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B ERZEA b DD X SR (K T Al) 1.15.2 (c) Limited frequency sensitive mode — under-frequency (LFSM-U)
REBOHHILE 1.15.2 (d) Frequency sensitive mode
=PErENE Gl 1.15.2 (e) Frequency restoration control
FEHMOES L O] gEERKER (LEFA) 1.13.1 (a) Frequency ranges
[EREZ{bZME (RoCoF) 1.13.1 (b) Rate-of-change-of-frequency (RoCoF) withstand capability
HH (BEH) OEILRED LR 1.13.7 (b) Automatic connection
HAHZEERED LR 1.15.6 (e) Rates of change of active power output
. 1.15.2 (a) Frequency stability capability of adjusting an active power setpoint in line with
HAOZLERED TR instructions
BN OHHE(RENE L) 2.21.2 (a), (b) Providing synthetic inertia during very fast frequency deviations

2.20.2 (b) Providing fast fault current

SER T WITEIR = Zy— CLNEREROME : _ _ _ S
SHBROFHE(FHETOREIL RN L ELBADLE) 2.20.2 (c) TSO shall have the right to specify a requirement for asymmetrical current injection

BT - s HIE 1.17.2 (a), 2.20.2 (a), 2.21.3 Voltage stability
RRTEICEE(PSS)/BENEBEAZEREE (AVR)DIER- R (EFEE , .
E - BT H14) 2.19.2 (b) Automatic voltage regulator, (v) PSS function
Hl4E - £REES X7 L D3 - B FEEfL 1.14.5 (c) Priority ranking of protection and control
SFETIBAIETE (FRTHRER) - EXhE S HI4iEH) 2.21.3 (e) Prioritising active or reactive power contribution
EiRiEdt CRITZE(L. BMEL -FHER 1.15.6 (c) Simulation models
1.13.3 Constant output at its target active power value regardless of changes in frequency
1.13.4 Maximum active power reduction at underfrequency
B g DFE L D — EMR R T RE 1.13.5 Conditions for admissible active power reduction from maximum output
1.15.4 (b) Capable of remaining connected to the network and operating without power
reduction
EE_LFM Voltage Ride Through 1.14.3, 1.16.3 Fault ride through capability of generators (RfGIZETIK FIFDH)
BiEhFim (EfHlE) 1.15.2 (c) Limited frequency sensitive mode — under-frequency (LFSM-U)
SELINISTN) S iduup)

B IE SR LEHLRE (RfGFERILRR W EEIREFRDFH LEDEEE AL )
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hRAEMACIRE CENELEC
MREM EN50549-1:Requirements for the connection of generators above 16 A per phase -
Part 1: Connection to the LV distribution system
B ESZEA b DD 3 5 (L F AR 4.6.1 Power response to overfrequency
JER S ZEA b DD 3t SR (1K TRl 4.6.2 Power response to underfrequency
EAROBIEISE Response time (& 4.6.1, 4.6.2 (CE2&idHD
B faT BRI 1
F B mDESR o] gEENEEL (LS 4.4.2 Operating frequency range
B ZEA LR ME (RoCoF) 4.5.2 Rate of change of frequency (ROCOF) immunity
== 2 4.10.2 Automatic reconnection after tripping
j-_EE =
7 (RENE7) OIRIIRED LR 4.10.3 Starting to generate electrical power
HHOZGRED LR
HOZLRED TR 4.11.2 Reduction of active power on set point
B DM (REAUIEHE)
SEROMHE(BHFOREIL —RA(CHEREROMLS) 4.7.4 Short circuit current requirements on generating plants
4.7.2 Voltage support by reactive power
BT - B HIE 4.7.3 Voltage related active power reduction

4.7.4.2.2 Zero current mode for converter connected generating technology

RRLZE(LRE(PSS)/ BBNEERAEKE(AVR)DILER- HRE(EREE -8
FEEBEHE)

Bl - (RFES RT LD - B IENRAL
SR SEIRMIISE (FRTHRAERD - BN HH)
Bk (RREE/L. 1BIE - BEER)

B BN DFB L N — TR R T RE 4.4.3 Minimal requirement for active power delivery at underfrequency
&EE _EFM Voltage Ride Through 4.5.4 Over-voltage ride through (OVRT)

e Fim (EGTHIH)

SELTNSIO) 1 livau )

Em&EEL B I HEEE 4.9.4 Means to detect island situation
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thRIIEAF{CiRET CENELEC
REMH EN50549-2:Requirements for the connection of generators above 16 A per phase -
Part 2: Connection to the MV distribution system
BIREZ b DI HI x5 (L F A1) 4.6.1 Power response to overfrequency
LR ZA L DN 3 2R (1K T 421) 4.6.2 Power response to underfrequency
FEZMOHEHSEE Response time (& 4.6.1, 4.6.2 (C5C&EidHD
B a1 BRI 1
F B mDESR o] gEENREEL (LS 4.4.2 Operating frequency range
B ZEA LR MtE (RoCoF) 4.5.2 Rate of change of frequency (ROCOF) immunity
i) () DD LR 4102 Mol meoeion st i
HDZGRED LR
HOZGRED TR 4.11.2 Reduction of active power on set point
EHEDOBHE(RRIEM)
SMEROMIE(FBHEFOREIL — R CHEBREBROMLE) 4.7.4 Short circuit current requirements on generating plants
4.7.2 Voltage support by reactive power
B - N E 4.7.3 Voltage related active power reduction

4.7.4.2.2 Optional Modes
4.7.4.2.3 Zero current mode for converter connected generating technology

RRTZE(CRIE(PSS)/ BBNEERAERBE (AVR)DILER- HRE(EREE -8
i EBEHE)

Bl - (RFES RT LR - B IENRAL
SIEFB RIS E (FRTRER) - 3N E N HI1H)
BRI CRIRETELL. 18150 - FRER)

B BN DFE B N — EHERF R T RE 4.4.3 Minimal requirement for active power delivery at underfrequency
&EE_EF Voltage Ride Through 4.5.4 Over-voltage ride through (OVRT)

BB Fim (EGTHIH)

B ORI D

Em&EEL B I HEEE 4.9.4 Means to detect island situation
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hRIEH4(biRst =E
IREM National Grid

[ERERZEAL DI 3 SR (L FAAY)
JERERZEA LN SR (T RY)

BERRDHIEISEE
B TETE R R I
FBHADOEEL IR (LS4
Rz L EMiE (RoCoF)
HH (BES) OEIERED_ LR
HAZELRED LR
HAZELRED TR
BIEHDOFHE(FHNENE)
SEROHRE(EHFOREZEIL —RANCHELEBROMIE)
B - BB B

RIRLZE(LEKE (PSS)/ BBEERAERE (AVR)DILER- R (EREE @
B HIE)

H1H - tREES AT LD - B STIRAL
EHRHESRIRAIEE (FRTHRER) - EAHE N HIH)
1BIREM CRITZE(L. BI% - BRER)

B E R DFE B N —EHERF K T IRE
BEf LA Voltage Ride Through

BB Fim (EGCHIE)

B ORELH D

B IERR b L HEE

Ea

BAHILEEEE HEERRT

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN

OCCTO

ECC.6.3.7.1

ECC.6.3.6.1.1.3

CC.6.1.3
ECC.6.3.13.2

BC1.A.1.1

PC.A.5.4.3.1 (d), ECC.6.3.7.3.3

ECC.6.3.16.1.2
CC.6.3.4

CC.A.6.2.1
CC.A.6.2.5

ECC.6.2.2.8
ECC.6.3.16.1.5
CP.A.3.1.1

CC.6.1.7
0C.4.3.4.1.10
CC.A.3.2, BC.3.7.3
CC.6.3.15.3 (iv)
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hRIIEA(LIRET FANI VR
REH EIRGRID

[ERERZEAL DI 3 SR (L FAAY)
JERERZEA LN SR (T RY)

BERRDHIEISEE
B TETE R R I
FBHADOEEL IR (LS4
Rz L EMiE (RoCoF)
HH (BES) OEIERED_ LR
HAZELRED LR
HAZELRED TR
BIEHDOFHE(FHNENE)
SEROHRE(EHFOREZEIL —RANCHELEBROMIE)
B - BB B

RIRLZE(LEKE (PSS)/ BBEERAERE (AVR)DILER- R (EREE @
B HIE)

H1H - tREES AT LD - B STIRAL
EHRHESRIRAIEE (FRTHRER) - EAHE N HIH)
1BIREM CRITZE(L. BI% - BRER)

B E R DFE B N —EHERF K T IRE
BEf LA Voltage Ride Through

BB Fim (EGCHIE)

B ORELH D

B IERR b L HEE

Ea

BAHILEEEE HEERRT

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN

OCCTO

0C.4.3.4.1.8
0C.4.3.4.1.9

PPM1.5.2.1, PPM1.5.3.3
0C.4.6.5.2

CC.7.3.1.1 (b)
CC.7.3.1.1 (d)
PPM1.5.4.2

PPM1.5.4, CC.7.3.1.1 (I)
CC.7.3.1.1 (m)
CC.10.9.6 (if applicable)
PPM1.4.2

CC7.3.6, PPM1.6.3.4

CC.7.3.8
PC.A4.8

CC.10.9.6
PPM1.4.2 (c)
PC.A8

0C.4.3.4.1.10, CC.7.3.7
CC.7.3.1.1 (k), PPM1.5.2.1
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RN AR FyR—4
IREM (RFGOEHBSIOIE) X EIRIEBID Technical Standard (LR R4+
PR OIS 55 (- SR 13.2
PR LD 55 (16 81 15.2 ()
ERROHTENE 15.2 (d)
E TR 15.2 ()
REREOEGAA R (- 54) 13.1 (a)
ERMEAETE (RoCOF) 13.1 (b)
HH (EEH) OENEED FR 13.7 (b)
HAZACEED LR 15.6 (€)
HAZLEED TR 15.2 (a)
BN DBHA (RN
BHEROLHE (BHSOREIL — RS EREROLER) oo EE))
17.2 (a)
EE - B 20.2 (a)
21.3
SRERTELEE(PSS)/ BB B AL E (AVR)DILAE - HEE(EREE B 19.2 (b) (v)
S 1)
S 1256 S 27 LD - BN 14.5 (c)
E I ESEIBATIEE (FRTE ) - SN ) 21.3 (e)
EIRIRG (R, BN - BEET) 15.6(c)
RSB RSB — M R T IRE a3 EbS)
BT £S5 Voltage Ride Through
BT GEEH) 15.2 ()

R DEAK S
B 3E R LEHLAE
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P RIIEAF IR KEl FERC
MREAF

ELRESZAL DI xR (_E S48 No.842:Essential Reliability Services and the Evolving Bulk-Power System—Primary
B ESZEA L D3N 3 2R (1K T 421) Frequency Response

FERBOFIEICE L

=Yep N Gl

FEROESR O] AefERE (LF A1) (LGIA-9.7.3)

B ZEA LR MtE (RoCoF)

Hh (BHEH) OBIREO_ LR

HAOZERE D LR

HAZEREDO TR

BN OHHE (FRNE )

SHEROME (SHRIFOREUL AR CHBREROAS)

& - HRNE N HIE No.827:Reactive Power Requirements for Non-Synchronous Generation
RRTEICEE(PSS)/BENEBEAERE(AVR)DIAR- L (EEEE 8@  (LGIA-5.4)
W EB I I
HIE - (RFE > XT LD - B ST lafI (LGIA-9.7.4)
SHEFE IR E (FRTHER) - #ERhE 1)
BRI (CRITEEAL. 1B - SBER (LGIA-5.8)
B BN DFE B ) — EHERF K T IRE
EX_EF Voltage Ride Through T EAOEHRL
No.842:Essential Reliability Services and the Evolving Bulk-Power System—Primary
g Fim (EfHlE) Frequency Response
(LGIA-9.6.2)
$ELINSTN) - ivua P
B A EE L5 1 EHERE

«  LGIA. SGIAFTEHRY - 3ZRAVREEE THD. EARRIRAZFIEINERC Reliability Standard{®RTO/ISODARIZTERMIN TS, Fio. LGIALSGIADEY
TE(F. FERC OrderCiE&smNIEABTORIREBOITHD., BAEXFILEUIZ,
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P RIIEA(LIRE KE NERC
HWREH

JERERZEALOHNHI X SR (L FHEY)
[ERES AL DA B M SR (KT R)

FERIBOFIEICEE

B TETE R R I

FBADOEER I e B (LS4
ARz L EME (RoCoF)

HH (BRhESN) OEIERED R
HAOZERED LR

HAZELRED TR

BIEHDOFHE(FHNEME)
SEROHRE(EHFOREIL —RANCHELRER
BT - BB B

RIRTE(CEE (PSS)/BBNEERAERKE (AVR) DL - R (EREE -

BB )

Hl1H - RES RT LOFRER - BIEIRAL
SIEFHBICIRAISE (FRTRER) - #E3NE D HI1H)
B (RREEL. BIED - FHER

B E R DFE B N —EHERF K T IRE
B E5 Voltage Ride Through

BB Fiwy (EGTHIEH)

EER R ORI )

B IRIE R L HERE

DFER)

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

PRC-024-2 Generator Frequency and Voltage Protective Relay Settings

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)

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

FAC-001-3 Facility Interconnection Requirements
FAC-002-3 Facility Interconnection Studies

PRC-024-2 Generator Frequency and Voltage Protective Relay Settings
BAL-001-TRE-2 Primary Frequency Response in the ERCOT Region

* https://www.nerc.com/pa/Stand/VRF%20Matrix/VRF Applicability Matrix.xlsx MSIHRNGO/GOPDStandard THEEAZEAZETIHLTVWSED %I
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R RIIEA(LIRET KE IEEE
REH 1547-2018

[ERERZEA LN SR (L FAY)
JERERZEA LN SR (T AY)

FEEHMOHEHICEE
BTEI R AR I
FEERROEER A REAIREL (LFA)
iR Z{EXMmE (RoCoF)

HH (B3ESN) OEIEEO R
HAZEERED LR
HEAZERED TR

BIEDOHIE (NI E)

FIEROMHE(BHIFOREUL — BRI CHERER
BIE - B HE

RRLE(LEKE(PSS)/BBNEERAEKE (AVR)DILER- R (EREE -

FEEBEHIE)
Hl1H - fRFE S AT LD - B FElRAL
SINEFHESTIRAIIEE (FRTHRER) - #E3NE D HI1H)

BiREH (RREEL. 1BIED - FEER)

R B DFEB I ) — EHERT - B T IRE
BE_EFMl Voltage Ride Through

BREh RS0 (EGHAE)

LTSI i a )

B IE SR LR

DfER)

6.5.2.7 Frequency-droop (frequency-power)

4.6 Control Capabilities Requirements

4.6 Control Capabilities Requirements

6.5.2 Frequency disturbance ride-through requirements
6.5.2.5 Rate of change of frequency (ROCOF) ride-through

4.10.3 Performance during entering service

4.6 Control Capabilities Requirements

6.5.2.8 Inertial Response*
*non-exhaustive requirement

6.2.1 Area EPS Faults

5. Reactive power capability and voltage/power control requirements

Informative: Annex E.2
6.2.1 Area EPS faults

10. Interoperability, information exchange, information models, and protocols
11.4 Fault current characterization

6.4.2.4 High-voltage ride-through

8.1 Unintentional islanding
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R RIIEA(LIRET KE IEEE
HNREH P2800

[ERERZEA LN SR (L FAY)
JERERZEA LN SR (T AY)

FEEHMOHEHICEE

BTEI R AR I

FEERROEER A REAIREL (LFA)

iR Z{EXMmE (RoCoF)

HH (B3ESN) OEIEEO R

HAZERED LR

HAZERED TR

BIEHDOFHE(FHNEME)

SREROHR(EHFOREIL —RANCHELREBROMIE)
BT - BB B

RRLE(LEKE(PSS)/BBVEEFRAEEKE(AVR)DILER- RE(EREE @
FEEBEHIAE)

Bl - (RFES T LOFRER - BIEINRAL
SIEFEITIRAIISE (FRTRERN - EENE D HI4H)
BRES RREE(. Bt - FRER

[ER SR BN R DFE B ) — MR R T IRE

BE_EFMl Voltage Ride Through

BaEhT-im (EfcrhlE)
EEREF DERAR
B I E SR LERLRE

6.1 Primary Frequency Response (PFR)
6.2 Fast Frequency Response (FFR)

4.6 Control Requirements

4.6 Control Requirements

7.3.2 Frequency disturbance ride-through requirements
7.3.2.3.5 Rate of change of frequency (ROCOF) ride-through

4.10.3 Performance during entering service

4.6.2 Control Requirements
6.2 Fast Frequency Response (FFR)
7.2.2.3.4 Current injection during ride-through mode

5.1 Reactive power capability

9.6 Interconnection System Protection
7.2.2.3.2 Low and High voltage ride-through capability
10 Modeling Data

7.2.2 Voltage disturbance ride-through requirements
7.2.3 Transient overvoltage ride-through requirements

6.1 Primary Frequency Response (PFR)

9.5 Unintentional islanding
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hRAEF LR KE ERCOT
XREM ERCOT Nodal Operating Guide

B EZE AL DN X5 (L F4H) 2.2.7 Turbine Speed Governors
B ZEA b OINH 3 SR (KT8

2.2.10 Generation Resource and Energy Storage Resource Response Time Requirements

FEFROHHILE 2.2.10 Shutting down and disconnecting Generation Resources or ESRs from the ERCOT
Transmission Grid

=LEr)E Mg Gk 2.2.4 Load Frequency Control (LFC)

RRSEOETRES (R 262 ey e Tough Requrmens fr isibuten Geerain Resoure

B (Rocor) e ol L =

H (BEH) OEILRED LR 4.5.2 Operating Procedures

HAZERED LR 2.3 Ancillary Services (10)

HAZERED TR 2.3 Ancillary Services (10)

B OALHE (FRIEE) 2.3.1.2 Additional Operational Details for Responsive Reserve Providers

FWEROMIE(BHFORE L —RF R EREROMR)

B - 3 E ) H4EH 2.7 System Voltage Profile and Operational Voltage Control

RRETECEE(PSS)/BENEERAEEZE(AVR)DIAR - e (EREE -  2.2.5 Automatic Voltage Regulators

TEEREHIAE) 2.2.6 Power System Stabilizers (PSS)

H4E - £REES 2T L D3R - B 5TEfAL 6. Disturbance Monitoring and System Protection

SEFESTIBMHASE (FRTHRER - B3 E 1 Hl4H) 2.9 Voltage Ride-Through Requirements for Generation Resource

