.9.1
- BRI — LR ERBEREHBLEEE. USYRAEBEH ACEREL FaL— 23— LTHEL. J—ILFEREE
BRERETHLOIEDIZE, ERFLRDBEEDACEZFHAEZDEIRIE. BEINIZITHREFNIEESAL, BRI VS
L. BEIERENEEL XL —F—)IVIDBELI-BEEITRETLS1C. BRMEHRESEET LI,
BN SR AR —F— DI AP BEDIRIEICLAREI VDR EGUIERZG<T =02, EFRBE LR KFRE
CEELTERMTHIE,
HEXRMBHIVEEHII. EERENCHBERETA-ODIRELRETHEZEL. REDHREEISEET S,
E A CTRELEEEFERIT HEICKYRERBMNERCOTV AT LNLYMEN-HE X, EESAFRIL—(VRT)
BEHFERINGL,
Voltage Ride-Through Requirements For Generator Resources 5
IRR (Intermittent Renewable Resources) £71=I£ESR (Energy 11 e
Storage Resources) &, e ,
BEICRT £51, ABHEAREL TSR, DL Sos <
0.15B B EEYL—EREREICL, S RTLAEET S e
291 FIZHRETIDEND D, BAUEENDIO%NETH[EE o
T FfE &, L75FLLAIZT 52 &, §3‘§
o e
etk P [ 1 Votage oy et ]
SRS

0CCT0
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2.9 Voltage Ride-Through Requirements for Generation Resources and Energy Storage Resources
Voltage Ride-Through Requirements for Distribution Generation Resources (DGRs) and Distribution Energy Storage

Resources (DESRS)

» DGRZE = [XDESRAE#H SN TULVAER E [B % Tshort-circuit fault¥z =% open-phase conditionm® A L1-154& . DGRZE -
[IDESRsIEBEZEFLL. A T4 TR)YT L. EBEFIFRIL—HEENBESN D,

- REAREZFIAT HDGRIE, FTieDEHRELZRYULLIICEATREEIL—%ERET B,

Voltage (p.u. of nominal) Minimum ;;T::L‘;r sl
0.88<V<1.10 continuous
Linear slope of 4 s/1 p.u. voltage starting
0.705V<0.88 at0.7s @ 0.7 p.u.
2.9.1
c AVN—E—EEFIAT HDGREKLUDESRIE, LT DEEFHERYIDLIICEHETSN, L—DERESN TS
&O
VOltage' Ride-Through Mode Minimum Ride-Through Time
(p.u. of nominal) (seconds)
1.10<Vv<1.20 Momentary Cessation 12
088<V<1.10 Continuous Operation continuous
0.70< V<0.88 Mandatory Operation Zd
050< V<070 Mandatory Operation 10
V<050 Momentary Cessation 1
BHILEEEE #EMET

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN
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4 Emergency Operation

Implementation
- EEA (Energy Emergency Alert) #ifflth . ERCOTIXER&EE#HEZ AL TERCOTLSN O HlEIIE MS TR ILF—ZFRZEL
1=1). BLT (Block Load Transfers) Z AL\ TA#FIZERCOTLS D &l {Ethig (cF B & & B4 EREH->THEY . NERCD
4.5.3 scheduling guidelinesIZfiE>T. energy schedule% i35 EMNTES,
- EEALRILIDIHZE . ERCOTIE. RAEHMOBEEFELL. REXRBOLN )V TEHILSESHT-HIZ. SCADAFITEERMR
ADEEIREIZEK>TATOEREZITS,
MEEALANIL3: FREA 205 EfE T59.91HzE FRI-TLWAIFEIZEE SN 5,

Strateqies (Blackout)

ERCOTL AT LD HBEEE-IZEENRELEIBEICIE. HEEHEIN=RYN T —IF T RELRYEONEED

REIZCEI-ODIBEFELIVENH D, HTOIX. ESIZ ERCOT BlackstartzHEZBI8 3 52 &, ERCOTED@EEM

AAREIS S HEEH SN -BlackstartFE B R EH LU Blackstart R EBRIBDQSELNBIEFELICHEILT 5 &,
4.6.2 BlackstarntF¥E % E D& QSEIL, RERELNDFEEZRIL., KKREERCOTE LU LT HTOIZELT 5. FIHAAEEL
BlackstartEE KL, ZDORES LV FIELZRIEL. TOLDBIELZHILT HE, RE-EBMNAIREICELST-1BE
X, FBRREE#EFLOD, ATREREED/N\TURITEEL, RE - XEZXHIBT S L, EIRPIX, BEULBELANIL
CENHIEEHFT AL BIE. BIREHIE., BEEHIE. BERE. tHLEEEEEH T 5 EHREEET H52E, ERCOT
(XBEEREFME(AGC) DEIERETHE,

@ B E R e A e

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN
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6 Disturbance Monitoring and System Protection
Disturbance Monitoring Requirements
*ERCOTY RT LITERT HL00KVIL EDOREBFROEEBRMBICHE LT, RIEEL6Y T ILIYFAY)ILDRREL—L T, #f&
6.1 BER. $E@€Eif:1i5@@€5ﬁ%§uﬂ%~ EWIERETELRT DL, ]

' « EEBES500MVALL L, F=(F. BREFTEIA1000MVALL L TEMEI00MVALL LD FEEL K (L. Phasor Measurement
Recording Equipment #i&%iE3 5 &, SLEkL—ME30E/EY, 2T L—RME960H 2T ILIFY ERCOTT—4UNE
FTICBERRTT —2%EEREd 5L,

System Protective Relaying
« IEEERR#& . ANSHRIRIZIR > TRERBERDHIZITOIL,
6.2 * 100KVLL L CEELENAHERCOTU AT LD =vh GEEHR. buses, FHEHRH. EEER. 2T —%F) (T2 DD REH
B CRETIHIZL REMREFROERFTL.2OORERERICHBOTHADFERZRITHIE, HBDBREIU 7 IE&/N
RICHIZ . BE—DARBDBEIZE->THADRE)L— R T LNENZESRIREMZF R LT EMNEFELLY,
7. Telemetry and Communication
Telemetry
ERCOT ICCP Nodal Communication Handbook *1 [Zia->T. Qualified Scheduling Entities&Transmission Service
23 Z_r%vidgrsh‘l ERCOTIZUTZILAA LT —2%IRHE T B L, TOR, ICCPTRRLEFERAL. WANBRHTT—4% YUY
*1 ERCOTDIRILF—IR—TU AV AT LDMEE- O T~ BIERM. VAT LER., BETOrIL, T2/
T fRER o

@

0CCT0

BHLEREEEHEME

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN
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FERC Order No.
661-A (2005)

IEEE1547-2018

CAJN Rule21

IEEE P2800
(20215FF4Q% 1T
FIE)

0C...

Interconnection for Wind Energy
20MWIBOR TR F a4 | AORBZUR

« Low voltage ride-through (LVRT) capability

» Power factor design criteria (Reactive power)
» SCADA capability

Standard for Interconnection and Interoperability of Distributed Energy Resources with Associated
Electric Power Systems Interfaces

10MVALL T O3 B BLEIRORHOER(CBI I DHEREL TDERER T A

o RiTUR—MEEE (BESIEH) EIREUSE/BETA R —/BIEE 51 RAL-)

. Ea}_ HlfEItEaE (FRRhEE D HITH)/ DR —TEHIFH)

- BHMBEXR (BEZ#H(IUvH-)HIR/ERERFKEEHGIR)

. Zt\l/—/( Ei) (U TOEBEFIE. BUREGE. 1 R —DraEzEK

. EEHEE (EZFUY. i=bEHEH)

XEFBE (EPA 2005, section. 1254. Interconnection) CTHREE%mIINITER

Generating Facility Interconnections

%J?ﬁ)b:?d‘l‘lElectric Tariff Rule (WIINEHREI-IL) D12 N\-F—BEEGE4 TRDO3TI— A TORBHEEZE

+ Phase-I: UL17415R5EDAN— MM UN-5—-DERAZEFEL ((REHMEE/EBES1 R —/IJVyhEK(IEEE 519-
1992)/ERE 1 RAN—/ B AR ER(IEEE1547-4.3.3)/DCERE A HIPR/ R4 /BT - BN EH HIEH/ 5>
TU— Nl B ER-D NI/ B E - Dw NHIAED)

+ Phase-II: JEE*%% (TCP/IP)’f%!%ﬁE

« Phase-III: T —4EfRALEE. =IBIRIE. AL D HIEIHEEE

Standard for Interconnection and Interoperability of Inverter-Based Resources (IBR) Interconnecting
with Associated Transmission Electric Power Systems

o HIfEOERENERL. OB

BNE S —EREEHIE

HENE ) —BEHEH

ENRE (S RNEHE. JUvh)

E ST TR Ty

T )NUF=33>, ®ZHUY

FAN (dzyzaz>4. 547)



2. KERE

(6) NERC Reliability Guideline BPS-Connected Inverter-Based Resource Performance, September 112

2018 (IEEE1547-20180xRE\EIRZFRVC, 1>\ —5—BIRITER)

IR

AE

Chapter 1: Momentary Cessation [—KfZ1E]
EELn]REBEEE (BT 21> N\ -F—BRD/NTA—Y> A M@ LR

» Introduction to
Momentary Cessation
(Gl STEIOYivEEY

« Considerations for
Type 3 and Type 4
Wind Turbine
Generators [91473 ¢
4 DRI FEEHE]

+ Mitigating Ramp Rate
Interactions [5>JL—
ML BB EFRDEER]

BHLEREEEHEME

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN

0CCT0

B RME L DR EEREZ I EERED T 113,

BN RELEDBEEEEZ. PRC-024-2 EE 51 R —BERO_EENEMEICT 3,

EEERE (BEEENSEREAORIGETORR) ZoJgERENER/NDME (eLXx(E 1~38BB&RYA(Y
WOA=H5-) ([TR5T

BRI RS IENSEFDREE1000—1>Y MCRZEEDBEINE NSO TRE FIF3 (EAE 1FBLIAIC
NELRIDO TP IT1TEBIFEANCRDS) o Bl9ME. POER&ET. FRISEEBEBSEENSDIERT. LDEV
52—k (OFD, FEEEEDIKVGE) MEEINTLSIHS.