BRiEdt CRIREELL. B4 - HiRER) 5.1 System Modeling Information

B B DR E L N —EMHR K T RE 2.3 Ancillary Services

SWE_FSA Voltage Ride Through 2.9.1 \R/g;?l?lieRside-Through Requirements for Generation Resources and Energy Storage

EENTES () 2.2.7 Turbine Speed Governors

2.2.8 Performance/Disturbance/Compliance Analysis
pEL IR =L ivunpa) 2.3 Ancillary Services

ER i ER R [ | ARE 11. Constraint management plans and remedial actions
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hRIAEMA bR XKE CAISO
XREH TARIFF APPENDIX V Large Generator Interconnection Agreement

JERERZEA LN SR (L FAY)
JERERZEA L AN 3 SR (T RY)

FEHAEOHEICEE
B el ERERH

FERARDEER A REARE (L5FA)

JEiR#Z L= (RoCoF)

Hh (BHEN) OEBILRED LR
HAZELRED LR

HAZELREDO TR

BN OHHE(FHNEM)
SEROME(BHIFOFREIL —RACHERETR

B - BN HE

RRTZE(LRIE(PSS)/ BBEERARBKBE (AVR)DILER - HRE(ESEE

S EE I

HIH - (RFE S AT LD - B STNEA L
EEFHESEIRAHETE (FRTRER - B3NS N HIH)
BRI CRILEIL. BN - BHER)
BB OFRB L) —EHRF -ETRE
EE_LFM Voltage Ride Through

BREh RS0 (EfeHE)

BRI DERAR D

B ImsE SR L RE

OH#ta)

9.7.3 Under-Frequency and Over Frequency Conditions

9.6.4.2 Timely and Sustained Response

9.7.3 Under-Frequency and Over Frequency Conditions
Appendix H. i. Frequency Disturbance Ride-Through Capability

9.7.3 Under-Frequency and Over Frequency Conditions
9.7.2 Interruption of Service
9.6.4 Primary Frequency Response

9.6.4 Primary Frequency Response

9.7.5 Requirements for Protection

9.6 Reactive Power
Appendix H. iii. Power Factor Design Criteria (Reactive Power) [asynchronous generating

facility]
5.4 Power System Stabilizers

9.7.5 Requirements for Protection

24.3 Updated Information Submission by Interconnection Customer

Appendix H. Section A. i. Voltage Ride-Through Capability

9.6.2.1 Governors and Regulators
13.5 CAISO and Participating TO Authority
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B faT AR

FEsmOEER oI REEIRER (L5 A))

JEiR#Z L= (RoCoF)

Hh (BHEN) OBILRED LR
HAZELRED LR

HAZELREDO TR

BN OHHE(FHNEM)
SEROME(BHIFOREIL —RACHERETR

B - ENENHE

RRTZE(CRIE(PSS)/ BBNEERARERBE (AVR)DILER - HRE(ESEE -

S HIAE)

HI1E - LREES XT ADIRRER - B STNEAL
SRHESTIRAHAEE (FRTHERN - ERhE O Hl4E)
1BIRIEM CRIZELL. B - FHRER)
BB OFRB L) —EHRF -ETRE
EE_LFM Voltage Ride Through

BRE) TR (EkeHIfE)

EEREF DRI H
B YRIE LG LEBERE

OH#ta)
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K[E CAISO

TARIFF Appendix T Small Generator Interconnection Agreement

1.8.3 Primary Frequency Response

1.8.3.1 Governor or Equivalent Controls

Attachment 7-ii. Frequency Disturbance Ride-Through Capacity
1.5.7 Frequency Conditions

1.8.3 Primary Frequency Response.

1.8.3 Primary Frequency Response.

1.8 Reactive Power and Primary Frequency Response
Appendix 7. iii. Power Factor Design Criteria (Reactive Power)

Attachment 7-v Power System Stabilizers (PSS)

Primary Frequency Response

1.8.3
1.8.3.4 Electric Storage Resources
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FBLMOTEHICE

B faT AR

FEsmOEER oI REEIRER (L5 A))

JEiR#Z L= (RoCoF)

Hh (BHEN) OEBILREOD LR
HAZELRED LR

HAZELREDO TR

BN OHHE(FHNEM)
SEROME(BHIFOREIL —RACHERETR

B - ENENHE

RRTZE(LRIE(PSS)/ BBNEERARERE (AVR)DILER- HHE(EREE - 8

S HIAE)

HI1E - LREES XT ADIRRER - B STNEAL
SRHESTIRAHAEE (FRTHERN - ERhE O Hl4E)
1BIRIEM CRIZELL. B - FHRER)
BB OFRB L) —EHRF -ETRE
EE_LFM Voltage Ride Through

BB Fim (EGTHIH)

pELTNSI) = livau )

B YERR b LA

OH#ta)

A=l

Hh. 2. I. Frequency-Watt Requirements

Hh. 8. CONTROL THROUGH COMMUNICATION CAPABILITIES
Hh. 2. f. Frequency Ride-Through Requirements

Hh. 2. k. Ramp Rate Requirements

Hh. 2. k. Ramp Rate Requirements

G. 1. f. Screen F: Is the Short Circuit Current Contribution Ratio within acceptable limits?

Hh. 2. i. Fixed Power Factor
Hh. 2. j. Dynamic Volt/VAR Operations, (Dynamic Reactive Support, Phase 3)

G. 1. g. Is the Short Circuit Interrupting Capability Exceeded?

F. 3. c. Distribution Group Study Process

Hh. 2. b. Voltage Trip and Ride-Through Settings

L. 3. b. Anti-Islanding Test
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Bulk Electric System
Distribution System (~34kV) (34kVN1|15kV) Bulk Power System
Low Voltage Medium Voltage 1qigsvvi|§a8?<$/ Extra High Voltage
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PRMZEA IR % NOL LT
HWREHF ([ JAEMFR. 5. 2588 ODXENo0.2xR9)

JEIRERZEA L DN X3 2R (L F1)
[ERERZEA L DHIHI TSR T )

FEBOHEHIGEE

B ey /B R ER ]

FEmDBERRIREEIRER (L
S

[EiREZ\EEMi&E (RoCoF)

£ (BxhEHN) DIEILRED
LR

HAECRED LR
HEAECRED TR

BN OHIE

[EN] CHP (Combined Heat & Power) (FESENHREICEIDTFEAZHID10%EWBE FEULVEDE R HD. 1
DEIHETOIBE LU, \wTU—ICLBLFSM-UEKRZHIBR I 2L 5B R ool \vTU—(FRFGDIIZRINC(ddrD
. RN (BRI REEEE TH DI, sedildikenic. [1]

[EN] ELANVCEU THEEIDERNERHSN TLD s, $24lTiY (CRIBERRDIRCE VS EEERkEL TS, (FBTE : for PV
and Battery inverters below 1s for a delta P of 100%Pmax, for Wind turbines 2s for
deltaP<50%Pmax) [1]

[RfG] IYZ(C&o TR R DFEICLO TUTONTER, TN TV7ENETNOEENRFRAFRRER RGOS E. HLER
BIRGENERICHD. FFHARCOVTREINSZERU TRET DI ENDD, [3]

[EN/IEC] IEC TS62786 (BoERFiEHmODEELEIROF MM{EER) TlE. AT OEEHEDESHEL. EICLDERDBOD
£33, [2]
50HzIVY : &%uEdr : 50.5 - 52.0 Hz, E#naJgg : 50.5 - 57.0 (*1) Hz (0.5 s — 90 min)
60HzIVY : &% E#r : 60.5 - 61.8 Hz, E#rAJgE : 60.5 - 61.8 Hz (0.5 s - 90 min)
*1  SENEAOEHE(57.0TERL, 52.00'E)EEBHN 3,

[RfG] df/dt(CLBLOM( B iiEeRR 4R H DS TEMEETSONMETE 9 5. MROCOFMBEDIETECHVTIEF/dt(Z{EER) (Chl
ZCGHABSRIROEENMNETHD (EBRORREGTAICOVTIEEIRIC (IR EEZ(ENESENTVBIDTIDL
SR (/1 X5 EROCOFEHRIFHIN S ERDBR CE TAf/dtDEREEFINENDD) . LOM(BHIEH) F
TR E(Cf/dREZFAVWTVBREIRNHD. BIROROCOFMIEICEMRT D, IR (Zdf/ dtR B2 {EDRVS
SENEFENS, [15]

[EN] BELEFOH N ZEALERE DIRE AR EZLHIRTENTT . EASE D D15%KREOENHE N OREERF. RREL> >
STREATIRE G-IV THRENMELET D) LOBREZRIRL. RIERFAETEILANIERELL.
[1]

[EN] FEEFHHFUVEEEOE DERSREE . RFADHEZREITLOERNS. VDE-AR-N 4105225&(CZ&1E
ERENT IAI MU TR BN, [1]

[NERC] 1>N\-4—ERICLPIEMISEF. ILKTEPFR (Primary Frequency Response) DR \5ELE, T D%
fE:FFR (Fast Frequency Response)&UTIRNDN TS, FFRIE, EBIRTERICEDBEZNENHIGHIRR, FIEEUR
Tl IDENERD, B - ABFE - BEMDOEREFIHD, [C-1]
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hRMZEFbiRs BRK D Eh it =
WREHF ([ 1REFR. 5. 2588 OXEN0.ZRY)

FEEFROEHE (BT OREIL — 1R
(CHEREBIROMIE)

B - B HIH EER )
(> N\—5—EIROEE—EHIH)

RN ZE{C=E(PSS)/BEEBE TR
BE(AVR) DALk - 4HRE(EHEBE - @EE
JEHI1E)

Hl1H - REES AT LD - B FTllEfiz

[RfG] R ERMHENERATIECIOTEBOTVWIDNERETH D, TNERFEOMROS - My 18, 5
TTVIEL) (L& TERERBD. [22]

EFEETDEADHAEIRIERAOEMFET 50, ENBROLEMIckHEIEA10msect EEL. ElL
RIVDFRIREFELLE.

(ZD10msect LHBIFRIGRITMIEZRSN TN, ZEFROR I (CIDEMBEEE SR LA T IFBNIAREHD.
"entso-e Implementation Guidance Document - Fault Current Contribution from PPM &
HVDC"(CERBAN'$3)[3]

[RfG] Type-A PPMOZE{F(Art. 14) DERN BN HIHIZHIENTEARE INSEDIRA> b0, EaFCRi
EROREE TV Type-AlFI RN Uz, EENEH O —X (3O HIVORRAKIFE S B, B
HOSEHEFO0—-DILOZ-X(BELZEEOHE) ([DGUCEYIBRMESRHINEEDTHS. [3]

[FERC] [FIHAtEREER. FIERHAEIRIC U CEBIF RN E D MIGEE N T R$HD. [A-2]

[NERC] RHEREN, BE. EXENZITINIALATER. HliHl. SLUHEHFTEDL. RBFEAHID
RIFEMET D, WECCT(L, REEEENSRHERE(CHU CEEHIHEEEZIRHE IS, AVRHE
EMEARZIR I 2L ZSKDD, [A-2]

[RFG] BAFDZADEIEBHENSI > T Hkae 2 KB M (o TV —7 T AN\ —H—BIFEMEZX TUHIRA T3S
BIBFTENMEERBSN, ZDZ—XOVTSHATTR E THrd, HEVWATIIE MBREFRICESES T
PEEB e BRI SEVSIEMFELTLS.

FRINDES RFICEEIBIVESITNEETHDD T A—HISHU T EDEUAY D %IRRT BEN'E
BTHD. [3]

[NERC] PSS EIHAFEBEHEDRERIREIDIREN HE THOEIHAFEBHNA DR EZ &=151(F. AVREEEHEE

HIEIREEL U CEBIRIEE I ZRE T B, [A-3][A-4]

[RfG] BARY D —IEBIRDIRENLEEFEN T EBADIHICREBIREININEED, (REIEEEDEBITE(CEE
SEZLIEERETHEO T EERAEEZEIRID. [3]
BFEIBLLIELLT
(i) network and power-generating module protection
(ii) synthetic inertia, if applicable
(iii) frequency control (active power adjustment)
(iv) power restriction
(v) power gradient constraint
[NERC] ENE N IR EDFEE L mOH HIC IV AN BB REMEENEMELB VL S BIREEESTEZKDD. 3L
RER, MEHHEREZNE I DREAM\DEH, [A-5]
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R RMZE A biRE % NOL | E ot
WREMF ([ 1AEFR. 5. 8588 ODXENo0.2xR9Y)

[RfG] BRI DENETOEA L, HEEFOBELIEL, S RT MRENER(CHBETDDIC T D RBRZIRISEA
FBEOMAIAZIID INSORIERFVINE. TA—IL S R —ZHOMHREAIEmO—ERTHD. JDLEER
SATLADREMECARBIRBED, HFERDS 2T LMREE ERNE A HHE— RSV BREHEHEDE 2
BEARET I DIREN DD COBMFL, BCEBF(IXERY NI -GN D - —JEZ1-)LF(E
HVDCZRF AU T, FEBRO LUEEFRERICEENEHEL CVWRWSS(CEV B EREEA T DL
HIHFESNTVEFT . COEAFOBNL, REXRBEOD A ELENECE I DIBIBOFZEZHIRL. XEBLANILDOZ
ERBIEDRICEEZLZESEDIETHD XERFICESNRLEUIGS . BEREHMP(E, FESFREN

= g 5 . 45 VC
igiﬁﬁﬁ’)"ﬁ‘ﬂ““mﬁw A B R MEIES 5. HEER (S TBREMAST) DEIICLD. COLSBRRIC
e SIS 52 303, BN EEOEHE. BB RSO EAIBL. Y25

LOFFE, E(CREHATYUT(CM&F IS (IGD Post fault active power recovery #&08)
INFARREIHATRS (KRR MEIREDES AT LADEMHNNK, FEIRIRENSV) TR BERTECORN
DEBBRBHAIEDECS AT LBIREIGET 20%1EHT 2190 BIIEHDOEIBMFCRFRINICEREICR
Do
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[RfG] ELIREUR FESCHIIBEHNENDORN F. AT LTFIUTA(CBRE 2R FITesd. BFREBHEZOLIBIR
[ B RF DO FE B ) — TEHERT - LT CRANRYCRIRERPRD BN BN TRV SEBENEE THD. 2T BHHMEERECH I DmAT
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CCGTMHETRM. HERS. RE. HNUREERIDUENDD. [23]
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g [NERC] B4R F RIS ARSI TOVEA, BN RBEOE AEAICIHSUT. RAEMRA NSRS BB
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BRI ORIK S [EN] S SE A EBAEE S TOHDEREUE, [1]
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Phase Anale Ride Throuah EEAMEAZAECHUTE, DEEERNEI Iz ikt CERENETLVEEZIBNTND, [LEEICDD
e ANgle M B 9 DEEERO NYITHIREUIZE . ERRROEREEICRE2REI AN DD K E - EETOEL
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© FBHOTEISE S FRSECERENINTOBREOKR  *© ZALKO/IRERVY - BN TINSOE A ZHIPR S 2ERX(S, 1

MUIEFBHT U TEMME I B ENRITIR T Do Y —2DEESITIIRK, FIZ(E, DERMS (Distributed Energy
* BEEFRINZTARMEREHICTITEEHE. Z<DJ)yRI- Resource Management Systems) &, EHIRE(S - HI1E
RICEFNTLS, 2y RD = DEARICEH D

s RECESREINS/VERERICHIIEM T, HED—AZRITER
Vo —ZBOEELRIVYRI—RT(E, 100kW O/JVBREEIRCTL
TITICZOISIRHEBEE B ELTLWS D, DER ¥ —MIz( 5wk
JA—LEERUT 10kW O/)VREEIRICHIT2EHEE AL TL

50
© AEBEOMARN S ENS. © EIEHERED/NSX-F(E. RELERBDRIED-—X(MEFIT DL
* 1RPE CEEEAEZ N BIRE THDIE WL, FIZ(E. IEC 608700 “Telecontrol equipment and
* HAME I DIERMES 2 RER. IEERRINCERIS LT D1 systems"RE. FERY2BETON KT I 2HEN DD
AE * DERODHEEEICEET 2/\SX—5%ZAZ 4 L I ZEDFES *1

* —TFERREIRICEMNENZ TS MESBEI T (CHIBR I 214EE
* E—REEP/NSAAEEDRA - 52/I\E1THH
* B SA—AZERDS>T (HHELRE)
x1 X SBRER. BESNIEMENBEIEEN 2 RF R E TORE
* IEEE 1547-2018 - Standard for Interconnection and Interoperability of Distributed Energy Resources with Associated Electric Power Systems
Interfaces
* Common File Format for Distributed Energy Resources Settings Exchange and Storage. EPRI. Palo Alto, CA: December 2020. 3002020201.
[Online] https://www.epri.com/research/products/000000003002020201
* IEEE 1686-2013 - IEEE Standard for Intelligent Electronic Devices Cyber Security Capabilities
* IEEE 1815.1-2015 - IEEE Standard for Exchanging Information Between Networks Implementing IEC 61850 and IEEE Std 1815(TM)
[Distributed Network Protocol (DNP3)]
* IEEE 2030.11-2021 - Guide for Distributed Energy Resources Management Systems (DERMS) Functional Specification
* IEEE P2030.4 - Guide for Control and Automation Installations Applied to the Electric Power Infrastructure
* IEEE P2030.5 - Standard for Smart Energy Profile Protocol
* IEEE P2688 - Draft Recommended Practice for Energy Storage Management Systems in Energy Storage Applications
* IEC 61850-7-420:2021 - Communication networks and systems for power utility automation - Part 7-420: Basic communication structure -
Distributed energy resources and distribution automation logical nodes
* IEC 61968-5:2020 - Application integration at electric utilities - System interfaces for distribution management - Part 5: Distributed energy
optimization
* TEC 62325 series - Framework for energy market communications
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2035F LV OB EDFBELE(C, SDARERVY-ZIDSLD/)\ah
DY 2% |BXAFEELTLKO—RIVIFRTEL TS,

SRS © TIBCSIIDIINTOFREE(E. REMFIENICSHEEZIFOCLE  + KETE, FERC Order 2222(c£DDERYIVY 23> OEIFET

1M HERENS. BADOSHNCEI S BB F BT OPAH N HEII SN, BLE RFAE
ZaN3)Y - A0 HOEBADGESIBENERFIN B,
* DERY'—KNITA TSy RIA—L * DERY —NIIATS5vRIA—LDIz8dDFTUWIEEE P1547.10
FtaEnmE Recommended Practiceld. SEIER TMEEZEZSIHEL
nmzu,
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EEORAVb BEH= FEDIEE

* INTOEEER, (FEALEOEFERECHLUT, BEORIKRIMEAN  *© BERESA R —08EH(CEAIIEIHAFEELLLIBRDEVE. IBR
THGHERR I BT DEMHNLATIFIET . UNU. COBESIE. N CEEERU CEIHAFEEEAL (S . Bt IR el ENERH'p B I B E S A B
HNEEFATLUEHINZEFESEEHARER (a directly- A —=(CHIBEN'SHBIZENZ 0\,
coupled synchronous generator) OUY—X&. [BJ7- X5 IBRTILEHICERESA RA —HERENZIHE . JLTIIOME,
H-BEMBEDIBROBITERS. VAL e 0L 31 BN E AN ﬂ@%ﬂﬁﬂ%lk?&é‘]“"lib\aﬁéo

* AATIIEAATIIVOE T —-E (.
Wb,

EiRE

— KB (CRRIAUTZRE N =52

* IBRTZ>ME., I8ESNIREREZEE DA R —

REREISE (PFR) 84U/ FrREEEBEREGS (FFR)
HREBIRE THINEREN S,
_@%#F(D{ﬂ%tbtti iR &/ NeNE BEEMELFIAR]
REYEEHE(IRV) HEITBNS,
* E&&M’E@nw@ﬁﬂ,&ﬂmﬁﬁﬁ
* SEGEMEDROOEEREORE
BRESA RZ) —EWERE O — IR EREUEE (PFR) QBN
20619 E. BENESHEELARIFD JNEEEFEOFEIEN SN
TWRIEE. FEEBEEN Volts/Hzr — /) CEUF ot N 3iaant
EZZ2HPN3. BEEENVolts/Hzr—)\EVF¢(%. HIZ (L, IEEE Std
C50.12™, IEEE Std C50.13™, IEEE Std C57.12™, &4&U
IEC 60034-3 TiREINTLS.
IBR 5> RO NwTFfz(E, IBR 1=y hDBE AR ECLDESREN
BB TAE DA IR TERWE S, 51 R —FEIEADEREEY

BENZBL. — ¢

28 33 BB S IR SR L T O RS ERDS

Do

IBR J5> hAED, BRI X7 (IBRERMR) Fzld IBR J5>
hERIRRBIDOME— DIEHTZIBR S 2EP D (CHITDFMPREN N EL
SNIRVBRD, IBR T3> MIBHZmILT ZENBE THD,

D) I E e AR RS
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B ZE BN BREN DB R EARTRUAS SR ERD
oD, FBHEEN TV IRTOVY - AETICHEES 25 (FIsteLT
(F. 'J‘;—ZODE5}*2"%5(%?%5\73“%7351@&}%595iﬂli§JZF'aEJ7Dl/—*‘/3)
AN ) I
&, BRESA FZ)L—ﬁ‘éb(i@“/\“CO)U‘J ACBVWTEREDH
IKEEL RO TUVVD, EIRELSA RRIL—BENZHFDONY - AMEZN
(F. 57(0)}7&gﬂli‘EEL(J]‘b'Cj(%E#EB%Ea Ny TZFECIENTE
BIzs. RO ETEMENE_ LT DL BIREMAEN DS,
[LWV BN 2R ER B Tr&E#R 9 DEE (L. IATOVY—R(CXLT, Iy
hER(ETZ2 M CERASIN 2R BELZF2a0Volt/Hz(CBid2
BENC Lo THIPREN B BIREEN DD HiER(E=BELARBIELZN
BIRF(CRAE T DEINETDIEN TSR,
TS5 NNEBTOEBRDERIATL (ERIE) TOBHOFE
—EBDTS> R, BESEEETZ—BPDTF> I\(LBE;EéhZa{tEF]D‘
Hd. BEREIOT 7> MOGEHHE AN ERREO TN
(spinning reserve) &OIHTLAE/NEVRD, B RFADRS
Z(IRENTHD. BIRETA R —(FCDIIRIBEEHLEN
BFOTHBD,
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© BE EERFOVY-RCHEWT, BROEIREREEE (. B

#ESA) TONYTEERINZEN DO, NF. BERILRV
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ER. (3. EROREERBORTFIEDID THD. COLIBTS
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RUVFTULWFEEFIBCESHRIASN D DHD.

BREESA RRI—(FRESD DM ER/NBHF TH DI, /\5X=4
DiRPEE TEHLRE (BRI BB, 2L, BEIEE NV TRTEE (b
L. FAENZI5E) OFZEENETHD., BE, RFEA\DFZER
B ([fit and forget|) ((EDESEMBEHROSND, Z<DT5>
NITZOMPREE (B30, OEM) NiERERIE CE3HEEZD D,
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A& Z5N3.

BEDFRFRMIBEESN TR,

A>2N\=5(3, RIRERERE [FIHAFE B RO REME O REARE) 13 ] Eh
BEbEtDEE T I8, (B RN ERRFEERLE LB T, &D
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HICERXEUTHD.

75> MIFETESNTZROCOFBIZ T U Tt & R I 2 EHSRHSN.

N g 3E(FEFENAL,

COBHOAARIC(F. BEHOFMMNER/IME (TI2)L MR TETIAE

EHEHREL) HSENS.

* 1 DOROCOFD#EXTHE, Fizld

* &L IFOROCOFfE#R 1 29D

[EHR(C

* [ERE/ROCOFDETAIE(C X 3 2T F) 15 D RSFfEi i
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(=100ms) HMEEEEM(CAALBNS,

BAHILEEEE HEERRT

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN

W&, A2 I\N=HHBHUICLEATROCOFSA RRIL—BEN(CHIFR
I'&H3BEENZ0.
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HE-E> OHEmEI R B EEE Y N EES 2 HIPR I SR (BB EN'SD
o

SOBVMEMZEF DY - A&, LDRWVEMSZREDOUY -,
BIZEEEREREUSE (FFR) ZH2RV) IBR BECESHRZS
ns&. RAFOROCOF(HBEN I DATHEEN DD,

ROCOF O34 R —ZHF, JUyRI—RTREENDIENEL
O TLBH, FE—ARBNCEMHMESNTLSDIFTIFRL, COHE
(CEDEMENRD UL RERICB VTR B CL DA FRME R FEE
Ny T#BRCZENTESTz8h. ROCOFZ4 R —HENZFFOUY—-X
MEZANERRILOREILT B,

BENDISA—=F(Z, FFErIHER ROCOF, NADIR, SLUEIRER
EIHRFE(CRE T EREREICEDOVT, REtERAECIO TR
ESN3,

TSOlcLoTU, HF(CHTV (=1KEM) XERFLERL TS5
A. IDEVROCOFSA FRIV—BENEMBET BIHGENHD. 1
(& XBRIFEE (T ERE) LVY-X0FEE (Fk
(F. ERAE) OMTHEOEENNEICRDZEEHD.
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© BEIRBIAREEEL DA ROCOFSA RRIL—%0.5Hz/sKiis * BZE(C(E ERULAVERES: (Unintentional Islanding) %

(CHRIBRI BT FFESNN, BrLE I DI DR EIFIBFEREL T, FE(FFRHDECERDORST
* BTMUY—-ZADOZ{HE: ROCOFSA KRR —%0.5Hz/sAKim(CHl FIEEL T, BEeEBRGITHEH SN BYY —R(F/N&7k ROCOF B(CxT
PRI DL FFEINZL, LTI EEENBTEN S 0Tz, COLIBTTO—F(SEBE

BICBELEEN . BERPRAOEFAEMECBVTURIZEURVFTLLE
EEFINBCEZTHRIASNDDH D,

oAt * ROCOFZA RZIL—(3F—/)\EVT1 DT R/ NEBLETH DI,
INSA—A D= RS EHERE (LB RSB, 2L ROCOFRIYS
STEE (BU(FASNZIZEFEEEFINSIZE) DFAENE
THh EE. REANOHEAE ([fit and forget]) ((EDEE%
EENRDHSN D Z<DTFNIT5O MNIBEE (HBUE.
OEM) hi=PRE:%TE CE2HEERE D, HIZ(E VY- ADMBEE
AT, RN UGS TOFBIE ZSN D,

iEEZE SN * CNEEMNRER/NENBEHTH S, © EEMIC(IHEEINT. CORENICRETAIFEDREHIZEAISN

EIR% TLRL,

© HURIEQNDFEEFA T, BIRMEDA >N —H%ERL CRERIC AN =AS, SRR ERE B HRFEEE R R ENHE D BEAREY /2 O] B)
ERSNSEIHAR B E(ER I 5500 d. COSOSRFEEFITCE.  BizUIDEETfcsh. BIRFRFEHRSNIEERIFEBERLLEERU T, &
B K55 EEMEFROROCOFDSA PRI —BHNEATFS [LLVROCOFSA RRIN—BEN ZIRM TE BB REIEN' D

ns. * BEREEEROCOFDEENMAE R EZMELSESROFIEL
© EE#E ROCOF ZBENICAE T DFEGFAFERLT TlE BUFHAZEIFBN S,
BD. IRTE TIEIERAL BIUETHRESN TS, * JEC TS 62786-41 ED1 - Distributed energy resources
ReAtEN) connection with the grid — Part 41 Requirements for

frequency measurement used to control DER and loads
* "Frequency Measurement Requirements and Usage,"
RG-CE System Protection & Dynamics Sub Group.
ENTSO-E. Brussels, Belgium: 29 January 2018.
[Online] https://eepublicdownloads.entsoe.eu/clean-
documents/SOC%20documents/Regional_Groups_Con
tinental_Europe/2018/TF_Freq_Meas_v7.pdf
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Y—EXFFR]DIRREORTE I DiRMBIESICIEE I DTN TES.
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Y—EXE )L LETHIELTIE. FEENEETBNS.
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73 * F8E /1B BRRFINFCEBIRE(CHD5E (B5TR
ssfmf Lk WBEF. BELEIRENMEESNTRLETR DL BEIRICRIAIC
Hl#Y ERRULLOET BEIREIEN'DD)

* BIRDERMR, R OZ B, IEKOFRIBOA > TF > AKF
FHEIHFERIAS T T AR - AN Ee 2 BRI 2T
EENZ3FTIC. EHEHOEEES(C—ERRIERIZENT 'R
HERMEIE " ZEE 215 E D%,

* RAEMBHHNEEK /SOTR FIRE, TGS R
FREIAN REE LR DITESE CORSRBEREBEHELZEIETS
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© EERJUYRI-R/ & Y-EXRBIFSLUY -ER1E )R
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AWM T UTAR E T2 (BB IR (CRBITUIE&(C, UV - WNI5 )& en %
BI2CEZHIE T2 EZENELTVET, BEDIZS. HIZIE. ¥
1909y RYBEHLERLE— RIS RTHERE— RNCBITI 1545, 18
ESNreY-EREREMHNMERINS,
(Z88) "Microgrid Interconnection Requirements: First
Edition," EPRI, Palo Alto: December 2020. 3002019406
[Online]
https://www.epri.com/research/products/00000000300
ZDAth 2019406

* TN R ER/NBEN B TH B8, \SA—IDi=bRsS TR
BE(LERSN 12D, NvTROY —EXBHIE/18 )RS TE (S FEia A EE
B8 (Load Balancing Authority) ¢DBEANHEREIN. CN5D5%
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TS5 hEEERL T, —RREI(CERD FFR BEN%IFD,
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DIFFHEHOREEE - MFEETHD ., IRTEFAFAE IBR (CFLALER
SnTL3,
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"‘I‘E'I”SEF' & "BEHEFENZCENBD, IBESN/NSA-F(CLOT
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BEIRZUE T ICIGZE TS FFR BES(d. Z<DEN OEM [cfoTE
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NTEE EEPMEEE OEM B TAZKER D OIREMNN %D
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IBR J5>bD FFR 8273 (REIRERMATIEREN . SREIK
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EiREREAE (Hz) OADDIC. ROCOF (Hz/s) TFFRZRJH—
9BILEHTED.

B EEEOHERICE . LUTF OF I MES LU E P gEEEH 7=
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BEHEN B,

© \SX=FF. FFEA]EER ROCOF, NADIR. SLUELEAAE IREF

E(CBIT B ERMERLECEIVNT, RFETEREICIOTREIN
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(CAREULBWSSISEFET INEN DD,
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I ) B (TRD5, IIHELERLR) (CLDEIRER FADQMIGICHIHESN 33,
2i%E. IBRIS> ME FIRIF-FENE(EIT DI, ZOAYR © COHEER. FIREBIRECHUTERILE I BN\ IA—H%ZHED]
W—LZENBCHERTI BTENEREN D, RERIBRIS> MO—REKEILE (PFR) ER&EYZOIREMEN D

%, REREIGE (FFR) ¢—REEHIGZE (PFR) A HO)
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ORI~ TR D BEREICENRESN TS,
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TLD)\ATY RRERRR (EEMRESRE) NDREEHZL
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B RBINSX=HDEEEF %I N TDIEFEL TLBIBROTS> b
(CIETEIBDIIEERANTHD. XEBRM FEEN TNETNOXR
RO —X(HU T, BEEFCHIIBIEAE - P BN EFROIES D
WMEBRAREZEZDIETEZIRFTI D THAI.
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4. FERBR - 2HRIEFE CRE—# —s#EA 59

SIEROMHRE(BHFOREIL —RIMCHERBROMLE) 2/4

EEORAVb BEH= FEDIEE

* RETHIUL, CORREDMEERICE LTFOTIAVMESLUHIA  * BEEFIERULEE. BEFHSRNSEERE. SRR

73
ssfmf Lk
Hl#Y

AJRE/REY E EpFHZ = HDENTED,

* BT (O 3R

* BE ER(CII AR

* IEM8 (positive sequence) (CXIRLEBIERT 1> (k-

factor)
* ¥iAH (negative sequence) (CXIIBRLEHIERT 1> ((k-
factor)
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Hy RI— RERIFARAEODC(F, HPEIFOIEAR - FAEERNEIRD
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BOEHD.
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FHRORA BEOIHR
+ (REHEORENE, BERE. BRE. REMSRCENST.  © V- 2NCORNBAEEE I, BRSNS TS
BEALOUY-ATFAET S NEABRARE T, +9( ERDBE AR ORES 25 Lt
© R, BAOUY-R(d, BER, V2547, REWSBEE  DBBN®E. CNEAAIRERYY—ATEHFDRERBRI,
S EEDESEIRATE TS NS BN, —BOUY—2F ERESHABLREAS )~ IS 27 ABEI B~

BRIEfZ)\—FI-R (RHFTE) LTLBEIEEENSD. (F. FEEERTUY RO R/ FIEOBM4=TEIZL TRV B EESEN S
Do
(B8R)
BIRE * JEC TS 62786-41 ED1 - Distributed energy resources

connection with the grid — Part 41 Requirements for
frequency measurement used to control DER and loads
* JEC TS 62786-42 ED1 Distributed energy resources
connection with the grid — Part 42 Requirements for
voltage measurement used to control DER and loads
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* ECE(CIEFRENZ/IVRIERYY - 2D RHDETNEFTETEIN. K Update. White Paper. EPRI. Palo Alto, CA: March 2019.
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e Annex G of IEEE 2800-2022 provides a list of the data
recommended in each category of models

e Common File Format for Distributed Energy Resources Settings
Exchange and Storage. With assistance of Interstate Renewable
Energy Council (IREC), SunSpec Alliance (SunSpec), Institute
Electrical and Electronic Engineers (IEEE). EPRI. Palo Alto, CA:
2020. 3002020201. [Online]
https://www.epri.com/research/products/000000003002020201.
e IEC 61970-301:2020 (Energy management system application
program interface (EMS-API) - Part 301: Common information
model (CIM) base

e IEC 61970-302:2018 (Energy management systems application
program interface (EMS-API) - Part 302 Common information
model (CIM) dynamics
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Lo DELIES I FIVELTHT TENEE THD. [3]
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BIZ : No. 842 Essential Reliability Services and the Evolving Bulk-Power System—Primary Frequency Response
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-HUE(CH T BT IRERE

SEEIEAEIRDIENNCHEL). NERC Reliability Standard T(&. ERCOTHMBDHFEE 5w AD—
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RIEREISEDRREN G OIN FTEEDINRT

DOFREBEABADEEL T, LGIA (Large Generator Interconnection Agreement) & SGIA (Small Generator Interconnection

Agreement) (GBENNT2ENH01,
SRR A2 1=
2018F2H 158517, 708#&HSiEA

s5am L0 H CHER

#sAIAR (Discussionh'5ik#k)

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

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

C. Requirement to Ensure the Timely and Sustained Response
to Frequency Deviations

D. Proposal not to Mandate Headroom

E. Proposal not to Mandate Compensation

F. Application to Existing Generating Facilities that Submit New
Interconnection Requests That Result in an Executed or
Unexecuted Interconnection Agreement

G. Application to Existing Generating Facilities that do not Submit
New Interconnection Requests that Result in an Executed or
Unexecuted Interconnection Agreement

/
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H. Requests for Exemption or Special Accommodation
Combined Heat and Power Facilities

Electric Storage Resources

Distributed Energy Resources

Nuclear Generating Facilities

Wind Generating Facilities

Surplus Interconnection

Small Generating Facilities

Requests to Establish a Waiver Process and Consider
Potential Impact on Load and New Technology
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I. Regional Flexibility
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BIZ : No.827 Reactive Power Requirements for Non-Synchronous Generation
JEEFREIROBMENHIE (VI AT >3 ZESESERITHE+0.95~-0.95)
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e DHEH
BRORAY N HEDIEH
B . INTOIERLAER - EHIREHCEREOEERDD,
e - BEEEOEEPRERCLIBEETEROGESEERT S,
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s fim AR HNEEHIHTBE
il %Y
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Reactive Power Capability Requirements B P S CER RS B O EREZFRALTHLL,
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BIE : BAL-001-TRE-2: Primary Frequency Response in the ERCOT Region
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o EREMEZRENSIEIZULTF Y AU (CEA o DI RYAIIVEEK[I-ENSDOPFRAEN BBz, RIL—
o FEBEBIEHEEE R-T-FyRNDRICEITZIHNF-F IR R-N, 7 5.78% £33,
RES - NIA—NRAEERLR— MR I3, o TIZSNUTVSEBEBOX ICRFEFRAFISDET D,
qi g - - Balancing Authorityh™initial” & “sustained”®22DPFR/(

IA—NDA%ERI B,

iﬁ%}%ﬁ?ﬂi' initial: FME (Frequency Measurable Events)kiah520~
" 52 DB DEARFENBICE(CXT T 2R FDENFZETAI
sustained: t(0)#&46¥DIF R TN AT LARIEEICE DHARFE
NB3ILELLEEUT, t(0)1846~60DRIDERED
ESIV=Xapiill
o IDINAORBAINREEBOERI-EANFITZRIL-T -FYyRNOR -
At E4%zHIBR (TRE-2T&E:=. 1B1M)
« PFROMEBFMIFEZMRE (TRE-2TEH:=. B10)
ELZE SN — _
IR
FitEhm) — _