5473 (DFIG) 9474 (PMG) ORENFEEE. RFHHMEF (BES/RRIL-K) | HfEERzMH
a9 %,

RIRBEEDHISGREINTVST> T~ MR, —RHSIENSEIRE (BRVEAOEIER) (CFERS
NBNETFR, AIEERRDTRICETFHFAZREEIFOLAIICES 2o, T7> R ANOT> MO—-3cdo
THIPRENARETERL,
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IHH RE
Chapter 2: Active Power-Frequency Control [BX1&E 7] - BiEEHI1H)
 Ensuring Robust BPS(J;z’f;Jny//\ H—EBIR(E. PRC-024-2TiRTE I DEIREARAN ., REWBEZR I DL,
Frequency Frequency Measurement Duration [ELR#CAIERR]: BEIRES( R —DNYITREZRE. 18
Measurement and B 3~6517)l (50~100ms) THIEI D,

Protection [ERE/RXERK Time Duration before Frequency Tripping [NYITETOER]: BIRENEMEZ T O 205/ % 5% E
HURITE LRFEDHELR] EERR
+ Frequency Ride-through Settings to within Equipment Specifications [[EiE#51 RA)—5%
El: 1N -SOEEMEMIARICEDVWTREIRE N TRTEL. AERNY I Z[EE T 3,
+ Low Voltage Inhibit for Frequency Protection [NJYITETOEE]: BIHAMLCIEEI DY ATL
NV (RFREED80%) Z T ol5e. KERKRL/BEREIEE M REEE (UL —81) (FERNCRD. hyhAD
OBEMIE. RFEHFELER. BE Bn'F%EH%LH&g&’EIEEE(CET%‘C%an‘:-‘iEE"&@ﬁ@%h . 74
WL -T2 N\ -—-BIRICBV T, FEERETHSLVEROREIRH NYIZ21ET3,

» FERC Order No. 842 Order No. 842 : Essential Reliability Services and the Evolving Bulk-Power System—

Primary Frequency Response DiEFH

o T30 NAIEROBEIREN I REE£0.036HZORNKEFHDINCSH DB E BRI T IAN -3 1D N
&L, 82T 3, 5/\—t2 MDETFICEOTEDOH . CONEE. FBHEARNEAUTHSEDEIT DO TIERL,
A4 L) —THi I DEBNHDET . SVMERZNE. A, BEIEREN D 2<EE+0.036 HzOIMAICHSD
EEFVDTE, SN2 MRV -TTBR TR LI H D ZTREET 2 RELIREA NS MNCEIREICE 71
HIBIHDICRERIBZ T ORI DIDEER, 2L, BIRRE(E. 5%0 R —THARIE>TENE
HDEHZRST ECED D RLEBRNRRFEDIMAUTEB BRI T IAN -3 AR NGB T2 EN DD,

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN

@ B E R e A e
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IHH RE
Chapter 2: Active Power-Frequency Control [B%h&E 7 - B ERHI4E)

+ Steady-State Active « FERC Order No. 842, %9355 (EM%ZE 4 (ERCOT BAL-001-TRE-1) (CERLILIZBRIES -
Power-Frequency BRI i EE 2 A D o
Control [EREIRREEDE  « KEIREANAD MU T EAMEISSE I 2HEEZ R DLIABRL T2 ENDD. BIFRIC. INTOREL
NEE 17 - B R AR 1) Zy M. FHHEREICEDWTHADZRS I CEICED. BREIREANY NMISE T BLI(HERK T D EN DD,
f

53,0Hz =

62,5 Hz =

'ﬁfpu + a'JF:tll,r.la.l

62.0Hz = + fabpu

Droopy, =
61.5HZ =
61.0 Hz =i

50,5 Hz —\
I |

f, 60.0Hz

Deadband

Plen = 25%
595 Hz

59.0Hz =

58.5Hz =
Droopgg.n

S80Hz —

Afpy — &
E'i"oupamn — f,u-u f:ﬂl,pn:

+ fa.pu
57.5Hz = Al

570 Hz =

Owuiv
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. mE E

Chapter 2: Active Power-Frequency Control [B%h&E 7 - B ERHI4E)

+ Dynamic Active « POMTORLEEDATYITZLIEU T, 12N\ -A—ER(&. RICTRSNTOVZEFEZ BTN LE2EE
Power-Frequency NZEZ TV ENHD.
Control [#BYBZIEND
- B2 4 )

Table 2.1: Dynamic Active Power-Frequency Performance

Parameter Description Performance Target

For a step change in frequency at the POM of the inverter-based resource...

Time between the step change in frequency and the time
Reaction Time when the resource active power output begins < 500 ms
responding to the change™

Time in which the resource has reached 90 percent of the

. < 4 seconds
new steady-state (target) active power output command

Rise Time

Time in which the resource has entered into, and remains
Settling Time within, the settling band of the new steady-state active < 10 seconds
power output command

Percentage of rated active power output that the

Overshoot . . ,
resource can exceed while reaching the settling band

<5 percent**

Percentage of rated active power output that the
resource should settle to within the settling time

BHLERE S AT ** Percentage based on final (expected) settling value

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN

Settling Band < 2.5 percent**
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IHH RE
Chapter 3: Reactive Power-Voltage Control [T - EXhE I HI1H)

« Inverter Regulation o BEARMRA>/)N—45—HITEH05R R
Controls [4>/\{—4—l

iil)
* Reactive Power- Order No. 827 : Reactive Power Requirements for Non-Synchronous Generation DiEH

Voltage Control and « Power Factor Range: EN130.95~EHNZFK0.950E BN TEIRIEINE NHIGRENZB I HL
FERC Order No. 827 -« Point of Measurement (POM): HREFINERZ T30S/ TR TEMNENZ2MIGTBLE
(£ - ) EEFHEE « Dynamic Reactive Power Capability: BiFIEESIE (L. [1>/\—F—DENRIEEELFRBIEHTN
FERC Order No. 827] A 2AEAAHEDE TR EMOIZAT LI TEIRT D, FRNENEHT /A R(E, 12/ -FEPOMDET
R HIEREMIHICDHERITINENDD.
+ Real Power Output Threshold: OMWETOEZNE I H I TO.95MENHZK
« Compensation: FENEN#HE

. Point of Interconnection (POI)

| High-side of Generutor Substation
¢ (Point of Measurement (FOM))

____________________________

W Generator Step Up [GSU)/
M Substation Transformer

—

Callecrar
Systern
Reprezentation

BHLEREEEHEME @ @ @ @fnvmm

Organization tor Clloss-regional Coordination of . . . .
Transmission Operators, JAPAN Figure 3.2. Wind Power Plant One-line Diagram Example
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IEH AE

Chapter 3: Reactive Power-Voltage Control [EEJT - #5308 /7 HI1iH]

« Inverter-Based o AON-A-D2tEEZFIFAL T BB D HZIE T SEAERERBIRRBOE T Z2HF I3,
Resource Reactive s RABMENENTENEL CORVWESIHEIMNDEME Nz 921468 (3. BEIELHHIEERSO—EB
Capability [4>/{—-4— THIEU. \yFT)-EZDFETHD.

EBIROMINE HHHEEE
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Figure 3.4: Inverter P-Q Capability—Vendor 2 [Source: First Solar
BB TS g Q Capability [ ]
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+ Steady-State NERC Reliability Standard VAR-002-4.1 Generator Operation for Maintaining Network
Reactive Power Voltage Schedules (CEEHL

Control and Droop - BEEEFIHIT—R. FLETSOERICIEIZHIFHIT— RTDEER
[ERIREOESESH]  « AVROBLR(E. 12N\ —I—LAIEZETZS LA TOFIE, HBVNEEOM S TEE T 2ERICEE
fHERIL—T] 9%,
« TOPICIOTURMENZRT D1 - SNIEBE 2 HIF I 2N ENDD. BESHFEFIFEEMBICLOT. JUy
REZIIEN DIETEINBIRNRED,

av
N Tt Visgh ==
i
|
: AV, u T ﬂl"’dh_ "
! Droop,, Droopy, = —- 0 = Viap
! Pu
I
|
I
i
i
i Deadband Mier .
1 l
¥ . . 1 AQ
Al i Leading VARS Lagging VARS T —
AV, — AV,
Droopgoys = WTM + Vn‘b,par Droop g
o
[ -
Organization for Cross-regional Coordination of - - T
Transmission Operatars, JAPAN Figure 3.7: Reactive Power-Voltage Control Characteristic
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+ Large and Small o INERINEL (BENTZD NOEGENMEESFAN)  KERIEL (BENTZ MOEFENMEESEFEST : 51K
Disturbance 2 —E—R) (CBF2MERERF I’_-“E(DIZBIJ
Performance o FEEFECE, EREHENEROEAZHIEH T HEGHCEIF IS 2B EFIH AT ANGE
Characteristics [K/Jv  « /NERAELIFIERTS> MAILOTS SO-S(CLHTHRENISN D/ HEEINE S TIETE SN KESRIELIFIE
DOIMELICHT I B 1ERERT A >N\ =5 —FHIEIC IO TERENISN BT HEEIN B THEEIND.

4]

« Small Disturbance o RIOCRIBHNUE, BICEAII - TEBNETEFAZE TEMELULLEMNSRICEINEB S EIE. (FEALORIFE
Reactive Power- Ea#‘l%(:t O—-D)VEEHIET, BEOBEREF/NEBIELISHU T ARRD TS AL bO-5H5
Voltage Performance SREMEIVY ROEB(ISE . LD, TS5 MAILOTY M- —(FLEERSEVEEERE (EX(EL
[NERINELICHT I HE 5~30$’)) TEMELT. O-hIL 1>\ —A—BEHIEE TS MLANLOBEHIEIOB O E/ERZDIE TS
J£ - ERhEHHIEH) %o COBEEEN'BIF DA > )\ —5— IR T AJRERIGZ S 1>\ =4F—-LALTOBEENEEFIEHDRANICKT I

IRIHIC. INEDOIERF R FLEE) Sk T&bé%\gb‘%é (DR EB2~4FDEEH])
able 3.1: Small Disturbance Reactive Power-Voltage Perfo
Parameter Description Performance Target
For a step change in voltage at the POM of the inverter-based resource...
racion e | Tt e s ndien e oe | csioms
Time between a step change in control signal input (reference voltage
Rise Time or POM voltage) and when the reactive power output changes by 90 < 1-30 sec**
percent of its final value
Percentage of rated reactive power output that the resource can -
Overshoot exceed while reaching the settling band <5 percent
* Reactive power response to change in POM voltage should occur with no intentional time delay.
** Depends on whether local inverter terminal voltage control is enabled, any local requirements, and system strength (response
@ %rﬁiﬁﬁﬁsﬁgﬁﬁfﬁlﬁ? shcnl:f.llcljL be stable fDI’tthE lowest pur:sts'lblte grid stren;ﬁ]. Resi:onse time may b'*; modl’ﬁ:d based ;n studl':dts',rst:rr' cﬁ:lracterp':stics.
Transmission Operators, JAPAN *** Any overshoot in reactive power response should not cause BPS voltages to exceed acceptable voltage limits.
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« Large Disturbance
Reactive Current-
Voltage Performance
[(RERSMELICT I DE
£ - S E R HIE)

o RERIMELLG. EEMNEGENMEEE (0.9~1.1 puDEFERE) NMSHNBIERERDIMEL, T52 M

AILOI> bO-F—(&, B2 D> )N-5—(CHliEEEZZREL (FTLLVIVY ROXEZFLE) « 2N\ -5— (38
B EEREAOHIEESIEZTE] 54 R —1E—RICA D, KERSMELICHULA T OFFIEEHE I BE.