(@) BRI E S AL

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN

OCCTO



4 . BERBR  2HRIFEME CKE NERC Reliability Standards) NE2 fiEn —fEA 88

FERDEEL o] AEEIREY (LEF M)
BIE : PRC-024-1/2:Generator Frequency and Voltage Protective Relay Settings, PRC-024-3:Frequency and Voltage
Protection Settings for Generating Resources
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BHOMKA b
B FER « -3WEIXBES(Bulk Electric System)iE#Heh' 5k —

« -1/23EBRITR -
o -3TETHZFEN

BikiE BESIEHE BB DAl 220 A
75MVA%#RBZ 2V —AT7HUH —4—
. . EEURBSICE TRERRORELZRTIZN. COREICL - 20803, [REMFTEEN. EEaNERESLVEENE
ey T  ZEH(CNo TripV— A TRERBH N FURD, tFEE (R BRI IS N E R (B3 L0, REHYRE
:ng;; : FROFEANMELELIEDLARWNTE, —TFEET BRI UBESOZ E R YR— NS BT IIENE L
L FRATIS B NSRS N TV BB ahh A BRRE LN E
zot - o S3WEE. ADN—I-YINITTOEE, 2\ —H—EBEIMNL
L —SREZE TS TES0. IZNM /0 NE /NI
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FHEXMROESR o] EeAEEL. (EF41)  PRC-024-1/2

PRC-024 — Attachment 1 Western Interconnection

High Frequency Duration

Low Frequency Duration

OFF NOMINAL FREQUENCY CAPABILITY CURVE

Frequency (Hz) Time (Sec) Frequency (Hz) Time (sec)

68 Instantaneous trip Instantaneous trip
261.6 30 =573 075
uebec 66 =508 180 =578 75
<60.6 Confinuous operation =584 30
=594 180
64 . )
=59 4 Continucus operation
Western ERCOT
6
. ~ Quebec Interconnection
==
ST e Easterr 0 : : LowE —
(not including the 605 High Frequency Duration ow Frequency Duration
lines) 3
- ERCOT g Frequency (Hz) Time (Sec) Frequency (Hz) Time (Sec)
— - é 58 Instantaneous trip Instantaneous trip
I L
Western 263.0 5 <56.5 0.35
. 261.5 90 =57.0 2
WUEDET 26
260.6 &60 =57.5 10
<60.56 Continuous operation =58.5 90
54
=504 660
0.1 1 10 100 1000 10000
Time (sec) =504 Continuous operation
IRFEHRERBORERTEME TRV EZAR
. ERCOT Interconnection
Curve Data Points:
. - - Low Frequency Duration
Eastern Interconnection High Frequency Duration equency
High Frequency Duration Low Frequency Duration Frequency (Hz) Time (Sec) Frequency (Hz) Time (sec)
] ] 2618 Instantanecus frip =575 Instantanecous trip
Frequency (Hz) Time (Sec) Frequency (Hz) Time (sec) 2516 a0 £58.0 2
261.8 Instantaneous trip <57.8 Instantaneous trip 2606 540 2584 a0
(B0.935-1.45713") (1.7373-100.118)
260.5 10 =59.5 10 =60.6 Continucus operation =50 4 540
<60.5 Continuous operation > 59.5 Continuous operation ~co4 Continuous operation
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FBixiaOEEL oI sEAIRER (L5A)  PRC-024-3cE

Attachment 1
(Frequency No Trip Boundaries by Interconnection®)

Western Interconnection Boundaries

[= I =5
B

h
=

Eastern Interconnection Boundaries

=i

=4}

w
&
=]

| Mo Trip Zone* |

AI_'_Ii

LA
w

[=1]
(]

LA
[5::]

Frequency (Hz)

LA
L |

Mo Trip Zone*

Frequency (Hz)

56
) // 0.1 1 10 100 1000 10000
7 Time (Sec)
57
01 1 10 100 1000 10000
) Figure 2 . . _
Time (Sec) RFMERERBEOETEETIRVIEZIAES

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

Figure 1 IEFMEHMREEBORTEMETEBOILEEE

* The area outside the "Nao Trip Zone” is not o "Must Trip Zone."

Frequency Boundary Data Points —Western Interconnection

High Frequency Duration Low Frequency Duration
Frequency Boundary Data Points - Eastern Interconnection

Frequency (Hz) Minimum Time (Sec) Frequency (Hz) Minimum Time [sec)

High Frequency Duration Low Frequency Duration
Instantaneous =57 Instantaneous
Frequency (Hz)  Minimum Time [Sec) Frequency [(Hz) Minimum Time (sec) 616 30 73 0.75
Instantaneous® =57. Instantaneous®
2606 180 =578 75
2605 1 QI#0.935-145713%) <5095 1(QI1-7373°F-100.115)
i i i ) <606 Continuous operation =584 30
<60.5 Continuous operation >595 Continuous operation
. ;
Table 1 =394 180
»59.4 Continuous operation

* The figures do not visually represent the “no trip zone” boundaries before 0.1 seconds and after 10,000 seconds 0 1*&3'] t 10000*’”’1&@5’{ FZJb—ﬁﬁiﬁ(Igiﬁb\o
The Frequency Boundary Data Points Table defines the entirety of the "no trip zone” boundaries. /&t{ﬂiﬂ%j' 97"\,{/ |\45§(j:\ rj> |\U“Jj\) _‘/Jiﬁﬁ@é%i&ﬁ;%jéo

e e e vt o s e oo, URA(BSRITR T BN . FERAUESRAIC., ISENRESN ORI TR C Ny &

instantaneously for frequencies outside the specified range, this calculation should oocur ower a time window.

T'p'[.l.iﬁ| window/filtering lengths are three to six cycles 1.50— 100 mi.llislen:ﬂnl:ls]. Instantaneous trip settings based t_"éb“\ Z@%‘l’%(iﬂ%F'Eﬁ?é(??fbﬂé%\gb“%éo _EXE’]EH%FEﬁIU\j‘“ [,9')/9 (j: 3N6‘|j'49}[,
on instantaneously calculated frequency measurement is not permissible. (50’\’ 1005U*’J/‘ . ﬂ%ﬂ%(:g %Enn /&Q&/ﬂl }E(ng (H%H#o) FIJWjERIE(IntF_.“JEL\o
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RERMOELAEEEN (LA  PRC-024-3E

Quebec Interconnection Boundaries ERCOT Interconnection Boundaries
67 63
66
— 65 ~ B2
T 64 E 1
= ~— 51
o 62 >
€ 61 ) 1 € &0
€ &0 | Mo Trip Zone* @Q Mo Trip Zone* |
= 3
o 59 o 58
E uti E
L 57 W 58 ]
56 |
55 =7
0.1 1 10 100 1000 10000 0.1 1 10 100 1000 10000
Time (Sec) Time (Sec)
Figure 3 St o kg o = = i
IBFUEMREREDOEEETIIRVIEZAE Figure 4 yeeem (4o s s e naw oo il (1 (\TE R BEED

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

Frequency Boundary Data Points — Quebec Interconnection

Frequency Boundary Data Points — ERCOT Interconnection

High Frequency Duration Low Frequency Duration High Frequency Duration Low Frequency Duration
e Fsomlnli e Frequency (Hz) Minimum Time (Sec) Frequency (Hz) Minimum Time {sec)
Instantansous? . Instantaneous?
Instantaneous® =57. Instantaneous®
263.0 5 =565 0.35
2616 30 =58.0 2
2615 an =570 2
2606 540 =584 30
260.6 660 =57.5 10
Continuous
<R0.6 Continuous operation Z585 a0 <60.6 operation =594 540
=504 660
>59.4 Continuous operation
»559.4 Continuous operation
Table 4

Table 3
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Hl 1 - REE > AT LD - B FElIEfL

BIZE : PRC-019-2: Coordination of Generating Unit or Plant Capabilities, Voltage Regulating Controls, and Protection
mOBHFIENEEZ B I 2 RERIRDOHIHEAREMBED T . RERIBOFENCIDRANER Ny T2 R ESHRMRER EZE K

-3iE (FET)

: =902 hO-5—PENENHEREZ B EERIHIGUIE

BRORA MEOKIE

BERER « BES (115kVEL L)

« 1520MVABOFEEH
« 1820MVARBOREEII>T> Y
« 75MVAEBOFEER

iRz SEREEECNCRYTS (2eETEN)
. TISyHRH— NEJR
. BNEEIBNEEBELE (SREESh)
H:Iljj' _
o
Py
. BASBECH, T EREE R S REMTEE S LU
- EIAEL. BEFES A GRETR0IyS—8 L URE
HEERSE) %. 243 B DMEED SUSS T 3RS A5 /s
3 A ADRTEHEEA IS B, TNBOIET Y A HRETHLE .
WSS,
SR
BN -
(@) BHILS e E

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN

OCCTO

- REEFEHFORIBICEIC

« -1 FRBIER, BEREBIEOHRETREL TEDFREBHER
FE(ILTURLVZSD, FEBFR(CGREIN TRV FRIE RSN B #
BRBIHRIIEU,

o -2U0E : AR/ ENRERSN B NMERENFEEFICHERINSL
S(CRofees. RRIEORBELZITO.

- EEROHE - REVEEDEMENMER 3 DIBEDEITIRAL, BHIE
BRI Uy RO — REAEDHEBERE - MIZIEC DOV TOR
i « ARIE (372U
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BikiRHE CRIREEL. &N -SlER

WIE : FAC-001-3/4:Facility Interconnection Requirements

RifiER R LU VERIERE MM B R FEBERCOVWTOBIEN SN ZERT D, -200E (2016/1/153h) (3. SEEHAOE
REUSOZMOTTRIECIROHIFR. BMAFR3EHAET (X 1) 201 RIAUICEBERE, -3e0E (2019/1/1F%h) (F. WRexfmEL TELEHL TL)
I RHEREE | OEFRZECH. J1 R VBBULEEXEDIEBZHIFR, -4cUEREER (¥1) OECH(LHIBR, EER(CIHBED

ISO/DSODTarifflCieEFHENDIANBEIC LD,

BEROMRA > b BAEIE IEDIELR

EIEPETR « BES (115kVEL L)
EiRIE - £ERE

« -3 [ARUBRZEE | OISO, THHHIMRICE ],
o ¢ -4 TARURREES DB EROSN SRR EHRET B,
. 4IRS RBOERO— ST A TONRBIRCEAN
i RO, Flew KBREBIUZNIBVEBUR MEEDHA KS1>

Y (IR

ZOAh -

DEEZPSIN =
ES A

2 IE[E -

1 srmen e DR A e R R R R OISR T B O DI
A EIEEA B AT 3 RDICRERT —4
HEIZEGAA O NCOEBELAIEMWELUMVARDEBEFIEE
TL—h— OB — SR
3257 LNOIREL
A=A EBERE
By T2
IR

o -3 EANOFEEHOTL—RERICEHEDIEINERD 6] KRR
ZEE |(CFZH I DN, FRMIEDERZE E (FRFEDZE LT DIHE%
LU,

+ -4 : FERC Open Access Transmission Tariff (OATT)&fZFR
OHEEHD (PVOA 2 N\—H—ZE (FOATT TIFEFEETNDIRON
FAC-001 0B B THEREIEICREHDEERLRD)

« BEFEBOXDIRL

BENmENOFE

HEBROL—T1>7

SO

ATFIARE

ER EOREAOXME (BEELEREEEE)

AR I ARIB(CEESNEHF O B OREET
BESLURIFOEREFIIR

BE. EYEH EFNHLUCBNENBENORNEAOLFREZZ) « BIUHDE=RGE



4 . BERR  BHEHRIFM CKE NERC Reliability Standards) NE4 —Ex=~A 94

IBERiRM (RiTEL. B4%H - SiER
BIE : FAC-002-3: Facility Interconnection Studies

FAC-002TIIRFHERE(CLSImpact Study(ChERT -4 (EARMREEERL) DREEEK,
ZOMMNERCTARIEL CLV 2R B RDIBIRIZACRIET 2 R I22 TRICRT

ZOMNERCTREL TWSFHESBOEHRITHEICBHET 5HIEE TRICTRY

NERC Standard

MOD-025-2 Verification and Data Reporting of Generator Real and Reactive Power Capability and Synchronous Condenser
Reactive Power [FEEHOBR/FNES. BHAIS T HOEMNENCRIT 25T - DIRE]

MOD-026-1 Verification of Models and Data for Generator Excitation Control System or Plant Volt/Var Control Functions
[REHOEEIES 2T AFE TS MEE /BN E D HIEICBIT3ET)LET —HDaHil]

MOD-027-1 Verification of Models and Data for Turbine/Governor and Load Control or Active Power/Frequency Control
Functions [9—E>/AN\F—BLUOEEHIEEZFBINE S/ B HIEEEE CBET2ET ILET —H D)

MOD-032-1 Data for Power System Modeling and Analysis [/\D—32F ADETU>J EFEMTART—4]

BAHEEREEHEMRE

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN

OCCTO
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B|E_EFM Voltage Ride Through

BIE : PRC-024-1/2:Generator Frequency and Voltage Protective Relay Settings, PRC-024-3:Frequency and Voltage
Protection Settings for Generating Resources

FERC (Order No.661-A) ¢WECCTId. EFEE T (LVRT) OFERTHOA. PRC-024-1/2 (2016/7/1F3h) TIE The
Technical Justification for the New WECC Voltage Ride-Through (VRT) Standard, A White Paper Developed by the Wind
Generation Task Force (WGTF), June 13, 2007 ZZ&3&(C. EREENSEBIZFIZROEF FF (1.2PU~1.1PU) ZZEEUHVRTHE
SHTEEINLE AT LAEFRBRESUETEZEDME . BB imh Rt LS D ZATE .

-3 (2022/10/1FINTIE) TIE, 20165FL2017FOFHFEFERNS. “No Trip”V —> I TOEEOREIR . BESSOREIR. VRTORIA
[BIER. 1>\ —S—{REEHEREC DR, 1> /\—F—EIRD“No Trip”V —2(CHITD— RN RS IEOFFE B EZE

BRORA EfHEE

BEFEK « -32E(FBES(Bulk Electric System)iE#ih x5k —

o -1/2F2ETRENTR -
EIEE o -3EETHSIEN
e BESHE it BIRDMMEAZEZOE LA

75MVA%IBZ 23UV - A7V —4—
. o EBEULHRICIE O TRERBOETREZNTEI DN, COIRE - 20889, [RBHEABED. ERSNARBSBLIUEEDE
Y (Lo TERERITOEREZEIRICNO Tripy —>ANTHRERRH BN h(CREBNRRIIRRINZE(CRDLIC. REHIRE)
“%TJ%%! : DyTUTD. BEERDEAMELELIEDLRVNCE, L—E&TEET DL ZRIEUBESO R TE M2 YR— NI B ITENEEY
" BRATAER N SERAREN TR E N DD IR LI E
ZoM - o SBWE>AN-A-YVINIITDEE. 1> )\-5F-EBELIMNIY
L—RTEZE CHILTERIz8. JANM DI\ NEE/INEH BT

LSS — o -3ER. SREZEDHARIZZBL CREMNZ 245 B UARICTIE
IR T 9%

o AR -BHROEEFEEEZREEAIEL. RERMEERZE « EAIAZTOTIL-HvE (2016/8/16)EFv=A>2

[E2R2NT35E. BEEZEREI . 232l —23aYICEDR (2017/10/9) DN AR DA PREARATIC LD, PRC-024-20D

K] FERTEZIRFT I 2InE . BEASNIEEIARE. EWEHHENEE BHOEIRD, BIEAARY MRCKBEREBOERNN DOANE

MonFEML. EERIVTHE. AVRE-RZ2EET 3. RN FEDBABENBAB NI DT, Ez. BEE T RIS KR
- IBRAOEEE. BAIBEHHORMSEREIREOEREFE IV —HHER AR EEAEBEEOVIT NN ZTRETEN, BE L
HHEET S, FAIDTA RR)L—HEREABREBEDH T REL TBDIRELN N E
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B|E_EFM Voltage Ride Through

The Technical Justification for the New WECC Voltage Ride-Through (VRT) Standard, A White Paper Developed by the
Wind Generation Task Force (WGTF), June 13, 2007
[(RZEDEM]
I EORILE 981 IILDS54 RRIL—ERICDLWT. WECC Low Voltage Ride Through (LVRT) Standard%zFederal Energy
Regulatory Commission (FERC) Order No. 661-A¢—Eat3,
R OREEBFCHUAS I 2 HEF T DEKRTH D REBEENFHEINTHSXBEENNIIETLENDI0% (0.90 pu) ([CRBDETORICFE
A IEFCHEEHDIRFAZERI D,
R OFEERCHUAS A>T I DEKRTHD. REBEEDVFEHEIN TS, XEEEHIAIREED110% (1.10 pu) ICESIFTOD
BICREIISEEEHDIRREEET 2.

1.

2.

3.

Voltage (PL)

12

s
o

s
(=]

09

0.8

Figure 10
High Veoltage Ride-Through Curves
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Scotish HVRT Std

— = ‘reland (ESBMNG) HVRT Std

=———Dznmark (Eltra&Elkraft) HVRT Std

—w—New WECC HVRT Std

—hlaw WECC LVRT Std

Goshen 181 k. Loss of Bridger-Borah 345 kY

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

——Hughes 230 k¥. N-1-1 (CO-Buff Prior Out), Loss of Viyodak-Hughes 230 kY
—Gochen 161 kW, Logs of Midpoint - Summar Lake 500 kY

Sync Gen Inverse-Time Vi/Hz (w/Fixed-Time Unit) Relay Settings

NES
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—EBRN

PEERHROR D FEEFI{T
IECTOSEEZEG. BAD
FEF(CHEREINDSI > b
FvINS5—, NEReE R
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High Voltage Ride-
Through Curvezi&stUiz.