- Stable Response: RiFEDAAD M HU TR EULBIEINE I DL ER
- Voltage Outside Continuous Operating Range: 1>/\—4—DifxFEENEG B FEEFHIM DD

(ZLDIHBE. 0.9~1.1puDEE) &, 5O MANOT> MO—-F—(HE 2 DA >N\ —9—(CHIEEFEES
50

« Local Control and Faster Response Time: O—hJL TODA > /\—45—DOFHISZE R E XA ME(SERR S

BJEEMEN' DD,

- Voltage Measurement:O—h)L1 > /\—=45—FlH(&. mF CRIESNZEBECISEL T RERIMELERC

T3 hERDIGEZEFEN T B,

« Inverter Capability: RICRIBENHNRE,
« Inverter Control Flexibility: /)y RZAODZEILICEDVT, BINIEE DR TELAZE TERLICITINE

h'&3d.

« Current Limiting: i FEENKEKZEILT DL 12N\ -F-DERFIPRISET 2] gEMENHDD 8. TR

D231 >IN —A—{RFELHFAL T, R I (ZASEAR B B HIBRAICEEFDIRNSIER (SRR (CFS
B CEBRLCTIENDD.

Fault Inception and On-Fault Current Injection:FEEFRAER. REUL - AT LANEEZ2IEHUT
DT I 20T IR— KNI BIEHIC, TEBREIFRCATAICTERRIZLDERZMIET L ZBEITINE
H$3. BEIIOHYTINHA I EZOFKXDOEERBICOVTE. BEEOIVT (FEERARICREZRREL) TE.
I FOIRRE(CEDVWTHEREROI( T2 EFECIRES LUHIFEIL . MBSO TEMEREENERD
HAPENEZIRHE T IR BT ITINEN DD,

Negative and Zero Sequence Current Injection: 03— > XAERZA>IN-F-EBRTEMT D
WAE (IR0,

Postfault Current Injection:iHFDIRRECEDVWTHERERDIA T2 1IEHEIHRE S LUHIEL. 7N
(IECTSELT, P71 TEREAEN T )71 TEFREADIRHED R ZIRET S, HELFIOTIT1TE
TUEAZMIFEL(IRIFIC, TORO-DIVEEDR—NIERIZEEEBELT S,

Postfault Voltage Overshoot Mitigation:{>/\—4—DEZNERIGE (. BPSOBEEIRREZELE
BTEIRSRN,



2. RERAE 121
(6) NERC Reliability Guideline BPS-Connected Inverter-Based Resource Performance, September
2018 (IEEE1547-20180MKREIFZFRV. 1>\ —A—EBIRIGER)

IHH RE
Chapter 3: Reactive Power-Voltage Control [EE - E3hIE D H1H)

» Large Disturbance
Reactive Current-

Table 3.2: Large Disturbance Reactive Current-Voltage Performance

Voltage Performance Parameter Description Performance Target
[(RERHELICKTTDE
[£ - XD E R il iE ) For a large disturbance step change in voltage, measured at the inverter terminals, where voltage falls outside

the continuous operating range, the positive sequence component of the inverter reactive current response
should meet the following performance specifications...

Time between the step change in voltage and when the resource
Reaction Time P & e < 16 ms*

reactive power output begins responding to the change®®

Time between a step change in control signal input (reference
Rise Time voltage or POM voltage) and when the reactive power output < 100 ms**
changes by 90 percent of its final value

Percentage of rated reactive current output that the resource can Determined by the

Overshoot
exceed while reaching the settling band TP/PC***

* For very low voltages (i.e., less than around 0.2 pu), the inverter PLL may lose its lock and be unable to track the voltage
waveform. In this case, rather than trip or inject a large unknown amount of active and reactive current, the output current of
the inverter({s) may be limited or reduced to avoid or mitigate any potentially unstable conditions.

** varying grid conditions (i.e., grid strength) should be considered and behavior should be stable for the range of plausible
driving point impadances. Stable behavior and response should be prioritized over speed of response.

*** Any overshoot in reactive power response should not cause BPS voltages to exceed acceptable voltage limits. The magnitude
of the dynamic response may be requested to be reduced by the TP or PC based on stability studies.

BHLEREEEHEME

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN
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+ Reactive Power at No « A2/N\—-A—-DiHF(CRASNBACEE(CTIIACERDAMBEZFHEHTZLCLD, POBMEHEAT
Active Power Output EOBENZIAN GBE) FRITHE (EH) TEBIE
(BEH LN COHARE. 1>\ —4—(IBHELEET BTz8. 1N\ —-F—EBROBMNEINHELERIBEINNE, 20EZD
HES] BN COBHE N TOTZ> NEFLDIBKRLHEIIEEEEEBLT. JUyRNSIRIETZ2MENHD.
« DCERETEMEIINERDAIN-F—(F. BIENEDORVENENZIRETET . ZORHICERINE
ENWNE,
. DCEFEZFTEBESSUHHTFIBIHDEHHDC/INRICRVS, TOBMEIEARIEEESA RAI—%
EKIRTERVSEN DD, EEIREEDRH . BB NG RVBEDENIBKCLD. BEMERD, 1>
N—A—DOENEBEHIEE FEZe]5EMENHDD. COE—RTEMEL TVWBES(C—RRMELLEZERLT,
DC/\AEBENESMEHIFL. BENIUTINROEBELEIEZYR-NTCE2L3(CT 3,
- BITEENSVEET. KO- 550 - IEREFHHEIC. BPSEXZ2LZ ESE2DAZII DB EEEN
0B,
s FROBGREL. BaR0XBROFESEDHICEEEORIBENFEE T AT EEENDIN. A
BE(CKDEE AT DTTREEN BB
o AON=F=X=h—(F. KIZHFREHEE T OMEEZBZNCITZHDIETIANT. BE. EEEHTINL
EHVEERNE )Y —-IAEDHKRIE (D RVERAR TS,
- POBHDHEIVIRETOA >N -A—DIBEEESIHOEBIEERIAS. BLTAN-4F-02R—%> bDFE
mADFE, BIOERABLMRTIANE B I Z2NENDD.
o BAFREERN £ B HONMCODBEOEMNE D OMEIGEEHZBINERON-t 7> (eEX(3. hEs%
DEMREFEDA4IN—TN) ELTIBEIDZMENHDD. CNIREINTORWMSS ., BA T, AT51>
(BEIEARL) JREETIL. POITOINE N ZTOICT Z2NENGD DL ZIHEICRINEND
Do

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN
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Chapter 4: Inverter-Based Resource Protection [ >/\—4—ERDIRE]
« Overview of Inverter- < KIZEEDREZEDH

Based Resource e Inverter (protective functions):

Protective Functions Open phase (single phase loss) detection
(1> N\ -A—-BIROFRE ac and dc overcurrent protection

FiEE ac undervoltage protection

dc undervoltage protection (for BESS)
Under- and overfrequency protection
ROCOF protection (should be disabled)
Loss of synchronization
Unintentional islanding protection (should be disabled)
Passive anti-islanding protection (should be disabled)
Reverse current protection (dc voltage low relative to ac voltage, solar PV only)
dc ground fault or insulation monitoring protection
ac ground fault protection
Negative sequence current protection
Reverse phase sequence protection (46 element)
Internal inverter temperature protection
Other internal health monitoring protection
e Inverter transformer protection:
Current limiting fuse (fast)
Expulsion fuse (slow)
¢ Collector system protection:
Under- and overvoltage protection
Overcurrent protection (50 and 51 elements)
Under- and overfrequency protection
e Substation and GSU protection:
Differential protection (transformer and bus)
Breaker failure protection (high side breaker)
Ground fault protection:
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« Overview of Inverter- e Main line/breaker protection72
Based Resource Under- and overvoltage protection
Protective Functions Overcurrent protection (50 and 51 element)
(12—~ —EIRDIFRE Zone (impedance-based) protection (21 element)
HEHEE

Under- and overfrequency protection

« BAREBEOREOFHILLTICEE&HINTLS,

IEEE Power System Relaying Committee, “Guide for Protection of Wind Plants,” IEEE C25,
draft guide. http://www.pes-psrc.org/c/c25/c25.html.

BHLEREEEHEME

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN
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» Inverter Tripping and
Shutdown [4>/{—%5—
DRI TES YT ]

« Return to Service
following a Trip [KJy
J01EIR]

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN
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WHE (LR,

ACRIDFEE : ACRITREENRELIGS. 1ON-F—RE (REESLIGBET. BERRE) H'E
EIBBEN DD 1>\ =F—FIHE, /XD-ILIMOZIZADT - e fF1EL. XM IOBUR(ICEEZFLE
I3, R ARENYTIVY RCEDVWT N5 -TL—hHR<.