VYoltage (PU)

0.6

0.4

0.4

0.3

0.2

0.1

0.0

Figure 1

Voltage Ride-Through Boundaries
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BE _EFH Voltage Ride Through
-1/2 -3 NE

PRC-024— Attachment 2
PRC-024 — Attachment 2

(Voltage No-Trip Boundaries — Eastern, Western, and ERCOT Interconnections)

Voltage Ride-Through
Time Duration Curve The Voltage No Trip Zone ends at 4

[ L 1%2 lgg ] seconds for applicability to PRC-024
! 120 1.20
| F1.15 1.15 3
s 1.10 1.10 4
= 1.05 1.05
1.00 1.00
—1__No Trip Zone £ ggg . ng .
iR 28R remerne |
£ 075 ' £ 075 4
r070 5 0.70 3
[ 065 o = 055 3
060 @ 2 060
£ 055 & 2 055 4
r 050 = @ 0.50 3
F 045 @ o 0.45 3
040 D 0.40
035 @ 8 035
00S 3
TE R
£ 010 O 0.10 3
L 005 O 0.05 =
0.00 0.00
0 0.5 1 1.5 2 25 3 35 4 0 05 1 1.5 2 25 3 35 4
Time (sec) Time (sec)
| mmm=High Voltage Duration | 0wy Voltage Duration | | ==mm=High Voltage Duration | ow Voltage Duration |
Figure 1
. . =z SgEuE = SN\
Ride Through Duration: * The area outside the "No Trip Zone" is not a "Must Trip Zon IRFUB(IRERBORETEETERNS
: : _ tzBREC
High Veltage Ride Through Duration Low Voltage Ride Through Duration Voltage Bounda Data Points
High Voltage Duration Low Voltage Duration
Voltage (pu) Time (sec) Voltage (pu) Time (sec)
Instantaneous trip Voltage (pu) Minimum Time (sec) Voltage (pu) Minimum Time (sec)
21175 0.20 <0.65 0.30 21.200 0.00 <0.45 0.15
2115 0.50 <0.75 2.00 =21.175 0.20 <0.65 0.30
21.10 1.00 <0.90 3.00 >1.15 0.50 <0.75 2.00
=1.10 1.00 <0.90 3.00
_ <1.10 4.00 _ =0.90 4.00
B[ 15 A0 B B A S rable 1 > Nt
AR NIIBEHR T O EZ AR L

Organization for Cross-regional Goordination of
Transmission Operators,JAPAN

OCCTO
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IXEBHRETEENPRC-024 B E 2a%ib /e 3 Teh O E R EBERZERTELNE
BN EERESTEZF I 255G, REWFTEEI(LXBIRFIEER.

(Voltage No-Trip Boundaries — Quebec Interconnection)

1ON-5-BRS. BEE LFOM. NyTINERTAZ

Mgk E DX BIRETEMRETHERCEDE, TOEERERFIEN TREI DL

nTE3.

b BIETBLRETES.
May cease cument injection momentarily Voltage Boundary Data Points — Quebec Interconnection
Y B , "mderspecibed condiins High Voltage Duration for all Power High Voltage Duration for strategic
14 e : Plants Power Plants
I
= 'L Voltage (pu) Minimum Time (sec) Voltage (pu) Minimum Time (sec)
c 1.25 — eTsEss= A
E 1.20 — - I —_ _—_ ;._1.5{] 0.033
115 —f o e
g ., >1.40 0.033 >1.40 0.10
S ., >1.25 0.10 >1.25 2.50
m - L] & "o
= No Trip Zone l >1.20 2.00 >1.20 5.00
A | e —— | I 2115 20 115 0
g i i >1.10 300 >1.10 300
075 —f:
% <1.10 continuous <1.10 continuous
a Table 1
$
'Eﬁ Voltage Boundary Data Points — Quebec Interconnection
& Low Voltage Duration for all Power Low Voltage Duration for Inverter-
Plants Based Resources
N - Voltage (pu) Minimum Time (sec) Voltage (pu) Minimum Time (sec)
Pt ) <0.25 0.15 <0.25 3.4*V(pu)+0.15
| HT’T o . <0.75 1.00 <0.75 1.00
S 1 B I B B I = <0.85 2.00 <0.85 2.00
0|01 X 2 3 4 5
i oe ' _ = 0 <0.90 30 <0.90 30
Time (sec) . N =0.90 continuous =0.90 continuous
Low Voltage/High Voltage Duration - All Power Plants INTOFEN Table 2
~ — = Low ‘Voltage Duration — Inverter-Based Resources ,r\/} (_Q_%i}?\
= = = High Voltage Durafion - Strategic Power Plants e [
Figure 1 ERIRFE BN E

* The area outside the "Ne Trip Zone" is not a "Must Trip Zone."

RFMERERBEOETEECTIIBVNTEZAGE
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e MiIZEMTIL. Mandatory Frequency Response & Obligatory reactive power service (CDWT. Wy RI— RICHE Iz EEH]

TOY-—EREMZTFEDH TS,

_mm | mR R RS 5%

Enhanced Frequency
Response (EFR)

Firm Frequency
Response (FFR)

Frequency

Response Mandatory Frequency

Response (MFR)

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN

@ B IR E R e AR RS

OCCTO

« HREIH

WYIREHRIER 2o TS TE,

FFROSRIERETER(CAIRI DL,

&K IMW DISEIRINF 26T 5L

IRSNEE, ZOIBRSNELNIIVOFE /REBECEIRI S (FERSNIZEIK
B ISERENTERITDHIO) -
ESEDIHCEIRECEURBE-RTEMFIBREN (FEReSniced) |« R
IEBICEDTZHICEEIL —ZNMTUTEOMWINILZZEE I ZRENZE T .
EEIEHEES %(LJ:ZDLJ.:.’ZFI’)(_C

1 80 FFR 12y E—EHIR(CHD 2 BRI EOY A hCiEkINsdima. B
—OEE - HIEEOZEL TER - RENEIRETHBIE,

3~5 N—t> bOANF— ROV AFEET I B2, RIL—F3JUyRI—R
CC6.3.7 (Q) (i) TRDISICTEEENTWLD, [REBEBIZYMDIBS(LREDE
ZiE. ND-N=DES1-IDBEFRRBOEEZLE. BREI Y I\iﬁ_(zt}\
I-N—HES1-IOENOEEZILDLE

BRI T 2lz6h. BENFHIHEIS AT A%EL T, FEEAREICL2ESHIR
ZRBHICE 2RI BENTEETHD L.
Primary response -SSRFELENS 10 LIAIIREEINBIEE T, 5220724
BN TES,
Secondary response -EBREENSI0LUARATNINZEE T, E5(C307
g BN TS,
High frequency response -SRFEENS10FUASENMTHN. FEHAR(C
g BN TS,

CC6.3.7
ECC.6.3.7.1
PC.A.5.4.3.1 (d)
ECC.6.3.7.3.3
0C.4.3.4.1.10
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LFS (Low Frequency « Trigger level: 49.6Hz
Static) « Full response: within 1 sec
» Duration: 30 minutes.
DLH (Dynamic Low « Mandatory Frequency Response &ITULV3HY Primary, Secondary,
High) High response O#HGENHEU THAIZENNE

Deadband: +/-0.015 Hz (0%)

Small linear: +/-0.015 -0.1 (5% at +/-0.1Hz)
Full delivery: +/- 0.5Hz is 100%

Full delivery: 1 sec (but no faster than 0.5 sec)

Dynamic Containment
(DC)

Frequency _ :
Response Dynamic Moderation

(DM)

Speed of response: 1 sec

Delivery range: +/-0.1 -0.2 Hz

Deadband: +/-0.015 Hz (0%)

Initial linear range: +/-0.015 -0.1 (5% at +/-0.1Hz)
Second linear range: +/-0.1 -0.2 (100% at +/-0.2Hz)
Max ramp start: 0.5 sec

Dynamic Regulation
(DR)

Speed of response: 10 sec

Delivery range: +/-0.015 -0.2 Hz

Deadband: +/-0.015 Hz (0%)

Initial linear range: +/-0.015 -0.2 (5% at +/-0.2Hz)
Max ramp start: 2 sec

BAHILEEEE HEERRT

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN

OCCTO
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Fast Reserve BEHEEEE. BERNS23 RIS 2 EN DS,
25MW/ D %z#BZ2H L —hThdlE

FlaHld. RAR157 Rt al8E TRIFNIERSRN,
EIK25MWOEHEH B]BE TH DL

Short Term Operating  + RIEIMWOREEFFIEZEUCHEEZOHIRK
Reserve (STOR) o A0 UARDIERADIT s

- RIK2BFEOISEHES

« 1200 AOEIERE THBEINE T 2.

Demand Turn Up o SPNERTIMW, 0. 1MWBLEDYA MBSEST T BENTED, SHIEEZHR
B 4.2MWOLSBAL DY MKRTEDIHEEFEIN S,

o PEMIFRE30EAOEHANTIEET., IEFEEPEEEE. EFA-IIITIE
ATEBRENHNE, BINOEIEIIHERN,

o 1EIDIBRTENBVDIFEIT V> RI— 22 IRH TEEN 2 TSONHEERL. 1B RE
IERICIEINZBZRVEIICT B,

o TONAG-DWIEIARE, IEROFDEXFRE (=T0/\(F-MEREZFTHS
HY—EXORMEE BT ZFTORR) (F. B84 0TONAFI—DRENICHIF T B,
2018 DI (I68F/I677 .

« 1HDS5. H3\WI1LERIDS5. H—EANwmEBLENZEEEEN SV EFRIFE IS,
CNBEFTTPARALSEUT1- D4 R 1EMFEEN, 5B, 98, 108 (B#H) 023:30
~08:30. 6H.7H.88 (E-/85) ®23:30~09:00. +-H -REDF%.
5H~10H®13:00~16:00

« EREEBEFA-ITRITEIN, HR—NEOSMSHTONAF—-(TRESN S, BF
A=)UC(E. XY IEOEME . XDy TN EERBRFRFEN & INT
W3, TONAF—(F. BFA-IICLBIETROFEITHS30UAIC, IEREZIFHD
JeCtZERIT D2 END S,

Reserve

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN

@ B IR E R e AR RS

OCCTO
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Super SEL

BM start up

Reserve
Replacement Reserve
(RR)
Operating Reserve
Negative Reserve
BAHILBREE HEERRS

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN

OCCTO

o FHE1IOMWDIYHNL—LA
SELHIRE TOFERAM SR K6 R

89 LUADBMAA LAT — )L TOIERICIGELU CEEAZBIEE(C T Bfed(C. FEI
e EmIBEE B I3 L. HAM(C(3. [EEARMZIEMETAH(C. HBEI
—yhzIEHET B ETH D,

YR INA(CRBEIC. WO THIEE TOTRAZFR T SEBTENTIRETHD L.
7I'\“JI\7\’5'/}\'((J\52: JO/\151E, 89D LUANICS AT AN\DEIERZ BIEE(CT BIe8
(C. ERUHARME. 1oy M E@IRREICHIF TERFNERSR,

RIEKIMWOAE

303 LIRDIGER R

1553 L _EBe{ExHEIE I 248
T53AV—FI2(FH> P —BMUEL TEFFEINTWRTE

TR
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Obligatory reactive
power service (ORPS)

Reactive
Power

Enhanced reactive
power service (ERPS)

(@) BHILS e E

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN

OCCTO

o FHEHNMEXERFNAOEGSZALLUTENENY-EXZIZHIBH5S. ORPS

OE/HF. JUyRI—R CC 6.3.2 JAICHEEEINTLS,

BMU IHRDZEN 0.85 ENE 0.95 EHDEDEDE(CBNTE, EAZLE S
(MW) ZHHIEIBENTERTL,

BMU DFEF&EEN 0.5 K@ ChHdTE,

EEIREEICHITREENE L 1%, 400KV, 275kV. 132kV BLUZNLHEL

BEDEEEH £5% MUANTHRCFAETERLICTEL,

BMUDEEEREFH(CHV T, AL TECRBERBMUDIGFEBE%.—EICHIEHT

2. EFEICYER I 2B BIRRHIEIS 2T L2 B I 26D TH DL

EBEHICREIRIERE. BE. EFT+A\vFO0+>4 (EDL) SAFLZNULT

TSONSFEBHLIOGESN D, REBHLILEE. 27 UNCEEMVArLAVICE IJL@“

3L3IEREND. COBE(F. RBHOMERERICEEFH N TV ESNEREREN

EFEIMNICRD.

FEEMNMEBRENOEGRMAELTEENY - ERZIRHISI5E. EPRST
(&, FEZNEIIFES (L. ORPS DERARSAMEAFZIBZ XTI NSRBI,
B-ERRMEF. AL TEALINEEAY -EXZN(Sa>TUTHNZEN DS,
FEEME—RRIC, 2 UACREZELBEINERSRVBEMVArLALZ RT3
SIERSND.

BN OIERIGER MEsCEx (EDL) RFTLZINMUTEHHENSFHEH
([OXEEN D,

EREMA. S
+ CC.6.3.2
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® DS3 SYSTEM SERVICES AGREEMENT (CriiZE{F(Minimum Technical Requirement, Payment Condition( NGB
. SNSPZE(CEDEMHENENB) ) NEHSN TS,

® CZMAgreementtJ)yRI—ROBICFENGDIHE . RIMIDBEHDEATRESNTVRVED, Z2OFEOEEH (CHVTI Uy RI—RORE
AN =S R - iy ) [ O N = I B N P N ’J“U‘y RO— RIS TENMET BREN B LUARZZHI ORI (RO TENMET DEENZEBL T
WIS, TSOICESTINSDE- ROVTNATEMFS D4 I(CIERENBBEN DD,

o H-EXTON\/4(F. REZHDEARIT. FRHEIZHBEHSH-EXTONAF I ESNEERRIEE(CAEL), DS33 27T A —EXDIRHICEE
HEI Uy RI—R, BEEI—R, RyRNI=70—-RBLUTORII GREITIEE/NSA—IZETFTCERVEEEEHANDESZSD)
ZIE<FI B,

o H-EXTONAHE. JUyRI-ROZEFEFMEECHIDSIZAT LAY - EXDERSEZEZENEL TDEBNERZ&IET3ET
b\‘@éo

® SSRP (Steady State Reactive Power) (&. AgreementASZHR(CHWNTIT Uy RI— RICHESTEE B TOY —ER IRt ZTFEH TS,

— HiRE HREAXE | RGEE @S

Synchronous FEHAEMISE (SIR) (& PRECEZFAHEREOESHIRILF— + Schedule 4
Inertial Response (BLEZR50HzDIZE) (CSIRfREX (SIRF) ZFEUIZEDTHD. Part A

 SIRF (&, EI1-YbUTEMWEI DRBAHIE I Y MOWT. &/IME 15

. J/AME 45 BTRINEERST, EREMHZBL CRAESNS MG
ZYRDBENICEDVWTREINS,
SIR - BN FEZIRMETETIREMERETLFENE N FIEHZRMHTES

FEIRAEE ENtE U TEIET 2 RIEAMEHE 1Y Mt I BSIRF(E, 4578 (CERTE
INTL3,

« (Stored kinetic energy) x(SIR Factor - 15) x the percentage of
the Trading Period where the Providing Unit is Synchronised to
the Power System

@ )

Organizatio 1 C nal Goordinatio
ranst Op t JAPPAN
OCCTO
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Fast Frequency
Response

FFR

Primary Operating
Reserve

POR

(@) BHILS e E

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN

OCCTO

- EEREFEZILE (FFR) (. EROMIEE 2 UARICHIEIZY S
FTR(CFIFRIEET. EROMIBERA 10 BETHGAIaER. SHAET0
MW HHFEE MW BIRE LB T E BN MW A& MW H
IMDETHD. 2NS5 10 ORI TIRHENZIRABIRIF—(E. 10
NS 20FLDIFRIE T, BEEIOMWHE D EZ(EMWHIFEZE%Z T EIZMW
HAFEEMWHERZEICLD IRV T —DIEEREIDERERIFNUIRSR,
&7 KBEH(E. Active Power Control (APC) ModeTAYRIL—/A5%
BF(CE A

Eirgrid (&, UY—JNJA—. U =T RIL—-T| FFREE, JHF-J257vTH4(
A/RPIH =TI 257y T NG —%EIETES 2. FFR OB RUERNE.
NI =T N — USF=TRIL-T| FFR b1/ N - US-J 25y
PBAZXRVIT =T 27y TNIH—DZEFE (L. Eirgrid MBUPIAALTERT
&, Eirgrid H'BIEERURVED 60 MLIARIICIREI =Y MCKDEEEN
RINERDFER Ao

FHCHIDDRVRD. FFROGTE TERASINSETOHRE iR TSRS
N, BWE(SUTEITRIMBEZZHI S DI CEHUFZENEHEN S,

MW delivered between 5 and 15 seconds

B3 KBEH (3. Active Power Control (APC) ModeTAYRIL—A5%
AF(CE A

U -J(GERUS-T NG - UF-TRIL-T UF-JZFvTHA4 X U
Y-J257vT N —%Eirgrid h538E &N 3. POR. SOR, TOR1 OB
{b- R E. BLVIG-T NG -, UF-TRIL-T, UF-JZFvTHA( X 1
Y-JZAFvTNA-DZEE (., Eirgrid M7ILIALATEKRTE, Eirgridh
BIREBURVED, ZOEKRMS60FLAICIRHAIZY NI L TEITEN
Do

e Schedule4 + CC.7.3.7

Part B - CC.7.5.7
- 0C.4.3.4.1.8
- 0C.4.3.4.1.9
- 0C.4.3.4.1.10
- PPM1.5.3
e Schedule 2
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Secondary
Operating Reserve

SOR
Tertiary 1
Operating Reserve
TOR1
Tertiary 2
Operating Reserve
TOR2

(@) BHILS e E

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN

OCCTO

MW delivered between 15 to 90 seconds

B3 KB53(E. Active Power Control (APC) ModeTAYRIL—A5%
BF(CE

JH-J(GERUS-TNA— UF-TRIL-T, UF-TJZFvTH4 X U
H-J 27y NH—%Eirgrid h'538FESN 3. POR. SOR. TOR1 OBEX)
b\ E. BLVIT-TNIF—, UF-TRIL-T, VT RFTvTHA( X 1
HY-JZA57vTNH-DZEE (L, Eirgrid MT7IAA LATEKRTE, Eirgridh®
AEREERURVED, ZOERIMS60FPIACIRE I YN IO TEITEN
S

MW delivered between 90 seconds to 5 minutes
[E] - K&, Active Power Control (APC) ModeTAYRJL—/A
10%8F(CE

U -J(GERUS-T NG - UF-TRIL-T UF-JZF7vTH4 X 1
HY—-JZA57vT NG —%Eirgrid h538FESNS. POR. SOR. TOR1 OB
- R E. BLVIG-T NG -, UF-TRIL-T, V=T ZFvTHA( X 1
Y-JZAFvTNA-DZEE (L., Eirgrid M7ILIALATERTE, Eirgridh
BIREBURVED, ZOERMS60FLAICIRHAIZY NI L TEITEN
o

MW delivered between 5 minutes to 20 minutes
JH-J(C@EYRVG-T NG - UF-TRIL-T UF-T X7y TH4 X U
HY—-JZA57vT N —%Eirgrid h538FESNS. POR. SOR. TOR1 OB
{b- R E. BLVIT-T NG -, UF-TRIL-T, UF-JZFvTHA( X 1
Y-JZAFvTNA-DOZEE (., Eirgrid M7ILAALATEKRTE, Eirgridh
BIEREBURVED, ZOERM60FLAICIRHAIZY NI LI TEITEN
Do

« Schedule 2

« Schedule 2

e Schedule 2
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HEBAXE | EEEE G

RRD

RRS

RM1

RM3

RM8

Replacement
Reserve (De-
Synchronised)

Replacement
Reserve
(Synchronised)

Ramping Margin 1
Hour

Ramping Margin 3
Hour

Ramping Margin 8
Hour

« MW delivered between 20 minutes to 1 hour
o UH-JCEYRUF-TNIH— V=T RIL-T UF-JTRFvTHA X

Y-J257vT N —%Eirgrid h538E3N 3. POR, SOR, TOR1 OB
b\, BLVIY-TNIH - UF-TRIL-T, UF-JZA5yTH/4 X U
Y-J27vTNA-DZEE(L, Eirgrid NU7ILAA LATERTE, Eirgridi
FIEEEURVED, ZOERNMS60FLUAIIREI -y NI IO TEITEN
Fe

MW delivered between 20 minutes to 1 hour

U -J(GERVT-TNA - UF-TRIL-T, UF-TJXF7vTH/4 XV
HY-J257vTNH—%Eirgrid N'518ESN 3. POR. SOR, TOR1 OE%D
{b- R E. BLVIT-T NG -, UF-TRIL-T, V=T ZFvTHA( X 1
HY-JIZFvTNH-DZEE (L, Eirgrid MT7IAA LATERTE, Eirgridh®
BIRERURVED, ZOERIM60FLAICIRHEIZY NI L TEITEN
Do

B-ERT0/\(HICH A ERE U THS 1EFRIARICHHE 1y MR T
EEMWH D FEMWHIRZEDIEINTHY. 1R ENREUIEIS(C 25

R CE L. INiF. TDO3EFEDOR TRHEVRENER(CL O THIPREN
50

IBINLEMWHE D E LU/ FRIEMWHIREE . EO3FEOF TRHIEL VR
BRCHIPREND.