BPSOREZEDHICATFA>TIMYITUIA YN\ -4~ (3, BE. IEEINHEEE THEMCH LR
%o TOEFEIELE(L, 2DDELDEFEHIDITENS,
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FTIC1~2MhB. N A==V ITRIITERF/N\-RUITEMHCLDHZEEHNE Y—EXTR
BHI(CDCNNRZFEEB I DIDDIHZEGH D INBEFA >IN —F—HBPSICEIER TEDL IR BRICHERT
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BERRISHEELE | —3P01(>/N\—4—(F. BRINCTOY S LN RIEEZERAL T, MyJ#&((CH -
ERCRZ%ENHSD. IEEE Std. 1547-2018 E{$4.10.3T(d. 0~600H D&/ \SXEIEIEDTEEE
AJREREFENHNETHD. TIA4IMI300 (593) THD. BPSOBEDEEICLD, ZO5D3DFANY—H
Z{DBPSHEHA >\ —H—(CREZSNTVSENESRSN TS,

BAFEEN/FIHEN TOWRVEIEF TSN EINEIRFT T2 ENDD. BAIG. NyTE(ICHEE
BHEEEIBLERITIDHEN DD INSOBMHCE. T7> MIBARBIEFERD IR Ny Tz 425k
UeCEDGOPICEBEA . HELMEIFF TOHEERS . BEHOAGE. BLUBEROICTRENZFND
L CNBICREZNZV. WINDIZEE. BAL. BEIBEHZERI 51> /(-5-EBROGON, IN50
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» Frequency and
Voltage Ride-Through
Related to PRC-024-2
(BERER - &EEF1 R
V=]
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» Frequency and
Voltage Ride-Through
Related to PRC-024-2
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« Overvoltage o HWRINZETFE. FOBETREZIBELT. 1ON-F-BFEN BBEE. Z1vF>J. F(EHIHDHE
Protection @R MM RZBE(CLOTEIEFRIENZ—IFHNRBEE TORTUT A NYT DR EZZFRVEICTIHNEND
&) Bo

« Voltage Measurement Filtering and Instantaneous Trip Settings: PRC-024-20>1 RAJL—HA
FREBE -BFRUFIEE. FEROUL —EF(CEDVWTEEHEN. BRIFTDT ) UREIL — (@R, BEIR
BTV BENE (W RINZATIVA—12ED) RMSIESZERAT . NIk, @EREEICELD
Dy T DRZEEZHI KRB R1YF I EIME. FEEIVUT . BREICLDBPSTEIEEEN—ALII Tir DI,
BRIFEETEEREINS. 12/ —4F—(F T(IIA—QIREN TUVRVER IR ARELRIE T MyIT93L3(C
SREULRWVCE, 1IN -5 —(RFERBE(E. PRC-024-2031 RAN—D—TJ LB LS A BETRED
DICEARBIRIETE 2 ERATDINENDD . (REWEEELBREF | (CTDIENTEDN BEAEDIILAS)>
DFDRLEBIYA DI LT THUTIRENSD. 1 >N\ —4 (BRI OB EAE TEMELRLEIICT 204
ENDd (BIXIOKERDFHIRICLIIHEZR)  ERERERICEDGCAERE NYITRTE. J1)L5 -8
NIZEERITE. HERDEREZHRT B, MOFERDOTS MRELOIAE T I2NENDD. NMyT]
N READN=A—EFET L —H—ORRICIGEE I~ 4T IR E TH D8, BEIREEE(CEoT
5| EHCCEINBIEBNOMERZRE T DLIITERV ., UIthH T BTV OEEREE (LEE, -7
LRS (LATTEiBR) OfERNSREIND.
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+ Overvoltage + Protection Coordination Improvements: BPSO(FEALEDFEBEMEZSIC(E. RD2DDEETEIEH B
Protection [@EELR Bo
&) 1LERAV)ALAR (BIL) EA& : RENBAK[EM T TORENRE>/ULA (1.2x50usiExR

£) DRBMETRINIIEFM . COFEARE BESUEHROMIED®, 75 EHDRSE R EHNE
BEBERICLOTEIESRISNBIBERUIC, HEBENTHREENTEZRAERE. BILERTES. E
BEED2.5~1518 (EAMMFBETERLDEDNCEL) .
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+ Measurement and « Data Time Synchronization
Monitoring Data [EIE AN -A—EBFEROINTOT—AH(& HBEOELERRE (BREHFREF (UTC) RE) (CEERIEAT 2w
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+ Data Retention
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Data Type

Recommended Measurement Data and Re

Measurement/Data Points

Resolution

Retention

Sequence of Events
Recording (SER) Data

SER devices should be sized to capture and store hundreds
or thousands of event records and logs. SER event records
can be triggered for many different reasons but include
the following at a high level:
* Event date/time stamp (synchronized to common
reference (e.g., Coordinated Universal Time (UTC))
* Event type (status changes, synchronization
status, configuration change, etc.)
*  Description of action

* Sequence number (for potential overwriting)

<one
millisecond

90 days

e 6.1: Recommended Measurement Data and Retention
Data Type Measurement/Data Points Resolution | Retention
This data includes the settings, set points, and other static
information that should be captured about the plant. This
information should be captured at a resolution sufficient
to identify any changes (i.e., when settings are changed).
Data points include the following:
*  Active power/frequency control mode of
Plant Control Settings : Static, as
) operation One year
and Static Values . changed
* Reactive power (current)/voltage mode of
operation
* Individual inverter mode of operation (e.g.,
reactive, voltage, or power factor)
* Digital control system gains, time constants,
limiters, etc.
The plant SCADA system is often a lower resolution
repository of information that should include, at a
minimum, the following data points:
*  All breaker statuses
*  Shunt (dynamic or static) reactive compensation
statuses
* Shunt (dynamic or static) reactive power output
*  Substation transformer status
* Substation transformer tap position
* Time synchronization (e.g., GPS status word)
. One to two
Plant SCADA Data * Medium voltage collecter system statuses seconds One year

* Individual inverter statuses
* External control signals from the BA, RTO, RC, etc.
* External automatic generation control signals

*  Active and reactive power commands sent to
individual inverters

*  Active and reactive power output of individual
inverters

* QOverall plant active and reactive power output

* Point of Measurement voltage and medium
voltage collector system voltages

Digital Fault
Recording (DFR) Data

This data should be captured for at least the plant-level
(e.g., at the Point of Measurement) response to BPS
events. It is typically high resolution (kHz) point-on-wave
data and triggered based on configured settings. Data
points should include the following:
* Bus voltage phase quantities
*  Bus frequency (as measured/calculated by the
recording device)
*  Current phase quantities
® Calculated active and reactive power output
* Dynamic reactive element voltage, frequency,
current, and power output

=960
samples
per
second,
triggered

90 days

Dynamic Disturbance
Recorder (DDR) Data

A DDR (e.g., a PMU or digital relay with this capability)
should capture the plant-level response during normal and
disturbance events. This data should be captured
continuously at the Point of Measurement and can be
used for multiple purposes including event analysis and
disturbance-based model verification. Data points should
include the following:

*  Bus voltage phasor (phase guantities and positive
sequence)

*  Bus frequency

® Current phasor (phase quantities and positive
sequence)

® Calculated active and reactive power output

=30
samples
per
second,
continuous

One year
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e 6.1: Recommended Measurement Data and Rete

Data Type Measurement/Data Points Resolution | Retention

The individual inverters are highly complex pieces of
equipment with a vast amount of information continually
being calculated and stored within them. The data from
inverters is very high resolution. At a high level, for grid
BPS faults, the following information should be available
from the inverters for analysis by the GO:

*  All major and minor fault codes

All fault and alarm status words

Inverter Fault Codes * Change of operating mode

and Dynamic o High and low voltage fault ride through Many kHz 90 days

Recordings o High and low frequency ride through
o Momentary cessation (if applicable)
o PLL loss of synchronism

* dc current and voltage

® ac phase currents and voltage

®  Pulse width modulation index

* Control system command values, reference
values, and feedback signals

BHLEREEEHEME
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+ Measurement and « Latching of Inverter Events
Monitoring Data CAITE BPSAAY ~h, &A1 VN-H—-DIFFICRSNBNELOAREZTEE, SATLIE-FR GXEBRR. T7>h
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T —AUNEEHLRE (IS U T, BPSAARY MYFvr I FranN3iGa NS ELHD. PVISY MOEDA > )(—
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CORIRECTHNT BIC(E, A >IN—F—(CBPSAARY RDAALT (LVRT. HVRT, FRTRE) CETHEFEDT—4
AR TERIDNEND D, CNBDIT L. T M —FeZANITUTEIESNDZT —ID—EFTHINEN DD,
BPSAARY KR, NBOT -5 (34> IN—H—RTI\A(Z5yFEN., BPSHATMBE(CR T3> N —YERE
BHRY M v TF v TERLICETH, T —INERARIO D BEE3~5EF)\ A DE X THINEN
Hd. IV BROIVF I OS2 ERUT,. T70 M —I0BRE FIBHRERFE TERLCRD, 1-H—(3
EDAIN=A—NBPSANY MARERUTEHVEFE TS D,
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Chapter 7: Other Topics for Consideration [ZDMBDOZEEIANEEIA]

 Grid Forming Inverter « BATJREIRINF—T7IUT -S> TEHEINZMON\-4F—(3. (FEALDZE. 1 VN-F—DIGBTOR(/YF
Concept [JUyRIA-Z JENUTCDCER BRI T YL TRIFINS) NACEE(CEBINZETLFEA/N-5-T
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+ Grid Forming Inverter « $$3RDOBPS(Z. LDHQ DTV RIA—Z2D1 2 IN—H—EZLDT VY RBREA >IN —H—THERR SN BRI BEEN
Concept [FUyRIA—-= Do FFRKDAON-H—EBFREADZNIATLADIDOEBERIREL, TUYRIA-ZT4 2 IN-IRBEC
AN =5 -] EDSSICEIEAT BN TrD. TVYRIA—ZTAIN=4—(F, TUyRHMSOHR— MU THB(CEEEITZEN

TE3. JUYRBHREA N =F—(& TUYRTA =T AN =H (LI TSN B BT REEDH 2T Uy K8
93 (EIHAMIRSREIERICEBITLG) - CNSOIERIRVIEISRESMA T Tl 1>\ =48k
Dy REDZ EUEMWEZ R T B IeHIHF RIS ERNR (LR 2IBEN DD IBIMDT VY RIA—-Z2T 1>
IN=A—%BPSIGBNTREETEDRN, 1N -F-—TOHNEEDKRETELAAEN . BHREHADHIIE
921> N—-A—[EEETL—H—DJ )y RMIEBIU THB L 2RI DNEN DD, TIYRIA—Z2T (42—
A—(F. PLLEERU T, Uy RYR— R E—RTH Uy REIEIFRHBINL. BHAL. BHAT2ET Uy RIA—-Z2)
E-RICRBIENTED. BRAFTEZRE T (. CODEF TIREROEENMNETHS.

o JUYRIA-ZDTAN=A—Filil&. 1> IN-I—BRENDTFVIRH— MEREZ BT REICT D, T4 ) \wFa]
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Appendix A: Recommended Performance Specifications

HE

0. General Requirements + Accurate models should be used in the interconnection study process, per NERC Reliability
Standard FAC-002-2, and model verification should be performed, per NERC Reliability
Standards MOD-026-1 and MOD-027-1. Accurate steady-state, dynamic, and short circuit
models should be provided to the Planning Coordinator, per NERC Reliability Standard MOD-
032-1, based on the data reporting requirements.

1. Momentary Cessation « Momentary cessation should not be used within the voltage and frequency ride through curves
specified in PRC-024-2.