B-ERT0/\(FICH A ERE U THS 3RFRIARICHHE 1y MR T
SBEMWHBDFZEMWHIREZEDIENNTHD. 385D EEESS(CShF i
FFTEdlL,

IBHIILEEMW D B LU/ FZEMWHIERE (L, 208K E D TEREHRL R
BR(CLOTHIREN S,

B—-ERT0/\(HICH A IERE U THS8EFRIAICHHE 1w MR T
EBMWH D FZEMWHIREZEDIENNTHD., SEFEFFRIBR IS8T
fa1y MERFTER L.

IEINUEMWHE DB LU/ FEMWHIRE G 2D 16K EOH TREHEL
BENER(C SO THIPREN S,

« Schedule 2

e Schedule 2

* Schedule 4
Part D

» Schedule 4
Part D

» Schedule 4
Part D
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Steady State
Reactive Power

SSRP
Dynamic Reactive
Response

DRR
Fast Post Fault
Active Power
Recovery

FPFAPR

@ B IR E R e AR RS

Organization for Gross-regional Coordination of

Transmission Operators,JAPAN
OCCTO

- B-EZT0/\15(F. Ty RI— RORMIEARUMHE 12y bOREETS

B (SXA=FICE> TEBENBHZREURINERSRV, FUyRI-R
(CRENMWEE. HIEI1ZyME. 712/ \WwFrT)L WFPS 04Uy RI—R
(CRRESNEE O TESEEBHZIRHURINERSRR0,
ERENEBNHOTECFERINZETOE(E. J)yRI-RICBIERDESDHH
BRUVPRED, fEREIFRE Iy MBS IR B Iy NRR TSRan. 2N
NDGZEFIER TESRIN 5.

(Mvar capability)*(% of capacity that Mvar capability is
achievable)

OMWTH-ERZIRMHETERCE FFEEEHENT)

AVR #liillz B33 (BNETAMSLUEEREH ThHdIL)

EHVERNISE (DRR) &lF. EHRMIETINBERED. Ham
DNFREED 30%%2BR2EET (VI U TENERZMFET 28D
Tnd. NBELSNZENERDE (L., IHFGRONAFREE(CHULT, Higs
BOERBED 31%[AHHITIRESSOEZNESD (Mvar) 208LED
ERNTBL, BER(E. YI5 ENEERIN 40ms LT D XI5 TA
DEFREIN 300ms ML T Citiaanace

900ms BAAICERRRENIFRE (CLAMHE 1=y MERRDEBEN.
250ms DIAICHFEI -y b MW HAONEZEFIO MW HEDD 1S
&6 90%ICEIET L. RMHIZY ML BHNRMICHENENZMHIELT
WRBTNUERST i BERERDEED 15 DREIFEDRICHES:
SNEFFTREINERSRO.

FFICHIDDRVIRD, FPFAPR DETE(ICEAINSETOE (I Rz R4
L BERIZE . TITRV BEOZEHA(CEHFREMERIN S,

e Schedule3 -« CC.7.3.6
- CC.7.3.8
- PPM 1.6.3

* Schedule 4
Part E

« Schedule 4
Part C
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o FE(EHiipIOhimE NI SEENEN SO FRE FRICRT . ABE)E - B DEAE(CITF SRS - BNBHHIZADEHE
2 SFIRIRE (T EIFRA2EDR)

Type of technology Capability TOR2 RM1
maturity
ARI-E> Gas Turbine - Established
Flexible

HVDC DC interconnector Established
DRW%(ITEP‘ Demand Response — Developing /
C-tR>T, SR | Residential New
BRER. EVE)

DRu{&k(FEE M5 Demand Response - .
B, EEBHS)  Industrial Established

DRUR(EFMFE  Demand Response — Developing /

BHFIBAOXOE LepU New

FEX)

EENH(ES2 ESPS - Energy & Developing /
BFRIT —CRiEMt)  Reserve New

ZEXRCRITA  ESPS — Reserve-Only  Established
G300 HERF)

EEXE(Fa6 ESPS - Long Developing /
iSRS ) Duration New

Sl Developing /
KBz - B VRES New

Capability as a % of

. Low Medium
Installed Capacity

High

. No contribution

Table 2: Capability contribution (i.e. Capability as a percentage of Installed Capacity) for some technologies
(HAT) http://www.eirgridgroup.com/site-files/library/EirGrid/System-Services-Indicative-2030-Volumes. pdf



http://www.eirgridgroup.com/site-files/library/EirGrid/System-Services-Indicative-2030-Volumes.pdf

4. BEGBR - MHRHFORIE

PAISYR

® iﬁﬂ%,u\_C‘TSOh‘\HiiﬁﬁDDl_I:l%%uﬁ/ﬁtn:uu%btb\éiifﬁo)
TOY—-EIRMHEEZBILINENDD. o, HIRATN %Ey&@ﬁ—ﬁl‘@%%ﬁiﬁé’ftén(ﬁ ZOFLATH

&, U-ERTO\(F— (3O TF( 7> AERBICERL, MREETIN

\CNBIRTOY—ER%[E
B IRMHTEREZEIR T ZEDOTIER LV, H—ERCFoTE, FFEDERMETCUMBETELRVEDEHD.

For each D53 System Service, the "Proven List" sets out the technologies which the T50s consider to be proven at this time for procurement purposes. The designation of a technology as "proven” does not entitle any individual service provider to a D53

System Services contract. Each individual service provider must pass the compliance assessment and meet all service provision standards in terms of performance.

Also, while a technology may be considered proven for multiple services, this does not mean that it can provide all of these services at the same time. Some services can onlv be orovided in certain operational modes.

Finally, for some types of service provider (e.g. windfarms, pumped hydro), the ability of the service provider is dependent ‘ S K =~
v. w» d es- pumped inpdrel, y ’ y Fork DE IR £ NS

PR 5 POF, SOR TOR, TOR.RR(S),RRD,RH1,RI13,RIG SSRP,DRR, IR, FPPAPR

(HAT) http://www.eirgridgroup.com/site-files/library/EirGrid/DS3-System-Services-Proven-Technology-Types.pdf

Type of Service Provider Sub-technology (fuel / operational specific) RR(S) |RRD |RMI1 |[rmz |rmaz [ssi SIR [FPFAPR
Coal Em o X o o o x x
Combined Cycle Gas Turbine - CCGT CCGT X X o o o x x
Open Cydle Gas Turbine - OCGT OCGT ¥ | x| x| x x x
Distillate Qil :‘n‘m x X x x x x x
Thermal/Hydro - Centrally Dispatched Generating Unit - CDGU Peat /):F X * X X X x £
wjj . 7_ij Anaerobic Digester / Waste to Energy } \“’(7"ij * X * * * x x
Combined Heat and Power CHP X X X X X X x
Biomass }\\\’(j?Z X X X X X x x
Hydro 7J<jj % X % % % X x
Wind Power - WFPS & Wind Farm 4> RIp— x
Solid State Batteries e.g. Lithium lon EUAEREKIIFINA A ES ¥ | x| x| x x
storage EEF-EI‘L{"‘“ Flywheels (Non-Synchronous) T34 1=Il
&= a1 Pumped Hydra 157K ® x| x| x| = % ®
Compressed Air Energy Storage %};T; * X * * * x x
Synchronous Compensator lﬁl,ﬁﬂ%ﬁ E%E Synchronous Compensator X X X H H x ]
HUDC Interconnector HVDC;\@_&EE D?rect Current 'u'_c!ltage Source Converters - W5C VSC e
Direct Current — Line Commutated Converter LCC LCC
. . Aggregated Generation Units (fossil-fuel based) - AGU 'ﬂjELm*_IEE, o X o o o
Aggregated Service Providers 77 U/j _ |\-|j_ tx Industrial Demand 5ide Units (demand response) - D5U T{?/ N/X/—ﬁ\/z X X X X X
jl:l} \’fg_ Residential Demand Side Mangement (demand response) - RD5M (E%ﬁﬁ/ﬁrﬁﬁﬁ )
Solar Phatovoltaic N dAE I
Solar Power j\(l}%ﬁ‘ﬁ Solar Thermal j(l;ﬁm\
Concentrated Solar %ﬁ‘ﬁ
Ocean Energy ;‘E\;-_:":- Tl %Eﬂigjj
Wave )&jj
Legend
¥ Proven

Not Proven
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® Grid Code CHRE % mlCRkHDHEEEH CC.7.3.6, CC.7.3.8, PPM1.6.3 N, MIZE5ERMOSSRP (Steady State Reactive
Power) £B81%9 3, HlELTPPM1.6.3(A£X)ESSRPHIBEMH (AN ZRT .
® PPM1.6.3TIIFERE(Power Park Module)(CXUiER R COEMEIEENZTEDH TS, SSRPOTHIBEH TIESSRPH—EX

RAE(CHUGrid CodelcEURBERNENMIETEEIE. TIAWDWTESH TV,

/~

\

g—)\E) 7+
(DVVUw FO—-FTESDHSND)

EirGrid Gride Code
PPM1.6.32 Reactive Power Capability

~

“PPM1.6.3.4  Without prejudice to PPMI1.63.1,
Controllable PPMs shall comply with the following
Reactive Power requirements at Registered Capacity at the

Connection Pomnt;”

LDV Cosnecticn VoRage

Available requirements for
different voltage levels

wpltape |pas)

Conmmption (aad] < 0 Pras = Production [lag]

ERRACHITEHREE([CHTIENEBNEMFICENT S,

/~

!

dI—F4UtP—=3>
(DX BR—Ammhiz)

EirGrid

DS3 System Services Agreement
Schedule 3: Steady-State Reactive Power (SSRP)

“1. Minimum Technical Requirements. The Service Provider must provide
Steady-5State Feactive Power in accordance with the techmical requirements of
the Grd Code where applicable and the relevant Operating Parameters for the
Providing Umt.”

“3. Steadv-5State Reactive Power — Awailable Volume, Payvment and

Performance Assessment

The basis for payments for Steady-State Feactive Power (S5RP) is the
calculation of the S5EP Awailable Volume* of the Providing Unit over a
Trading Penod.™

*Available Volume is a finetion of reactive power, min output, registered
capacity. ete.

1. 5—EXTONAS— (&, TUy RI— ROIMTEMS (BWETS
U0 « BLUHHEIZY bOBIEEFR/ (SX—H(TREST, F#
LIRS N IRA LB INIERER.

3.F5IEFZERNE ) (SSRP) (CREFD3THALNE, BXSIHAR]
FROMHIE1 Y bOSSRPFIFRIREENE* DETEICE DL,

BN N BEEREEF ORI

(LBF) BRRICH1FDT Yy RO— ReEIR T E BE R ATEIm)(CBI 9 2FAEZEE, OCCTO JUyRI-RIOT 17 Hf&IRES, EPRI

N

I
)

Y,
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® REBIR(EFHET>VY—Y58) ANCILLARY SERVICES TO BE DELIVERED IN DENMARK - TENDER CONDITIONS
Effective from 20 January 2021 ([CESRBIOBHAITEHSN TS,

o FENFEBHOKRBARE/RILOTIN—T & B TEE7>S S-S -—EXATIBICALITBEETERV, AIFI-EAOKEZIE/ (R
VA K5 BN EROEPECIDNERIEREZ FRIE CERSE(C, HHIEZRII I 2. MMOTEFEOREML —TEICANBEN
5D

Primary o BEAEFEEES0HZICH U TERAE200mHzOERERE TG T2 ENSD  « Primary reserveldBEEIRICITNI. HllE
reserve, %, CNILIEE49.8~50.2HzDEHZEIK T 5. AEFH (& +/-20 mHz A REICIOTREREREICTILITDREE
FCR FEEIN3. I-yhFREEEI-YMNMILOTRMEEN S,

« FlEld. SRR, 20~200mHz OEIRERETUZ7ICHGSNBINERS  « 8BA-)230THRE(021FOMNERE(G
BV EBBUEFRORIFE 15 #LRICHEIEEN. &+ (F +/-200 mHz O +20MW)
FERERET 30 BLUACTES (CHHSESNRIINIERSR,

- BBISLUFERBIT-ICBISMCTENTEDET, ARRZHRF I 22LN 0]
BE CRTUIBSRONY, BRAK15D TRIFNEIRSA,

DK1: o SRR TS 15DECUT - JEBREIIURIFNERSR,
izl o EEECAIEORE G 10mHZ_E TRIFNERS RV, FERECAE DR (L.

+/-10 mMHzEDELRIFNIERSRN,

« MIBESNBEDOSCADAS AT AODEREEF1FPLL_ ETRIFNERST ., EIREN
TAES I ERBURZE (LIBT3 MO IEZ SLER CERIINIERS RV, 4HE
H(E DRKESLAMIES ZREFULRIIFNIERSR,

aFRR o 153 BIAICISET T IdIL + Energinet (&, aFRROEFGEEHEER A —
supply D232 T15ASDHET S, (ST
capability +90MW, EEFT+12MW)

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN
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Secondary ¢ 153BIANICHtETRCE « Energineth5=EUc EABLUTHAD
reserve, « Energinet 01> bO-ILEAH—-DSFERBOLA T OIBIRICA> F1> 7R MBI DHDES(CRIEIDFEEI_YIEE
aFRR N EJEETHDIL, (FF/EI-YM IO TREEIN S,

- A7 -HAUR=N BREFREFEEIZVIDAL>/TIE « +100MWZEBBA-723>T15yAIDE

- RESLREEZEDAIAVRIE (MW) EER

- IREREER FlR=E(MW)

- BEORX ERAE (MW/min.)

- WEO_EAMMRHIREE (F2

- I/ECJRER T FIRE(MW)

- WEOSKA T EAE (MW/min.)

- BEOTIRETER )
Manual o NZ17)WH-J(3. BEEZ 15D UARICTR TR T INELD S, « Energinet®I> hO—-ILEA—(CLOTERE

DTN ZANFELEUIBE(CaFRREFCR-
NZHEFIL. HEI -y hAR B i CFE

DK1:  reserves, o YZA7WIH-J%EEITHE 2 OFREBFEEBREEE. EnerginetdI> b
Bl mFRR O-ILE 97— (LR T U UEF SN TORINERSRV, > -

A—(E DIRKEBUA T OIERICAS SA S TP IZATERINUIIRSRN, SAEBF(EHIPRDIZE NGO AR
- REBEHIL BB >/T7INCEITEIAT—HRALR-b BN DFENCLD L TRETFiRTHd.

- FERITIRERORTEE - BRHOA-7232EBROA-IZ 3> TRM
- ERRICEIPERORBEILIFES &1, DK1BLUDK2(CHEWT, ZEFEFOHR

- NSO RAEFEBICLDMEHRE=

Lik— hrBLSHIEDBHSLUVIRIEIZFI(E. Energinett &R URINIERSR
(A

TGO LU T T RAIAIBET 2 E AL HEEINEIBURFNERSR,
BHA—/>3>TEnerginetZmEAI00MWZ9073 DL AR AFA L TEEAT
%. 300MW%IBZINEE(L. BA15D OISR ZIF OREFRICL O T
FHBENRBIFNERSRV, CORGFTFHNENEIZYNIDOVTIE. TRAI07DEIC
FHF A TRCARINBRINERSRV., CORERLTFHENETIO
Tld. PR 15D EICTTECHEBINRITNERSIR,

BAHILEEEE HEERRT

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN

Bimlc I TeHCBERSNS, DK1TEH
RANLTRESEDEEN, DK2TREFHEIRA

L THREED40%. HRANLTHREEZED
60%MHRtENn 3.
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- BARROLREMZHERT I BIehCnERNF

Properties  + Energinet (. ENRDBZE M 2RI DHOICHEBRKFEOFEZ . 2R
required to ZIBANEHARICBVWTAE I REHEIRTBZENTES, MH(F. ECIERED. B D. TR,
maintain a. BEf{IT BEFITENSRD,
power b. JEEAIT BH. FEOEDD(CRYDEE AT 1-)
system c. BFIHOE#A ZZFTEOZ#. Energinet(ZRDELSBRF 1Y
stability d. Ry NG T, BIREGIEY —EXDA -3 (S N9 A D170
e. BEIREHIHENZD—EXDA -3 3> L [EIRS R E - 0—RkJ0-
f. RO)DBERRT S 1-) 2 FEOE - JEARE
DK1: g. ETHNTFEBE NSO EZRHHE I 2B ENNET 25E. - N-10JR5E
iz il . %ﬂ%ﬁf@ﬁﬁ%/ NSO ZEREE, T RULAINDI AT AT 1T 1%L - HEhE I Fie=
FRHDBEZBELD. CNUIIFRIRARFIS LU/ £ (T HIESR (CDRNBA] BRPICEENMEURBEE. BEMESRI
BEMEN'SBD. EnerginetDARL —INEE TSI B, BACLDEFR]SNTI5 B, BORNMOBZE M 2T I E
a. BHI AT AOTE N ZHIF I 3D ERIFEORBEIBE NS AL R BEXERCEREN TVBHhR
MTOHN D FFRIIEERIRIR TE. THIESIIEIIERE BV @A T ALLZRR REMCOHEREINS,
HIBLSERENDEN DD, SHFEER(FFFREOSRFEIN D BIRERPRD.
AMLE(IRIBERFRRDIO DR BEFERZATF I3, ZDH. IZSHE (L
BAVEHABICAILZITOLORDEN B ENHDET . BHRFOLE =i
FIREHICHERIFE (FIX(E, EXEF(FIRUNESNTEMVArRE) (CBEET
BERBEOIRIF— AT T BRI DSZIALNZRN,
(@) BHIESAEE AT

OCCTO

Organization for Gross-regional Coordination of

Transmission Operators,JAPAN
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Fast  FFR(&. 50HzOEEERELRECIILT300. 400, 500mHzOBEIREMRZ. 34 -« FFRIE SIERECLOTRIBIREURZEC

Frequency N549.7. 49.6. 49.5HzOWVWINH TEENUVEAS T IENHDD. CD3DDA MISIRFREI_YIFEEFFEIZYMNIED
Reserve, T2av(E BHEIGEIRT 3EN alEE. TiRfHEN 3.
FFR R IREDIEELE MEZBZZE. VF-TMMEEN TS, 49.7HZTIEEN TS« EREN49.7/49.6/49.5HZLL T (CRRBE
BEDEALEERFHEIL1.37, 49.6HzDHZE(X1.0¥, 49.5HZTIZ0.7#, BHE(CESHEN. FCR-DA'ZR(CEEFT
B EHHSNEL e (FCR-D) OAREPDIN RSB T DET. fRFERIEET 2FTHR.
RIFNERSIRV. TNUE 2MaKEE S RIEARHIZHRGEL . 2D 1FPRIICERK DA F = (CLEBIT BT, $E(FEH
20%DIEE AL, FILEFEFHEOBHNMREEE30RIDIETE I bZ1T THD. 1FBICEICEIET S,
SHEBN DL EBRT D, Energinet (3. 16FE&HIDOFFRZEH.
D —J (BN 1 5 (CEHESHRIFNIERSR, ERNME ChtsalcLDIZET 3.
FFROIZHOEEECRIEDFEE (10mHZz Lt BiREEHRIORRE(E+/-10 FFROMEBMH (IR Z(C(IFIELRVCENZL,
MHz_ETRIFNERSE, EFDEROEHEICREERD.
THENED SCADA S AT LADTEEEE 1 UL ETRINEIRST . :#IRE
NIAESEEREEUR =935 MORIGZEER CERFNERSR, 44
BB EDRED 1 BBHMESZEREFULRIINERSR,
Frequency- Frequency-controlled disturbance reserveld. L FOZENTERIFNIEE JERE N 49. OHZA T (CRIEIAR T Uiz
controlled RB1R0N, BICEEMNICEEIEN., NI ANEITETSE
disturbance - 49.9~49.5 HzOEIR# CIEREEBH %R T 3. T, FEFBFRONEHHIEZEIEHES
reserve, - SLIAICL AR ZAD50% %z 4HE FT. EBEUEEIT5. BAA—-I>3> THE
FCR-D - E5(225BUATFRDD50%DIEZHFEIT DL,

ERECRIE DFBRE (F. 10mHzIDEBNTORIFNERSR, BIRECRIE DR
E(&. +/-10 mHzIDRRBFNERSR,

MIHEMED SCADA ST ADDERER, 1 LDRRIFNERST 3ER
SNIASS . BIRER =TI 2RBIOILEZECERI BTN TERFNE
BBV, HHaHE D KES 1 BEMESZRIFLRINERSR,

D) I E e AR RS

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN
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7| mm | oems | mmem

Frequency- « EEEEEIS0HZICHUTE100mHZzETOREIRERE CIRIAIT2MENHD. + ENTSO-E RGILERIUY ROSETE/MHE

controlled 49.9~50.1HzD&H, a7y RN RRUTITORIFNIERSIR0\, 600 MWT, EnerginetldZm>50—TEZ|
normal o UH-J(E, RIEE. 0~100mHzOBEKE#ERZE CUZ7[CEHESNRINERS BEMHIEIZEFENHD. Z0FEE.
operation RV, EBIUIEFfR(E. MEOKRETE(CRIHRRL. 150 UAEgZNRINE ENTSO-E RG Nordic2AOREZ (T
reserve, A AN BERTIN-IDREE(CLOTRED, FI(C1
FCR-N o EEAICLFIL -2z HERFS R EN AT RE TRIFNUIRBRR, Bl BET—ECREINS.

« FEREHIHEN OB E &R T REFORIRECAIEDRRE (L. 10mHzEDENT
WISV, BIRERIEDRE . +/-10 mHz JDERBINERS
120\,
- MIHESNMED SCADA SRTLAODAREER. 1 LHERINERST . #IR
SNIAESE. BIRER = I2RBIOILEZILERT DTN RN
- ER5RV, #IeEEFAMKES 1 BRIMESZREFLBINERSR,

=@ aFRR . ILBROaFRRAEOBLHCAIITZTOTFA T, SHURIEEZTIBL

supply
capability

Manual - DK1z=Hg
reserves,
MFRR

Properties + DK1Z=Hg
required to

maintain

power

system

stability

(@) BHILS e E

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN

OCCTO
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o B/ATIBLARERY, HiHE(ERIIC, BE - ENEHHIEILEEICL 2 ERRIIXIISOLDEZHIANTHIEIN IS ENHD.

MLICED L THIE « TR TOMIE T Instantaneous events (contingencies) Planning
= | Inertia** Reduce ROCOF; maintain stability Reserve
MLIZED <G | W< DO OHETHE !
- ." Fafg:fq- Reduce Nadir. Avoid UFLS /\\
ALICED KHE | O &DDitE T REERR i : s Flexible
/ Primary Stabilize Frequency Capacity
ERWE '_ 7 Return Frequency to nominal
] < = Secondary and/or ACE to zero Volt/R -
No cost recovery known E t S Tertiary Bring back to n-1 secure state 9 t/ eactive
ven Control/Reserve

Longer duration events

/

Secondary Return Frequency to nominal Static Dynamic

and/or ACE to zero

Ramping
Reserve Tertiary

Operating

Bring back to secure state

T EEAE

Black Start
Correct the anticipated ACE Restoration
T Manual (Part of Optimal Dispatch)

Non-
Event Short circuit
—~— Regulating Correct the current ACE Contribution

Automatic (Within Optimal Dispatch)

Reserve

**Inertia is not a reserve but part of the
instantaneous event correction process.

Adapted from Ela et al.. An Enhanced Dynamic Reserve Method for Balancing Areas, EPRI, Palo Alto, CA:2017.3002010941.

(LBF) BRRICH1FDT Yy RO— ReEIR T E BE R ATEIm)(CBI 9 2FAEZEE, OCCTO JUyRI-RIOT 17 Hf&IRES, EPRI
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o MIBEMmOFETTE- A& HinEMF(C

Inertia Service

Fast Frequency
Response

Primary Frequency
Response

Secondary
Contingency
Reserves

Tertiary Contingency
Reserves

Flexibility Reserves
Regulating Reserves
Voltage Control and

Reactive Power
Black Start Service

HETEE

(ISOICEDhEFH1L)

Auction-based
market

Auction-based
market

Auction-based
market

Auction-based
market

Cost Recovery by
Tariff Rates

Cost Recovery by
Tariff Rates

- &t —
B, FIREURZORFFER. £H0

TR NI EICLDRFEIREUR
"FH#UJHHE%E@%%LJ:ZDI {(5P)
e

IXTFARH DFFIEZ R

DJE R ERZEA LR AR [EIRER
Z £ BRI EAICEIDESR
REOERSBIREZRST (18
TED LS (CBREFTERW)

© SATLERRBEBIN T SRE

BICLBBREETHD. SATA
[ E e ZES R BIZHDILE

« FHE-XEFHBOFTEIMFLEC

POERSR V)

— R ZIR TP ORICFIA

EEERRHCER

« BAADACEZE/)\IRICHIZ 3128

(CfEA

« BERIICEERNE S HE

« IvI7IMETEEDEIRME

118

CTILFERC/NERCICPRIE) - BAfR 9 B 2t e TRICRT .

_ iR E BB

+ BAL-003-1 + FERC Order 842
BAL-001-TRE-2
« BAL-002 *1 fERI(CIBERIBFET R
« FERC Order
841 *1
« CPS1 « CPS:BAL Standard H0OiStZ
+ CPS2

« FERC Order 827
« VAR-001-5
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® KETEMEENS. 722 IU—HY-—EAhiHE - - ANSRERBNADERZIRFTL CEIRIEBHD.,

IR iR E

Inertia Service

Fast Frequency
Response

Primary Frequency
Response

Secondary
Contingency
Reserves

Tertiary Contingency
Reserves

Flexibility Reserves

Regulating Reserves

Voltage Control and
Reactive Power

Black Start Service

(

OCCTO

» Responsive Reserve
* Non-spin reserve

« Regulation Service

BAHILEEEE HEERRT

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN

Minimum continuous
energy when
dispatched

Regulation up /
Regulation down
product

Frequency of signal
(sec.), 4 sec.
Duration requirement
(min.), 8 min.

« Nodal Protocols
8.1.1.2.1.2

« Nodal Protocols
8.1.1.2.1.1

EIREMF, RS

Nodal Operating Guide 2.3.1.2

Nodal Operating Guide 2.2.7

Nodal Operating Guide 2.2.4,
2.2.8, 2.2.10

Nodal Operating Guide 2.2.4,
2.2.8, 2.2.10

Nodal Operating Guide 2.3

Nodal Operating Guide 2.3,
2.2.4,2.2.8, 2.2.10

Nodal Operating Guide 2.7

Nodal Operating Guide 4.8
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® Grid CodeTHRERfmlCkehBHEE(L. Nodal Operating Guide 2.7, Nodal Protocols 3.15.3 H'. E44(&. Nodal Protocol
6.6.7,8.1.1.2.1.1 ¢B3%R 93, HlELTNodal Operating Guide 2.7.3.1 (Z£Kl)¢Nodal Protocol 8.1.1.2.1.1 (AK) %R
ER

® Nodal Operating Guide 2.7.3.1T(&:&EXR R TOEFE HIHEEH%ZEHTLS. Nodal Protocol 8.1.1.2.1. 1 TEFEEBAICKILTH
BICBVWTHEMNE DHIG(CIDFEEUEAIERIR MG EOVWTEDH TS,

=)V~ AI—F4UtP—=3>
(FJUw FO—RFTEHSND) (ORX BR—ADmHhig)

/ \ .f/ ERCOT Nodal Protocols 8.1.1.2.1.1 \

ERCOT Nodal Operating Guides \
Section 2: System Operations and Provision payments of lost opportunity costs in the
Control Requirements energy markets.

i : If a resource provides
_ _ o reactive power while
“2.7.3.1 Operational Guidelines (h): Except for
Transmission Facilities that are designed to operate outside
of normal operating limits, transmission voltage should not
exceed 105% nor fall below 93% of the nominal voltage
during normal operation of the system.”

reducing energy below its
. optimal operating point.
" the ISOs will provide a
lost opportunity cost,

cBami — sumilar to the lost
o -k opportunity costs provided

\ | \ — for operating reserve. /
\ il Y — k= |

N N = = /

ﬁﬁi@ﬁiBE%%'C‘EM’F@“Z;J:B(ZE&“?réﬂT:EEEE’z"ﬁ’&B%%\ HIBEN IR F - Z2RBEMERLDTISEELRNSEHERNE
BENRFOBEE BRI O ATRBED105%ZEBZ S NEFHEUIIBE . ISOMHE TR U TSN 51
t it(zt95%%i'Fl§l5c_t(i EEUIRL, SEKRIANGFRI RSB RIANGTT B,

(LBF) BRRICH1FDT Yy RO— ReEIR T E BE R ATEIm)(CBI 9 2FAEZEE, OCCTO JUyRI-RIOT 17 Hf&IRES, EPRI
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T N T

Inertia Service

Fast Frequency
Response

Primary Frequency
Response

Secondary
Contingency Reserves

Tertiary Contingency
Reserves

Flexibility Reserves

Regulating Reserves

Voltage Control and
Reactive Power

Black Start Service

Spinning Reserve
Non-spinning Reserve

Flexible Ramping
Constraint (existing) /
Flexible Ramping
Product (forthcoming)
- both are upward and
downward reserves

Regulation Up,
Regulation Down

30min, Minimum
continuous energy
when dispatched

Time Requirement
15 mins, 5 mins

Regulation up /
Regulation down
product

Frequency of signal,
4 sec.

Duration

requirement, 15 min.

BPM Market
Operations, 4.6

BPM (Business
practice
manuals) Market
Operations, 4.6

Tariff 8.4.1.1,
Appendix K
BPM Market
Operations 4.6

121
ISREL, W2

TARIFF APPENDIX V 9.7.3,
9.6.2.1
TARIFF Appendix T 1.8.3

TARIFF APPENDIX V 9.6.4.2
TARIFF Appendix T 1.8.3.1

@ _E

TARIFF APPENDIX V 9.6.4
TARIFF Appendix T 1.8.3

TARIFF APPENDIX V 9.6.4.2,
13.5
TARIFF Appendix T 1.8.3.1

TARIFF APPENDIX V 9.6,
Appendix H. iii

TARIFF Appendix T 1.8.7,
Appendix 7

TARIFF APPENDIX V 9.7.1.3
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BRI fits 24+ | FEB AR OB E 1+ J DA% 5
@%Ea{ﬁllﬂjﬁ

FEEPREUMEE (6/(37)—, #EEHE)

&M - hig]— FOBIT O

-
—
(BN e IR O—/FEEEh
v [EREZEE Y- KEEIHETO
FREERENHENERIILL TS
v HiBI-FEIUEFI-FERIL2FLTEE
SLTLS
v —REREAOOCEERE (BRXS)
EARBROSHT TEEEREU105T
BALTWS
v KIBH-BAO-BED (BRSO
IPFHIT R aETE. BiEZGEHE~H
HEE ~ZIRHRHHCHTS. HEHES
TRIBEE2FL, HIHSE TIBEE 1023

WEEZBNS
GF-LFSM: |f i h 2 L5e T R NSRS . GF AR EA L8 ORI RN
AR | f > (BAZALEEGFIR) v TROOBHI-FTE, £ TORES
LFC-EDC: | | P ; LEFSM: SAE= (G E = Fa2E A njget I amiENREZ120
g=EE < D TieE DS0%LLE (EHE TRl BERETIHENE
i iz LRSS i (LFC-EDC) | EAT(L2ERELHET) v —A.JYEI-FEFEEEROBIFT
i Bl _ 4= N/ LFC-EDC S B2 HD. SHIEIOEX(CWERAAY
/@ mhk —— 1 T EHNAORYICEDBIIELT B0
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(tHFR) 887 JUyRI-RM&FTS BMER &Rl4  (BR-I, 17R-2)
https://www.occto.or.jp/iinkai/gridcode/2021/files/gridcode_07_04.pdf
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%3 RIS AT BB ET Y AT A\DERN I REL BB SCHVTE, BRROBETORIL P ERBEFCOVTE, BiEEs e,
%4 309ER|ALLT, BEENNEL TWSEREEDHEZLETE.

%5 MBETYATAOETERRLEFEERE AT AOEARLR 3 EEF155.

3) 2TOEMICBVT. BRJDyIEM (3ERE/J0vs) TH]ElEha.

(HFR) 6240 FIGHABRTIGIRETINEER BRMmER &Rl 2
https://Www.occto.or.Jp/l|nkal/chouselryoku/Jukyuchousei/ZOZ1/fiIes/jukyu_shijyo_24_02.pdf
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o (>/\-A-EBREOEMYIEZ (Inertial Response) (&, ALK TEPFR (Primary Frequency Response) DR U\aRIg COREEEEL
TIRNHON. FFR (Fast Frequency Response) EBMATLD,

#ILEHARE (Arresting Period) GRS
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NERC Inverter-Based Resource Performance Task Force (IRPTF). Fast Frequency Response Concepts and Bulk Power System

Reliability Needs
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(1) 1. Matevosyan, [Survey of Grid-Forming Inverter Applications] . G-PST/ESTOTEF—>U—X
(2) A. Baars, St. Eustatius: 100% Solar Power in the Caribbean, SMA

(3) A. Roscoefth.