2. Fault Ride-Through - PRC-024-2 voltage and frequency ride-through curves
and Protection + Over voltage ride through#h
« Inverter-based resources connected to the BPS should not use rate-of-change-of-frequency
(ROCOF) protection, unless an equipment limitation exists that requires the inverter to trip on
high ROCOF. However, in most instances, ROCOF protection should not be used for BPS-
connected resources.

3. Active Power- « Inverter-based resources should have active power/frequency controls that adhere to FERC

Frequency Control Order No. 842 and regional requirements, where applicable, and should have similar
performance characteristics to those documented in the NERC Reliability Guideline on
Frequency Control.23 Regional requirements or standards should also be adhered to when
determining appropriate settings for active power-frequency controls. For example, the
regional standard on primary frequency response in the ERCOT footprint, BAL-001-TRE-1,24
sets forth requirements for each applicable generating resource, including droop and deadband
settings. These controls should be active any time the resource is connected to the BPS. This
section describes these performance characteristics as related to inverter-based resources.

4. Reactive Power- « NERC Reliability Standard VAR-001-4.2
Voltage Control « FERC Order No. 827: Reactive Power Requirements for Non-Synchronous Generation
« impact studies performed during the interconnection process, as described in NERC Reliability
Standard FAC-002-2.
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Chapter 1: Interconnection Requirements Improvements [#EEi&HEFDNE]

BPS(L?&%}L@%’{/“ 9 %/ﬁ@?&%}hg'ﬁ:

Momentary Cessation

Phase Jump Immunity

Capability Curve

Active Power-Frequency Controls

Fast Frequency Response (FFR)

Reactive Power-Voltage Control

Reactive Current-Voltage Control

Reactive Power at No Active Power Output
Inverter Current Injection during Fault Conditions
Return to Service Following Tripping

Balancing

Monitoring

Operation in Low Short-Circuit Strength Systems
Fault Ride-Through Capability

Grid Forming

System Restoration and Blackstart Capability
Protection Settings

Power Quality

BPS(:.}%%}L?%’{//\ 9 EE./FOD:ETU/,JEFF

« Timing and Quality of Modeling Data Submittals during Interconnection Process
Steady-State Modeling

Positive Sequence Dynamics Modeling

Short-Circuit Modeling

Electromagnetic Transient Modeling

Benchmarking Positive Sequence and EMT Models

BHLEREEEHEME
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Chapter 2: Detailed Description of Requirements Improvements [B4tiZnD55H]

+ Momentary Cessation

0CCT0

[—KHZLE)
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Chapter 2: Detailed Description of Requirements Improvements [B4tiZnD55H]
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Figure 2.1: PLL Angle Difference Illustration
[Source: TMEIC]



2. KERE

Improvements to Interconnection Requirements for BPS- ]_ 54

(6) NERC Reliability Guideline  connected Inverter-Based Resources, September 2019  (BPSIC

A >N\ -5 -BIRIGE)

IRH

Chapter 2: Detailed Description of Requirements Improvements [B4tiZnD55H]

* Phase Jump
Immunity [fAESv>
4 ]

BHLEREEEHEME

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN

0CCT0

« (HEAORHBELE, FFCBPSOEEANRY MOAEREHZEFOIRCBPSTICREANS, 2019F18(C, [BE

BOIA>OBEREBRICKIZFEET S MINYT TR MREUZ. FAONNYIU. SAUICBEE Dz
#a9%E. PLLII—XEBPST Yy RI1— X DORIDAARADUE W MEN BEEF D My TIFREIEEE TLEWMBZEBR Iz,
REAFRETSS MINYTUR, F1UCENMEEENSE. BHORNSFFBIRFC1,000MWIEZ EUIZ. A
IA>DEBIRESZ1L—23> Tl HEMFEOPOITOAREZE/LE FILLWEBIRREIGELZRIFIL7ETHD.
EBEHIERICRA28EELI BN ReN (K2.2281]) .

1IN —BRENMEF I DEEIRTOTIYRE, FTYy REDREEAZ TS 212(CBPSAAEAZIEHTS D PLLICAKTF
LTW3, TOIF, HBEEHTI BGOLDXFEEMEILL T FEE AN MTFEHRIIEA R bOVITNMNCLBAAEDBE
BRZETAN-5- NNy T I 3uTEEMN G S FER IR I 2 EN DD, TOF. ZRTAFEZRITUT, 18
Bi##UY—AOPOITHA I ZHREMEDHIRBOZEDAABS v TZFELLD. REBOZSONSZOEN
AR Y > THIBRAFELLD. AEMNROEE TEIEBREBROLHICA VN -F-EIRZ Ny TSETRBSBVER
RIEDTBIHEN DD,

IEEE P2800(F. 4>/\=9—A—H—HBPSOREFINTORBDHEDAAIETv> T SVRE SN EREHIRE
KO &3(C, 12N - DFEES SN FEBEIAR S v> THIROMI Z1R51 I 5.

Phase Angle Difference [deg

a 1 2 3 4 5 6 7 8

Time [sec]

Figure 2.2: Simulation of January 2019 Switching Operation—Bus Phase Angle Jump
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Figure 2.3: Inverter-Based Resource Plant Capability Curve Example
[Source: First Solar]
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LEFEIR S BCL(E. BIHBFHFENTURL. CNSDUY—R(E, 5% RIL—THARICHE > TEME N HZRS T (LD,
ANREEINDIBELEER T IZAN -3 AN NISE S DENDD.
NERC Reliability Guideline : BPS-Connected Inverter-Based Resource Performance (&, #EsN 23811
JCEHFEOIEZRU TS, POM (FRIFBEICLOTIFPOI) TAIEENE, 1 VN-F-BREEAROBINES &
REHIHS 2T A —TEMIEEF, T2, 1 TIBEINNIA—N> A% HBIZI N L EIZEENZHA TLVIRENDD.
TOW. FHAMHIAREL (DFED. SATLAR) (CEDVT. NSO ERF(IEESZIRT I 25N DD, EERSN
B AN =F-BREOVY—-MRES AT LALFHREU TIRSRU,

Table 2.1: Dynamic Active Power-Frequency Performance

Parameter Description Performance Target

For a step change in frequency at the POM of the inverter-based resource

Time between the step change in frequency and the time when the

< 500 ms
resource active power output begins responding to the change®®

Reaction Time

A Time in which the resource has reached 90% of the new steady-state
Rise Time . <4 sec
(target) active power output command

Time in which the resource has entered into, and remains within, the

Settling Time - . < 10 seconds
settling band of the new steady-state active power output command
Overshoot Per.centage .Of rated actzive power output that the resource can exceed < 5ok
while reaching the settling band
BHIEIRA B HE RS Settling Band Percentage of rated active power output that the resource should settle <9 504+
Organization for Cross-ragional Coordination of g to within the Sett”ng time :

Transmission Operators, JAPAN

0CCT0




A\ X EAS
2. *"HE ey et . . Improvements to Interconnection Requirements for BPS- ]_ 57
(6) NERC Reliability Guideline  connected Inverter-Based Resources, September 2019  (BPSIC
EHienrea > N\N-4-EIRICER)

RE

Chapter 2: Detailed Description of Requirements Improvements [B4tiZnD55H]

+ Fast Frequency « ADN=F-EBERMENMUKEIBCONT, REOERKI(FEFOIELICLIDSISEISNBEIREZ LR
Response [EiRERKREL (ROCOF) (& 1>N\—=4—BIRN> AT LARIREISEZYR— MU TORIINENELOAREZZERCEETHD. IS
) HOBSVWIRTLEHEOIORL (OFD, SEEORBWAY/N\-F—EIROEIN) (&, JTUy REREZELESLURE

I3, INESRBISGEEDVY - 2DNEHZRDHEND . COBLEERTFELZYR— N BTy RISENN
DOIRINF-ZRMHI DY - ADEFRGE(E, —MRICFFREIF(EN D, COMREZIRMHTERIRILF—IRICE, IRDELS
BEFTTRIEREN DD NASICPRESNRL,

o [ERALDEERIEE
oA IN—5—EBIR (BN, KEHFEEB. \vT)-IRIF-ETERE) NSOERILERREUSEHERE
BT EEN NyT

AN FEBHOO—F— IS SNIERH R IR+ —
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EHIRNBIRC(E. B4ZIAMEICT20EN DD, NERC IRPTF(E. FFRZES(CHHL. COFEREICEIT 2ENMDH
15V R% RT3,

BHLEREEEHEME

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN

0CCT0



A\ X EAS
2. *"HE ey et . . Improvements to Interconnection Requirements for BPS- ]_ 58
(6) NERC Reliability Guideline  connected Inverter-Based Resources, September 2019  (BPSIC
EHienrea > N\N-4-EIRICER)

RE

+ Reactive Power- « FERC Order No. 827 : hX&iFEMN (##H0.95~EN0.95) TOEMMIEHZIRMT S,
Voltage Control and « NERC Reliability Standard VAR-002-4.1 : ZfCIEHUILFE B R(E B ENEBEHIHETE— R TEERS
Reactive Current- 3. TNINITOPHSIEREN D, 1N\ —F—BIRIEEI - TOBEENEEHIHE— RTPOMOEE % H
Voltage Control [& I DLEER T Do

£ - #ENES - ENER BEEBNEGOEESREFE AN TET TS SUALOFEITE, S54RI —F—RTREA N -F—FIECIoTI>
H4E) ] N=45—BIREEFIBLIMET .
« EHOEELEEEA CORBRHIENE NS, 1 R —T— R FEDERBEIOEE LR D, 1>/ —
H—-BIROBAIN—-TIEER, R2.28LUR2. 3TIEEENEEN F 3 LEIBEENZBR DHENDD. T
RRIL—(CEALTIE. FAC-002-2, FAC-001-3 ADOMISEMEERD.

Table 2.2: Small Disturbance Reactive Power-Voltage Performance

Parameter Description Performance Target

For a step change in voltage at the POM of the inverter-based resource...

Time between the step change in voltage and when the resource reactive

Reaction Time . ] - < 500 ms*
power output begins responding to the change
Time between a step change in control signal input (reference voltage or

Rise Time POM voltage) and when the reactive power output changes by 90% of its <1-30 sec**
final valug****
Percentage of rated reactive power output that the resource can exceed

Overshoaot B P P < ShpFEH

while reaching the settling band

* Reactive power response to change in POM voltage should occur with no intentional time delay.

** Depends on whether local inverter terminal voltage control is enabled, any local requirements, and system strength (response

should be stable for the lowest possible grid strength). Response time may be modified based on studied system characteristics.

*** Any overshoot in reactive power response should not cause BPS voltages to exceed acceptable voltage limits.

**** See Appendix F of NERC Reliability Guideline: BPS-Connected Inverter-Based Resource Performance.® Final value is the final
B ISAE PP e "

Organization for Cross-ragional Coordination of settled (steady-state) value of reactive power following the change in voltage set point value.
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» Reactive Power-
Voltage Control and
Reactive Current-
Voltage Control (&
£ - FENE S - BRNER
1480 Table 2.3: Large Disturbance Reactive Current-Voltage Performance

Parameter Description Performance Target

For a large disturbance step change in voltage, measured at the inverter terminals, where voltage falls outside
the continuous operating range, the positive sequence component of the inverter reactive current response
should meet the following performance specifications...

Time between the step change in voltage and when the resource

< 16 ms*
reactive current output begins responding to the change®?

Reaction Time

Time between a step change in control signal input (reference voltage
Rise Time or POM voltage) and when the reactive current output changes by < 100 ms**
90% of its final value

Percentage of rated reactive current output that the resource can | Determined by the

Overshoot
exceed while reaching the settling band TP/PC***

* For very low voltages (e.g., less than around 0.2 pu), the inverter PLL may lose its lock and be unable to track the voltage waveform.
In this case, rather than trip or inject a large unknown amount of active and reactive current, the output current of the inverter(s)
may be limited or reduced to avoid or mitigate any potentially unstable conditions.

** varying grid conditions (i.e., grid strength) should be considered, and behavior should be stable for the range of plausible driving
point impeadances. Stable behavior and response should be prioritized over speed of response.

*** Any overshoot in reactive power response should not cause BPS voltages to excead acceptable voltage limits. The magnitude of
the dynamic response may be requested to be reduced by the TP or PC based on stability studies.
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FAC-001-3) (CEZBHELTLRWVEIEEMEN DD,

e JSWIRH— MOBRIRREDB]. 1y MNIEE . BANSOBRRIIRIERRUICRBEETER, SH(C, T MR
E (BERMEER) &b, EZEMOEEIL-H—MEBIL. 1>N\-45-BREOBHBIBGEIHITBNET, &
(CH. TOPEBAIZ. BEIEIERE. SATAETHROA > N —4H—EBREOHIFEIN B/ TA— Y AR ZT— b
A MeARET I DM EBNH D, . NERC EOP-005-20—EB¢L T E,

oFEIR(T, BE., TIVIRY — MEREREZ TLBEIFR, L. COMEENHZIREE. @, HEEHR/OtEX
D—EPELTZDIBEIFHREZTOPHLUTOICIRIET 2NEN DS, O, REASLVIEREEAOEm A DEIRICZTIE
3o
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A\ X EAS
2. *"HE ey et . . Improvements to Interconnection Requirements for BPS- 165
(6) NERC Reliability Guideline  connected Inverter-Based Resources, September 2019  (BPSIC
EHienrea > N\N-4-EIRICER)

RE

« Return to Service o MYTBOON-FEREORFEAODBIEGCBAL T, BIERS —I> A2 M9 2F COSHISE 2 BIRRE LTS
following Tripping [k OMRERMZSNEZT. BEIBEGZTE I N HIRIT 3,
Dy 12 0D1ETT) . (EEBROEIRREE. JUYRARL—F-DEDIERNRVED. BENBHERIINETIEL,

- Balancing [/\5>2> - BRAZHEROSHRE(C(CIETBH(C. BAL, FFHABICKIRICKERENREZERK I BIzHIC. BIES
7))\ > IU—MHIBRZER I B 2R I BImEN DD,

+ Monitoring [E5%5) o B-EEZ0INYNDTORLDHOER. T—IDEER. T LN, T3> MINRERIGEFEENMECRALT

TS Z IR T BT, T—AIHEEDY - ANS AFTEBIREN DD CNICIE. T5> MR E LFRRIE.
75> NEERRHIAEHE T —FES T —4 . —EDAAY MNEiRT —4. BIANELL 147 -4, BLUPA N -FEEZEI-RE
A2 N\=ALR)\ OB EEFRNEZEN D,

e Wind Power Plants: turbine output (MW), available power (MW), wind speed, wind direction,
number of turbines generating, number of turbines available, total number of turbines, air
pressure, air density, high-wind cutoff threshold, slew rate (MW/second)

e Solar PV Plants: panel output (MW), solar concentration (irradiance), number of panels
generating, number of panels available, total number of panels

e Both: ambient temperature,

12N\ =FERENCAHSZHOIEFSRER T ADK IS

+ Operation in Low
Short-Circuit
Strength Networks
({ERFSRE DRHFTO

EhiF)
« Power Quality [EE/& < Voltage Fluctuation [EEE%&h] : IEEE 1543
=)

Harmonics (&3] : IEEE 519-2014
Protection Settings [{R:&5%E] : PRC-204, ROCOF
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\Y X EAS
2. *"E‘IE C ey . . Improvements to Interconnection Requirements for BPS- 166
(6) NERC Reliability Guideline  connected Inverter-Based Resources, September 2019  (BPSIC
EHienrea > N\N-4-EIRICER)

RE

« Return to Service o (FEAEDADIN-A—(TF. 1 2IN-F—DACHFE)WRIDY NEEEROBICERMN(CERREINZACEIE I L —h—h
following Tripping [k B0, AON-H—HEEBIATAIEFU 1IN =F—2J )y RHSEBESHIHEIR TED, —EPDA >IN -5 —{REHLAE
Uy T 0ETT] (&, NI 2B I ZEZEDMHECGU T, COACEIEEIL —h—%2 N NyT 3356005, (RExE ACREENL

FMEZIBZS. DCEERNUSMEZIBZD)  1VIN-H—BBR(E. 1>/N\-4F—%2J )y RCEHISE. NwTEICE
TUEAZBRIIRDC. Big - A2 BEMN(CRIRITIREaLLRVEEN DD, COBIER > —T > A GA
IB3FTIC, TOU S LSNIAFHEBRERINFEIE T DB EN D D. CNITILEE. 12N\ —5—FIH0OIE EREOBESTEN
ZFN3. CNSOETIRICIE. T7>2 MGSUICIERHSNIEACEIRE T L —h—% Ny T T3 LI TERE R Z NI T3
AIREMED®H DT> NN DR ESRTEH S ENTVBAIREMEN DD ATT1> T NI I 2BPSHEfiER(d. TOTIE
ESNEBIEREACE DV THEIERIDZNEN DD, TOE, 1ON—4I—EBROIBIESSIMFROE S EEREL.
EFETER/NTA—Y O REREBER/INT D A& T T 2I0ICEEBIEHRNFR TEINEIN 2 I T INENH D,
o AIN=H— (FRIFAIIN-H—BBEDME) ONYTEOH—EINDEIRE. BPSHUyROTZERIESL (BRrEVEZ
(FARFREMBLE) BOY—EINDEREEERDBENDIUSTEFRI B L. YATLADETSH., JUyRARL —
H—(3T 5925 — NFIEZERU T, IBFAIBNIEZIRNRBSETI U REBIBERTD, [SATLAT5Y) HREEC
FWT 1 ON=A—EBR(E. INBOTS59IRY— MFEIEICTFHULRVESC, TUOY RO B BIEHiZ2 R HINETER
W (JUYRARL—F—HBDIETRHRVED) o JUyRERA >N —F— (3B DACEE R AR TSRV,
PLLA Uy RIAB %8B I 218 DACETE N RS E . TUYRCBRIEATERVCESEREITSE. UIehH T, AC
HOyRhFERICERONDE, A ON—F—DBRIEATEHRD, T5vIRY— MIETTH(Z B I BI85 (&, TOPH>
N—A—BRIFEE I 2IXEIATAICEBNZEIGI BEE(C. BANSOBRRMBIFRIRUICA N - —2BiEH I D

ZETHD,
+ Balancing [/\5>>> « BHBIR OFD, AON-H-R-ZDEIR) OERMENUETBCONT, BAF, KREOFEEFZENSDOZRC
7)) ZLIBREHNDILANIVCER I 0IEEHENDD. INSORBRZEALZERIAT 2I2H(C. BAR. FHBREIICKIRICK

SRBHREZERIBDC, BRENT>IL - MR EERIBILZIRET I dHENDD. CDF>TL— IR

(&, INBOVY - ZADZENEDNT A% EDIZDITERENZEISTFRI DL, L. INBOT>TL— MRS,

182 D1 > N-INKERNELOFERHIHE S ERFDREBNELORPEFEROBIEHEEDS> T —h

FIPREERAFSNBNET(E RV, THZDIRREIZEGOEBADRINERICLITIE AGCT AR/ FHESEZET DI

(C—EBDA> N5 —BRENMLEICRIIZENDD. ZLDHE. CNSFEDTHIHICSINT B DRIHREFTH D,
« CAISOCEARREREFBVN, BOEIEL10%DT>TL— MIBRZTIZSIOEMGFEL TS,
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\Y X EAS
2. *"HE ey et . . Improvements to Interconnection Requirements for BPS- 167
(6) NERC Reliability Guideline  connected Inverter-Based Resources, September 2019  (BPSIC

A >N\ -5 -BIRIGE)

RE

+ Monitoring [E5fR) o B-EEZ0OANYNDTORLDOER. T—IDEER. T LN, T5> MNIORERGEFEEMECRALT
TS Z IR T BT, T—AIHEEDY - ANS AFTEZNEN DD CNICIE. T5> NS TE LARRIE.
T NEERBIEE T —HEST —4 . —EOAN> NL#RT —4. BIIANELL -7 4. BLEA DN -FEET- R
A2 N=ALR)\ OB EFRNEZEN D,
o EOFEM: REHH (MW), FIFTIEEEN (MW), BUR, EmE, FELUTVBREDEL, RECJRERRAED
2, REOHRE, KT, ZREE, sRuERDY 7D NEE, 2IL—L—b (MW/second)
o KEZHAFEBPT: /(RIS (MW), KEZEEE (BETRE) , RELTVS/(RILEL, REDIRER/ (RILDOE,

IRV DFRE
o M7 SARURE, BRIZRDIARS, BIERTENE, AGCHIEHOASATIRRE, BH (EFR/TE) , 3>7L-b (L
5/ %)
» Operation in Low o A2N-A—BRIENNCHEIRROITHERER T LR TOER
Short-Circuit 1. TOWF. BNRSCRA-ZDBIEE (F(FhOoRZDRIEME) ZEALT. BIEEENEEARVESZIFE TS
Strength Networks WENDD. TOIC(E. HEEESFSOTARIARITIEERE S AT LAZIEEN DZIRIHEIT 2Dy — )L EHBEN WA
=% = \“'—"-T = BTHD.
USERERORICO Tors. BET s mss P UOB RIS SdOMIN IO NLE, SCRA-ZOANWIERD

V=2 5REUTOIMEREND D, ERNRISEE XOTTOADELLE (N-2hBN-4LL ERE) 2E5D1EE
DASHDEREREEE I 2L EEIDHSN S,

b. TO[E. {KULSCR (F(EBIET BSCRR—-ZADANYY) RFHd UBRRZORE TERON, 1>/ —45—HI1HES
EORIBENFRAE T ZOIREEDHDBTEN RS AT AIREEZ KU TV\B EJ RN BB EZIBER I BN DD, BRA
SCREFR/NSCROLEENAZFV (GBIRUEXNIYIZER) CEld, BIENRHIEF1——>F ORIEE. BstRT 1>
HIEE(IZOMDIE5VVI Y REEL IATS 3> OB % RU TVBEIEEEN S D .

2. TO(. IBESNEBFITOA >N\ -4 —EBIREOIE B 1EHCEET 2RI RIREDE MR SRBALEB(C. COEHR%ZE
Bi55:9 3GOICIRME I Z2NEND S,
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\Y X EAS
2. *"E‘IE s . . Improvements to Interconnection Requirements for BPS- 168
(6) NERC Reliability Guideline  connected Inverter-Based Resources, September 2019  (BPSIC
EHenle/ >N\ -45—-EIR(GER)

RE

» Operation in Low

Short-Circuit 3. TONMEE#EGMEEZI 550\ [ ERBRTIHE. TO. HEEGRGONCODIEHRZ 1> /\—4F—-BEHEE(CIRMHL. GON
Strength Networks *H E;&%}Eﬂ’( >l (‘—’9—/\‘—7\0)'})—7\73“6&%(:'6 %52&%2/1-_@“3(%%25‘%&358&&%*@“5%\%73‘@5 ° %ﬁﬁéﬂ?ﬂi
(EAEERREE DR T O @\J@%f@g\(lﬁif\ Elﬁﬁ@ﬁ%ﬁffﬁgﬁg%#—l‘:'@ﬁﬁbfﬁb1’ﬁ35o TOl. *oaﬁiﬁfﬁuy—xw}% @(ZL&Z\EE EMTE
&) TV T ZH HEICEBURO-DFAXSNEIATLAFREEZEDA -5 A% IRME T Z2NEND D, HDU\E.

TOW. HEZEFTOTAD—EBEL TINBDRBZEITI DL ZIBRIRT 255N DD,
a. GOCLO TREENZXE(C(F., FILIREBZEL FEEINZT VY MREEOAB IO A TERAENZTOC Lo THEZ
Nk, REUVEIEVWVRFZ RS EMTIRENZFN TV ENHD.
b AFESNEAREIRREX(I/\TA -V AB M Zimc IR, TOLH DU TR E ST I 2GOICL O THALT 2
ENHD. NICFE LUFHEFNSN CNBIBRESNRN,
i, ARISHERERAT T TEREOS VN2 RIL I /e B Z it
il JEHRREZCE S DI DDMERET(E Ry b — I DILSRIEREDEBIN (FHAO> T > Y - h52 A2y 3> DfEsaR
&)
.9 3%A. RESNCRARBEEOHR
4 HEEGCET RGN MO ATLAER (QADIYN-IR=ZADVY—-RRE) DFEFLIFS AT AR CBSHE
F35A. TOF, GONRMTHET IV ZERL CIDFIREMTREZER T S EHERTES.
5. BEICERUARERRMFEINGS, TOR. RESNIARRRICEIVT, BIENIRST(TS - AR ENE
TIVEMTET I ZIRHE T 2L BRI DMNEN DD,
6. TOE, [EFERIEDS — T AREMETINZRIET DI, RAMR (FREND) JmELABKRZERLT. IED
3= AR EMETNEEMTET NS U TR FY—IF B ZBKRI DR ENHD. ETIVEOA—ECE TF
B9 HI B CE DK EE S bR E,
7 EE R OERPERIERER T (. SREEUMEITIERE R TE CERVENFTREN D RROBER(CAZEN
FAEURBE., GORAN-9—DRIETELUTOLRAZEL T, BHIATS 1> 2 BB I ZNENHD.

SAT LEEEDHTI BATE. kY — A2 HEEHI DIHICEITEN, BE. SCRR—ADANYIDRENZEN
%o SCRA—ZDDHITIE, FHESENMPRUVNFESCRIEMECR BT, 1>\ —H—BIRZA>TA2ELTETIUELIRL,
BBEDE, A2N—H—BREZATA VLU TFERINBELIERA T TRITIN. INSOIREDIEFEMVATEZRTE
33, FHETOJSAGBE. BRIV —H—OFERLIL —REDBN TRARET 1-T/(CHEENSD. SXTLD
ZLECINZ T, FEFEBOIMERMAZRST LRI HMEN DD, RIC. EHERIY - RAOFESFE(CEINT,
EHNRSCRA=ZD X MIWIHEREN S, LIZhD T SCRR=ZDX NI TIE, FFHEET VI (EHER,

’ FB /J A MRAY IE 25 TH =58 %)
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\Y X EAS
2. *"E‘IE C ey . . Improvements to Interconnection Requirements for BPS- 169
(6) NERC Reliability Guideline  connected Inverter-Based Resources, September 2019  (BPSIC
EHienrea > N\N-4-EIRICER)

RE

« Power Quality (1M BPSIEHOAN-F—BIERE, ZZHI2JVyRI- R FTOOHEEREM . SLUBPSIEROFEEYY - (EZHID
=) BANMBEECENL CENREREZOHHEZHIRT 2HENDD. 200 —AMRENRBOBREL T, BEZE
8 OWh—/2HREEZEL) LRABENDIBNS. 12N\-5-BRICEEIIENMEOMECEEIIERD
FJUEBREDAINRY MOFEHRICOVTIE, [HERBZSER,

+ Voltage Fluctuation [EEEZ &) : IEEE 1543

BPS#HD1 >\ —4A—&EIR(E. HV / EHVSXFTLDU7IA> SRS (X / R) LEHEL. BPSOEE % B a9 HlfE
FBRIDIHETENTA >N —F—BIFHEERE(C KD, BB IEGROD R EBRLVOEEZLE (JUvh—) ORBEZHNDRN
AJEEMEN DD, 212U, BPSICIEREINIA >IN =9 —EBIR(E. ZEENI Uy REFIECAR B/ER I 3N E B0
BHRCRELENOIREEDH I BEZENIC DN D RIREENGIHE . BERIATAER (OFD. FERZIHIA
A8) TIUyH—DIRRCRBEIEEMEN DD,

55DE(CDWVT, IEEE 15430iRETE. BEHEIR (OFD. /2N-5-FIR) ZBAREICH/-LTVRL, BPSICH:
BNV =BT ZDEIBHA RS D FIBRIBEICRZE T, I-TAUT( T2 F IS 270> Eo¥IkizT
LT, FEEENZIRTOEILIRRE(CT T DI XT ADBREZIFE I DNENDD. 8/ AT LBENMEEOBIER LD
KIBIARWMES (EX(E 15%FKiE) « 12N\ —A-BENIIvH—DREZS| S I mIaEENHINEIN TS
BIHIGGHARARZEMIDNENDD (RIEERERBLEFENETEITTES)  IWH—BRATS I,
AN\ —45—EBIEDHIR. FAEEESNAZIESTE. £(ERAVWS AT LARECIDBUZEIEENA > /-5 —EBIREDHI1H
NEEN3ZENHD.

« Harmonics (&%) : IEEE 519-2014

BPSADEFESEA L 1 ON—-I—EROBEEG I OTAR0ES1D0ENEEBOF=FEIECI, IEEE 519-
2014(F. EFREELTESHINTHD. HEESHRTOUI7L D AEVUTERTES. GO, [BEzA>/N\-4F-D&hE
TOITRETERLSC, I 0ERNEERE (X (E 2> N> T Y-\ 0% A S4B LUATFAUICTINEZ B)
DFERSD. FIRBIKFEOIATL (V—R) AVE-F 2T BLICTOICERT 2RI TED, #5170
A BEHSLURBISFOIATLAOIEZGF2E BRI ZINENHDD. GO, SFKERDEAZHELEINIHIE R
(CHIPBRIBEENDD. TOWEF. 1>N-F—EEEFGORIE T, EESFFENGIEZ FE> TR EZIERTINEN
Hd.

DY — 2D EEHGORIEIC)/ \WIT ST ROBHRELANINZEERLU T, BEZIEVEFEL, 91 L— (3T BE%
BB, NTA—VATAN NI 1—F120 AR NMEDDHT, BLUEBNREBOREIREZERK I 2EEDREC(L.
KGN REBENRBDEREHMZ2ZE R IIVNENDD.
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T . . Improvements to Interconnection Requirements for BPS- 17
(6) NERC Reliability Guideline  connected Inverter-Based Resources, September 2019  (BPSIC 0

A >N\ -5 -BIRIGE)

RE

+ Power Quality [EE/15m

(=)

« Protection Settings [{R#&35%E) : PRC-204, ROCOF
1>ON-A—ERE=2EDT )Y I\$’1~EL6&$ED‘BODEEE%E($ AN\ —H—BIROFREL BRI T HERBIAIC DN
2o CNSOHERBIAL, ROLSBABEIFFEAHHAAHFADIENTES,

IRTEHB%I PRC-024 DEEHLUVREIRESA RAL—BEERDOI ) — Ny TV —> |OsMAIDSE . [RwTY-> &
FRFRENBNE TR, [XA NIV -2 JERRENBRETHD. NI (IVIERBHEROFIR(CE DV T TONE
HD. REHZRD TR ASFEMLZIEERUNS, BIRRRENL VEBEDOETELERBDRECGRE T D2NEN
Do

oI N\-H-EBROBZEMLTEEDHICNBRIGEZIRNT, (REMEEDTZDD I ILIU ) I (SEFREHEIEDR)
B RIAY R Ny T (LR B BN DB,

STEINTARETONYIE, B (684U RE) TIEMISGGTESLU I T ENIZEIRECRIEICE DL
WENHD, ﬂ%ﬂ#(:ﬁ%&htﬁ%ﬁﬁﬁbmmt

oAU N\-A—BEBEREE. HEZEOHIRA TR GERRDIAGEEITINENDD. PRC-024881R(E. J1)L7—ANIFx
ntRMSEaI_ BIEZERT 0. — RS IY()LBERECILERALRVCE, BPSIEHSA>/\—4—EED/\
IA—X>RICEEIBNERC Reliablllty GuidelineOEA. 1B LURA. 12588, COFXRE, B2 DHEEEE%ZRI .

e TO(E. BRIEEINTRARIADESTI DEZEAND NN TA NV AZIBE T DL %R5T I DIHEN 0D,

DCHEERFE. PVES 1—I)LOTEIRETIZEEL . DCRIDFSHE(CXTU TEIMET BLIIGGETE T 2 EN' DD, — YR
ACBEFEFIFACRIDEZE(CHUTEEMELRVELIICT INEN DD,

eBPS(liEE NI A >IN -5 —BIR(L. 1>\ —-5—hELROCOFT My 3 2mEN 212D HIBRMFIELRVED,

EREZ EE (ROCOF) REZERBULRVCE, L. FEALDIZS . ROCOFRE(EBPSHERE)Y — R (CIHMFER
LR\ E,

o> )I\=A—DPLLEIFAIEKRICELD. PRC-024DEBEBLUEIRESA R —BHFER T >IN =5 - RwTUrb, —

(R LELIEDURWESICT D ENSD D, 1>\ —F—(&. PRC-024BHRRIDBPSICERZEAUFEITDENTE
PWENDD. PLLNERRZESIEGE. 1N —EBREEHAZEIEL. NMyT%Z5|ERCUED—NRELL%E
UL 22ERK BEUVCEREAZBRTEREI THD.
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\Y X EAS
2. *"E‘IE ey et . . Improvements to Interconnection Requirements for BPS- 171
(6) NERC Reliability Guideline  connected Inverter-Based Resources, September 2019  (BPSIC
EHienrea > N\N-4-EIRICER)

RE

Chapter 3: Detailed Description of Modeling Improvements [E57U>JeZED5HAA]

Chapter 1TRBNURA >N -9-ERZEE &SI 2IODET ) ) BAONECRHET M BB AZ L& I 5. TTU>
JTEMHT. 2ARNBEEFEREMOIVR-—2> N THhd, ZIEU. B THRAETOERLREIN TV . INSOHERENZET)> I Dk
E(F. ZA0BE. STEFEEROEBEEFE TOTADRI> RPOVEHRFIAD NCESENTLD. COH. HREINDIETUS I B
ZE(I, hHDWICITBIZHICCOECTIFENTLS,

KRIZAFEBEYY—XCEEIBERO Enterprise S LUZEROFIEBFRE (CI o TERMENIAELDH(CLD. HEIZEGE2AROTEET)LT
AR THZIEBONZZLEHOET ) ORENFESNI, FilzlCABEIEFR I 31> /\-F—ER(CEI3NSORIECHTA S 3(CE. HHE
EGROBEMZIAEICLT. BT O - EHZAMEICL. IEERET VMR LMREIEEN3LI(CT 2EN DD,

IRTDILTDOETII I T, EFEEFABOBN T, VY- ADRHN DIEERRIRZIRMIIZCENEE ., TOL(E. HEEHKORABIOLR
R(CFRENZEMET ILANRMEEN., FUEERIF TS0 NCEEFFZEENMNZISNIIBEF. T35 hOsERR B ICIREEN2EFHEN
LB ET IVCRBRENDEVSIREREMHNNE , CNSDOEE (. BFICABINLHIEE LW/ T4 IS0/ BPSOEFE 4 (CR
BB R FSRVCERHESR T B, TPELUPCICE THABINZUNEN DS,

« Timing of Modeling o FrTAD2NKPEE(CEEET INERCT S — MOFEITER . HEEHEARON-RT —ATREEINA >N -5—-EIRD
Data Submittals [£% FNETILORBE(CBEIL T ARHBRETYUI ORIENBES NIz, DED, HEBEHREAEONR-T—RCEDTO.
WMEEFIL ORI TP, BLUPCICBIRIET IV ELRHL TL SN RDDIMDBPSEREOAISFEBMELN' . B/ L2 IEFE(CIER 2
) hofc. FFIBIE, COETUST ORBEICHRDIEA TV, 212U, IN5054T0OETU>) ORI, AAEEFE Ot

AN T DHEN DD L ZRFAT DN EE . HFERADRIEOE GO, BRETRIRRET I EMS
(CEEHILTWVB,

- SERTEREORB(CS AT AFERABCRYREENT —5(E. TOR R TGONFIA TE3ROIEE CEIEN
RETUIBIRTHIDEN DD COT—HE. TPELUPCICEO TRESN TVBEARM R IEREMECOVWTAY)-Z
I FBIRENDD. COT—HE ERIREOND-J0- BELZEE. 558 BIUEMTS 1L -3 (fEREN
3. IRETNEGRENBE. T—HERIEMBREDICRD, T—INDOEE M PHEIEDREDIIRERD.

. MEROEEETLOFIC, GO, IRIF(CEREEINTL\IHERE MO -2 RIS DRFADETU I T — 2RI 200
ENHd. GO JRACHABINT —FEDEVZRFAT2MNENDD (DFD. B CAIDRIELATRMBEDZE
R) , HHSATLAKEDEE (\SA-F-0ZE, \-RUI7EVYINITTOEE. HIHE-ROZERE) | HH
OIENN. FEERDMROS—DZE B, BLUTT> MOBLINFERILEZZEE I 2EDMOEE(E, MEIEDRE,
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2. *"HE ey et . . Improvements to Interconnection Requirements for BPS- 172
(6) NERC Reliability Guideline  connected Inverter-Based Resources, September 2019  (BPSIC
EHienrea > N\N-4-EIRICER)

RE

+ Timing of Modeling o T MEUERBRESN TIREILILIE . BEALDTOR. EEEEFIOT —FEHEIRTAMEDT —FEORIDEEZ+FvT

Data Submittals [#2 FrSEEHENLET ) (RUTHHS) BT BBENDS. TO. TP, PC, RC. SLUTOMOBEEZIZT
FEESLOIRHA(SY  YHTHICERRTACI N — IR RN 550, A—REFTEDRRIRA (Lx(E Y- BIEENS
5 1208%) (HLIBBENGS, EXUSIT—INEMIEOHEE. EREERE, 12 —I—BLUT5> ML

DFIHEEEE—E T B EEHER T DCDERAZATYIIEE, TOL, CORIEFIvI2ENHEL. HHEIEFRIRICA S
SNBIEERRIET —AZIRE T 2N END D,

. MRIEBEOREQ. BEPORIEOSIRIGER I 2 EN DD, HEIEG JOCACOHFBERTEZNDFTTIIR,
NERC FAC-001-30f#EERHIEEHINTUVBRLIIC, [TOF. BEIFOEEIEGEN KIRICEEI N INESHEH
W9 Bl DDIAMBIARRVEHR— NI AN ERIF O TCVBINEN DD, [EEBREE |ZEBR I 2EDEIT1T14ZEIC
BRZEETHUTVD, IDT174. BRI CORTEHNTHIHIRFCEDITETY . | TOILEOT, [HMBIOZEE | %
BRI 26D DVWTIRERIRZBARIBZCENEE., CNF. ERICEAPREZERAL. ETUTOFvvITHhaE
U BIEEN®DIeHTH S, FlHS AT LD TE L EHIEHE— ROZE (L, EELEELRRINENHD.

BHLEREEEHEME
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2. *"E‘IE C . . Improvements to Interconnection Requirements for BPS- 173
(6) NERC Reliability Guideline  connected Inverter-Based Resources, September 2019  (BPSIC
BN/ >N\ -4 —-SR(GERA)

RE
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4. SEXER 249

FERC Order
Order No. 827 : Reactive Power Requirements for Non-Synchronous Generation
Order No. 842 : Essential Reliability Services and the Evolving Bulk-Power System—Primary Frequency Response
STANDARD LARGE GENERATOR INTERCONNECTION AGREEMENT (LGIA)
SMALL GENERATOR INTERCONNECTION AGREEMENT (SGIA)
Order No. 828 : Requirements for Frequency and Voltage Ride Through Capability of Small Generating Facilities
Order No. 661-A : Interconnection for Wind Energy
LGIA APPENDIX G : INTERCONNECTION REQUIREMENTS FOR A WIND GENERATING PLANT

NERC Standards
BAL-001-TRE-2 : Primary Frequency Response in the ERCOT Region
COM-001-3 : Communications
EOP-004-4 : Event Reporting
EOP-005-3 : System Restoration from Blackstart Resources
FAC-001-3 : Facility Interconnection Requirements
FAC-002-3 : Facility Interconnection Studies
FAC-008-3 : Facility Ratings
MOD-025-2 : Verification and Data Reporting of Generator Real and Reactive Power Capability and Synchronous
Condenser Reactive Power
MOD-026-1 : Verification of Models and Data for Generator Excitation Control System or Plant Volt/Var Control Functions
MOD-027-1 : Verification of Models and Data for Turbine/Governor and Load Control or Active Power/Frequency Control
Functions
MOD-032-1 : Data for Power System Modeling and Analysis
PRC-002-2 : Disturbance Monitoring and Reporting Requirements
PRC-018-1 : Disturbance Monitoring Equipment Installation and Data Reporting
PRC-019-2 : Coordination of Generating Unit or Plant Capabilities, Voltage Regulating Controls, and Protection
PRC-024-2 : Generator Frequency and Voltage Protective Relay Settings
PRC-025-2 : Generator Relay Loadability
PRC-026-1 : Relay Performance During Stable Power Swings
PRC-027-1 : Coordination of Protection Systems for Performance During Faults
VAR-001-5 : Voltage and Reactive Control
VAR-002-4.1 : Generator Operation for Maintaining Network Voltage Schedules
VAR-501-WECC-3.1 : Power System Stabilizer (PSS)
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4. SEXER 550

IEEE Standards
IEEE 1547-2008 : Standard for Interconnecting Distributed Energy Resources with Associated Electric Power System
Interfaces
IEEE P2800 : Standard for Interconnection and Interoperability of Inverter-Based Resources (IBR) Interconnecting with
Associated Transmission Electric Power Systems /D6.0 (March 2021)

PIM

Manual 14D : Generator Operational Requirements , Rev. 53, November 19, 2020

Manual 14G : Interconnection Requests , Rev. 6, September 1, 2020

OPEN ACCESS TRANSMISSION TARIFF Attachment O Appendix 2: Standard Terms and Conditions for Interconnections ,
April 1, 2020

CAISO
TARIFF APPENDIX V Large Generator Interconnection Agreement , September 9, 2020
TARIFF Appendix T Small Generator Interconnection Agreement , September 9, 2020

ERCOT
Nodal Operating Guide , October 1, 2020

NERC Reliability Guideline
BPS-Connected Inverter-Based Resource Performance, September 2018
Improvements to Interconnection Requirements for BPS-Connected Inverter-Based Resources, September 2019
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