Integration Workshop, 20194
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https://www.sma-sunny.com/us/st-eustatius-100-solar-power-in-the-caribbean/
https://arena.gov.au/assets/2021/06/arena-insights-webinar-advanced-inverters-presentations.pdf
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https://www.sma-america.com/fileadmin/content/www.sma-america.com/Partners/Images/Knowledgebase/Q_at_night/Q@NIGHTWP-UUS134511P.pdf
https://support.huawei.com/enterprise/en/doc/EDOC1100087908/e9263616/operations-related-to-the-special-user
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(1) NERC, [Odessa Disturbance| . 2021598

(2) National Grid ESO, [Technical Report on events of 9 August 20191 . 201949H

(3) NERC, 1900 MW Fault Induced Solar Photovoltaic Resource Interruption Disturbance Report] . 2018%F2H
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https://www.nerc.com/pa/rrm/ea/Documents/Odessa_Disturbance_Report.pdf
https://www.nationalgrideso.com/document/152346/download
https://www.nerc.com/pa/rrm/ea/October%209%202017%20Canyon%202%20Fire%20Disturbance%20Report/900%20MW%20Solar%20Photovoltaic%20Resource%20Interruption%20Disturbance%20Report.pdf
https://www.aemo.com.au/-/media/Files/Electricity/NEM/Market_Notices_and_Events/Power_System_Incident_Reports/2017/Integrated-Final-Report-SA-Black-System-28-September-2016.pdf
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o FARPAL NI TOREREE FRICRT . SHE3ISHE, FRAI- - EEROBEEIIEL DD, EPIY Uy RI— MASTEEH TLK,

REN-2 smart Grid and Microgrid Control for
) o - Resilient Power Systems Project (LU Ha®h
PV-MODI O MY1IAF—241.3.2, 1.3.3) S 25 ADEHOAT— MUy EBEGT1I07 Uy E
#HBOYTIh) @
EHEE 2021 2021
J0O%x 7 ~M)\— | EPRI. NREL. REpowerSolutions CanmetENERGY laboratory. Canada and Sandia National
| Laboratories
BRI INGE - BEREA ) (— Y —OEBRERE B#itA—T V-2 - J\— O P AF)L—T (HIL) 28
- RNMERRLE SERDVT RS, B &UIEEE 1547.1-2020 LVRT.
- HEPRERFEEW RO E HFRT. LFRT. H&UFROCOF RTICET Z@A=4EPV-1 2/
- J\—EZDX — 5 2B MEEREHER
- AEER
- AE—Y4HE
- EENERLE
- ERGHEEOES
- PASLTA LUEE
- RABEER
- HHEHEES
WAHRMAZN =HEIBWRA R A2 (=5 JNO—  N\—FOxFAH)IL—T (PHIL) . 10kWHELT
24kWD=ABPV-1 =) (—4&
- 2 I\—HDifER -1 2 ) — S RGR(IAER 1 )\ —SERIIAER
SZE R

(1)Draft Test Plan and Candidate Inverter List: Adaptive Protection and Validated MODels to Enable Deployment of High

Penetrations of Solar PV (PV-MOD).EPRI, Palo Alto ,CA: 20214, Milestones 1.3.2 and 1.3.3 report for DOE

(2)Ninad, N.; Apablaza-Arancibia, E.; Bui, M; Johnson, J. Commercial PV Inverter IEEE 1547.1 Ride-Through Assessments Using

an Automated PHIL Test Platform.Energies 2021, 14, 6936

(LBF) BRRICH1FDT Yy RO— ReEIR T E BE R ATEIm)(CBI 9 2FAEZEE, OCCTO JUyRI-RIOT 17 Hf&IRES, EPRI



https://publicdownload.epri.com/PublicAttachmentDownload.svc/AttachmentId=74497
https://www.mdpi.com/1996-1073/14/21/6936
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® SSCI (sub synchronous control interaction). SSTI (Sub-Synchronous Resonance and Sub-Synchronous
Torsional Interaction) (. IEEE P2800 Annex C C.3.2 T informative EUTEEEHIN TV, BN TORBRDOEEZEDHEND
BRUOMRETUTLKEELTFESD . REAIDSIRHENCIBERZDEICRHHAITHEER I 2L EN

Inverter-based resource stability

105 ORETEHEDORBEOREFRI, RIEORTE, TBIBHILE, LORBRCEBRAEOIRLL, 2 BEETHESS
SHEHEN B3

3 27 W EDTARIRBORER(CEDS AT LA Y E =SV RAKRH T 2EN TEDN, BAIRIR MRV —RIALANINNS I, RITAIRERAT 3> T
FRVEENSDS, e, 1VE-HF> A% T F2oCBSII> T > HEEST T 3cEHu]EE. UHU. Subsynchronous instability (Cx1338k=h\2 1z,
EZEI2NENDS, RHEII>T YL, WEERMEEESH, B4, BEYR—MENREOFmNSI AT LA#EZE FEE3dDFEERY1—
2AERITWS, UNU. BEAIC T HZFIB 3558, SATLADRZEMHZEEIINENHD.

Subsynchronous instability involving transmission elements and rotating machines

IRE RO DIER R BADEB/ER(CBEET 200U T, 2IEBDIFRHIEE/ER : BIRRARIR (Subsynchronous Resonance: SSR) &
REMFHIEEAIRE) (Device-Dependent Subsynchronous Oscillations: DDSO) H'$%%.

DDSO(&. 4—E>HEMEB N RFOEZRTIEI DHHEEERELOEEERN DS EIRINDIENDD. B : 1>N\—F—FlfIaEEDOS-E>FE
BEORUDHEMIREIE— ROBI THRETS. (BREHANRUDHEEBESER (Subsynchronous Torsional Interaction: SSTI) &N 3)

SSRId. FEBHMOXEBRAOEI 1T S UNHIRUCESICRET D, IEROBIARBH TR SN SSSRIE, ESHEINIOXERFOOBDI -
FEHOILUDERIRENIE — FEOFEDHRTHD. TOMDSSROBIE, FHEFRBHINR (IGE) FL(FBCHIEELFENSILEHS. IGE-SSR (or
self excitation of induction generators) (&, EBIREIFEHAHIRTHD. 5 SFHBHOS vI MBEMHS AT LLEZBBRNR, ZOH1T DI
IR(d, SERICRERBHROBBIFIELEIRECLOTSIERIENS. BCRBIEIGE-SSRIL, B51>7 Y NHREHRBDIEN A >F V5L
&l FI AR AR T HIREIES Z FZAk L. RIUEIREX CRIBOMHEIN ARSI E(CRETD (B FRITRIGGEERBHOLIEE R, [Ok05kD
DIEEHZ EEEIZEEDEICEN5D)  CDLIBSSR (IGE-SSR) (& BVOFEEH (WTG) THRAL. REFEEZRIPIVWTGESIATIIL
WTGTH%. TDIEME208%0. (i) 547 III O WTG TIRAINTLSHEREHKIZ (BEFZELT) BEREJRMICERIN LSS, BT
SHIOORBNDIEPRDBEEN G DL WD > 595> ALEFI> T Y OBOIIREBIRNE B ITHEIISNSIL  HLU (ii) 917 111 WTG DEEF
LR FORIBEFEOEREHNEOIY/N—45-NEEEF ORI KITZ SR CIER T HEEANGDINT GRERBHOBIEDBOMRICLS) | BlIEF
RAINS R TEMREDEFZIERSE S, UIh DT 2N -F-HIflICLBIER(CRERBDI S ELTMENENSE, NSUANBNALECES. COfk
. WTGICHEIFBZDSSR(FE. UFUIFSSCI (Subsynchronous Control Interaction) &MEEN TS, FAROEDIFIR(E, BEIFEHENIGEERE
EBHCBESIHEOBTSHS. 2UT, N-F-FIHran > ESI0EBRRIRREER D, &z, 4TI WTGHIL /N =F—#lfllcd T, COREEZED
BCEERM I BCELBIBE T D, F1T 111 WTG O SSCI (3, IGE ZIRERBENTHD, 447 111 DFG BENFEBFAOBROER(E, 0.5 KRG T 4
pu L EIC ERIBTENDD, COLIBRIRRICIF, AU —EIEOEMTET V> (CL25F N DIEERATNNRE THd. 91T IV O WTG, NyTU—AT
BB, STATCOM, SVC REDMD/IND-ILIMIZIAER(S, RIRCASEE S X 5HIHHEBEFRIRRZSISEIUREVIEEREBRVN R
WIS PO—-S DG ERRIE (L THITEME B FFAIRR(CHESS THhH PIHEHARAREL T D,
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Subsynchronous instability mitigation
AIN-A—BIROY TS I0F ARNLEHCBIET 2BF(C(E. LUTFHSDDN. INSICREEINZEOTEIR,

A JREFITS T Y : B SLEERORRR L EIAEIIT 5, B YR\ (RIBENUFUEERENS. UL, ZOAT
S RERT A, BN LUAEETIECEE R TR OMORERAOR Rl T 20BN DS, £ BIRBREELE 30 Y47
VB CRAET AR N BB, BHIISF IO/ ORE TS SBEN 5.

A=N—(C&BIYMO—5—DZE : FIADA SN\ —F—BFEXA—N—(F, I> O—-SICHF3RIEA L EMHEFIEEZRFEL TV\S. T3V IRYIADA>
N—9—HIHIEMTET )L TEIRIEIRER R T > 2 KL #R 2 BREIRERTDI VL) DFABZREEE TE D, 21— A PERBDIRAT ATARLZEML L
DWINERERENIHE . S AT LAV E—T 2 ADIERE X—N— (ML, TNHFIHOTE ST (CLZEDONESNZEHTL . HliElz BRI EEEAT
B3, BT OB OA VN5 -BRNGHIHEE . D1 >N\ -5 -BROZECECSHBRHIC, IRTOA2/N-5—EIROI> M-

S—0OF1—-Z>)ZFHRICEDHINENHD.

BIRHALERE | REDAON\-F—BRX—H—3. BIEPALZEEZRHBUEEICA SN —H—BREMEH I HREMEEZFHFEL TS, NyTID
1IN —EBROBFENEREIN (FBEOREEZS ST IEEMENGHE . BENLEZEZTMMI 2 ENHD,

FACTS $ELXBOMEN : il HUVEISOENN, Fd SVC, STATCOM 0&5% FACTS (3, MEEIREL. MRMCIERMIERE TR
IR T BLOIERE EN BTN ®S. UL, 2R CORBRNZ . I NoEL s, RENFEENS,
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® HVDC System ZMREVTIRELTCVBEIL, FE LD RI7—LNZVEE., (LT R, KEIZIEEEN RAZL.

® ¥ U RI7—AICBIIRFELEZEMNSPEMOZEEMNMF COBMOHVDCIERED S EE MREL TS, BADF LA TIEFER
[CHVDC System HEIFHSNH . FIARFTESEEENNS.

o EHASTHS. REFERTIMBHOREECRODDIBH TR BEFRIEICZHIDIEDEEBNNS,

° IET‘?Z/J TIARFT THRRETU TLBHVDCIIALBENS ARMADIRE TIRETU TLRBDTHD ., RFOER M B OISR (FEFT

52 @) TIXRRL,

° Elzlswiﬁﬁf@#ﬁiﬂb\& Bl E BB Z(CS5H D DITIMENEZIEIEL . SHE (B OREEANREEEEZ DO E(CDVTIBIRIN

ELUTLKCEELTIEESD

MEANET (BEZ) : =E
__paragraph | A®
ECC European Connection Conditions : EUEMRERIRCIESID EUDRESHEE. £z(d HVDC SystemA—F— ZXHREVIIRIE

ECC MINIMUM FREQUENCY RESPONSE CAPABILITY REQUIREMENT PROFILE AND OPERATING RANGE FOR POWER GENERATING MODULES
APPENDIX E3 AND HVDC EQUIPMENT

7 gﬁﬂ;gg@ggtﬁﬁmﬁ
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F FEADFEF FRESEEIREVTRENDIE E LV FIr—MNWEWVWRE] TOY—T REIFIEEENRIZIL.
F LRDC I DEHIEARR(CPE FRADEED,

P ¥ FEBICHARCHBITIRENSDFIEIERINEERTINFIERESD ITADFUIe ETREIBFEDOARERIEVGDE(EE X (KLY,
HARORRER MBI TE. JE ERDDOHDEIITIBLEFETC. BEFFOEHOPTE FEAICHEHMEL TEEE I AN ENHN
(£, EBIFAE - BB R - %E%i]‘%ﬂ’ﬁﬁ%ﬂb(%ﬂ%ﬁ@“é:&tb((&&‘ﬁb‘o

MEAST (BIEE) : BRINRFG. ToY—Y (7Y —IERIGICHUERFEDEMHASZHEC. 7¥ LIFRFGEEID)

6 Offshore power-generating modules (&. HVDC#&#t T/2L\BRD. onshore power-generating modules OZEAHIESURINIERSR,

24 ACEX offshore power park modules DEIR#EZ EMHCRIITZEM(E. P EFERMOEM(Article 13.1-13.5, 22U 13.2.(b) ZFFR)(CLB.
25 ACiE*% offshore power park modules OEEZFEM(CRITIEMF(L., BEERERMBOEH(Article 14.3, 16.3, 20.2(b)- 21.3, )lc&3.

26 ACE% offshore power park modules OO/VAM4(CBEF 2E+(&. P& EFREBBOZE/F(Article 15.4, 20.3, FRT(& 14.3, 16.3(a))(C&?,
27 AGEX: offshore power park modules OFRFIEIRICEATIEMHT. P2 ERERMOEM(Article 14.4, 15.5)(CL3.

28 ACEX% offshore power park modules D> A7 ABR(CRITIEMHE. FE EREBRIMBOEM(Article 14.5, 15.6, 16.4)(C&3,

MERE (Hifg) : RE

Offshore Generating Unit, Offshore Power Park Module (EID&SRIERIHAEIRICPES Y. BIRAFREBHEITR)CEITIEML.
Connection Conditions (*1), European Connection Conditions (*2) (CE2&k.

*1 WERNRFRICIERS I D0nshore, Offshore OFE&1E. ¥ _HXEBSECHT I DIEHmEA
*2 EUEPRERENSRECIERE TS Onshore, Offshore OFEEXME. HVDOXE % m(C X I diEh 24

Connection Conditions Ic$l1% Offshore il 2 E4 DI

FEASEE LB OBEMHHD (CC 6.3.2 ()
/B % EREERIR AR ECE X SORHSD
Bl EZE B3 T RE Offshore Power Park Module (50MWIX_FOFEEFRICITL TESKHN
R BERLELERATHS, OffshoreDBA, ECABRAL TSN BHTBIE.

Offshore Platform OIRERIETRIZESDIRTEDD.
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® JTEZaxfn : BRI DIMBFFLEHC. RETETAYYRLUARSRICBIFZEM, FAIVS5> RTESTEI—R-fEHi1—R
O—#B(c. Vv RI—FXERNTRELTVSEDNHS. BADRFHERBAMTELHISME T DH THD . RE - 7L 5> REFBLD
MIZEKEEIE T DIAEE, HIBAIOBIHTTRIEG SLELTIEDD

- Z[FE National Grid

National Grid £7>3 3-8 —-EX%Z2#ILTL\% Demand Response Providers (CXiULT. ‘Demand Response
Services Code (DRSC)’ (*1DWITN—DF(IEEDHEERIEML) 2w RI-RXERNIREL TV, ZHILTVRVEE
ZKICITBRAULBV, FRHOTIBEF IR B IAREL TLVD.

*1 (a) Demand Response Active Power Control
(b) Demand Response Reactive Power Control
(c) Demand Response Transmission Constraint Management
(d) Demand Response System Frequency Control
(e) Demand Response Very Fast Active Power Control
« 714IL3>K Eirgrid

Demand Side Unit Operators ® Demand Facilities/Demand Side Unit (BE#E(E75U5— s 4AMWEBL L) (SHUL
T, §HEI—- FEG(GEEIR - HIEHE— MBI BIEH) LiEH i 1— FREMF(DRIESIEFOMW Response, Maximum Ramp
Up/Down Rate, Minimum/Maximum Down Time, E#xERE/ BT/ DEREEH], WRHIZAHE )2 yRI-RXER
(CHRELTWD, BB, 7> IV—H—-ERCBETIEML. DS3 System Service Agreements (CRRELTULVD.

« K[E IEEE1547-2018
afr (E—MRYTE) [JBRINRV. BHRRCEE NG RERRE MO JUVBENME SO EELER
(DER) (GEIFAENS. EVHV2GHLEE2 B I 3I5E(OEAHIN S, IZIEU. KEICBVLWTV2GOE A (F. FEENHTREN TH D,
« KX[E FERC Order No.2222

TANYRLARSRICHIA T 2EE - DI EROMIZS ABEELRSRVES, RHERB (I DRE THO. JUy RI— &5
S ROFEEFHECRODEAMEMA TEFBV. BESLUVRERFEZSODEROBSENTHIZEMELL TT(YYRLVARIZ(C
BHAI DL AGBL TS,
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® 715K /Eirgrid TiZEM4TOIRES!
o FEMEMIZBEMRSIRFDSEZLTBLELTUIESN Ty RI— MRS TEFTRER B COBMHNTEDLEBARETCES,

3.3.4 Demand Side Units / Aggregators
The following requirements apply to DSUs and aggregators in their provision of FFR,

POR, SOR and TOR1:

e Aggregators must have the capability to remotely enable/disable services at all
Individual Demand Sites (IDSs).

e The Providing Unit’s aggregator must stagger load reconnection on IDSs to ensure
inrush currents do not cause a spike over the pre event load.

e The Providing Unit shall not declare down its availability in real-time during a
Frequency Event. In the event that a Service Provider becomes aware of issues
related to under delivery in real-time, the Providing Unit shall declare down all
affected service volumes by the relevant amount. The Providing Units’ Real-time

SCADA availability values shall reflect the MW response provided in all cases.

(HiFf) DS3 System Services Protocol - Regulated Arrangements, 1st May 2019, Version 2.0

7 gﬁﬂ;gg@ggtﬁﬁmﬁ
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o KEICHIFZEBRIBOTIZSINMAIRELLLT OED., RFFHREEMEFE(EINIITAIL T MHZ,
JERDISO(CH T B XRAFiEGEHATD

2019E9AHICISONEBAHVUY —REUVTERTIE ITFRIILF—EB AT LADRE
BNEE. mETFREEE (MW) JliChfEEuLEEn Energy Storage in
_Interconnection Queue
— IS0 ~Capacty [ No.of
5080 YISO (MW) | Projects
"SA700 = CAISO 31,947 127
/ ERCOT 3.680 47
! PJM IESO 41 6
§ 301.90
N\ ISO-NE 2996 24
CAISO \ : MISO 2,586 52
- 4M OIS% NYISO 5,769 55
ERCOT 1
19420 “Boo PJM 5,784 110
P 6, 7
(Source: EIA Form 860) (BTMZEL\ DH'EL) = i :
Total 59,599 497

o BKERE (PSH) : KEDISOHFEHIEOERICSE L TL\B
- Bk BTE) /REEBHOSINE S U TER ICH— E XiZHE
- PIM -KKHWREFRBEEEE(CEID IX haR/IMEUBESOCZ#EIRT D
« ZTOMDRA KL —= (B, BEM, TS5AKA1—)JL) E(CISOFAREMIGMIT
- ITHRILF—ZMDT7> S —H5—EXREDZHDY T MO 7 OHIR
- BEeSNEIRIILF—FHEICH LT, ARY—EXIREEF
- @E. 159TEEOIRI/LF—#faER
« CAISO NGR (Non Generator Resource) *-BEXHBENSEAREEF COIXRILF—AT7—H—T
*FEHDWVNEERE U TGERRIERUY —X

(LBF) BRRICH1FDT Yy RO— ReEIR T E BE R ATEIm)(CBI 9 2FAEZEE, OCCTO JUyRI-RIOT 17 Hf&IRES, EPRI
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NYISO PIM SPP ISO-NE MISO CAISO
==l 1. FEAEOERE L. 200Bl20STETILRERE LTS, SlTETIL (/) (vU—) SIBESETIL (F : PSH)
B : ESRIZHGER (CRHEOEETES ; PSHU Y —Z L EEMELNFEENS 6. BCEETSIAELNES
2. ESRIFTRILF—hiR. F5U—this. EBRHIBCENeESE (BYTIES0H)
B : FERC Order 841(C LS EFREIF
ESR&ELR; PSHIZE UESE®(IC | ESR; PSHS > T%H | MSR; PSHZS 4. | CSFs & BSFs ESRs NGRs&PSH T
ERIMEOATF—EREEYT | BAEBRECEEEE | QUBHEHICKRESNE
SCERTERZN ik MATF—ERBETEZ
EETETAN
FooL5U—48 | 1. FFRTOIS0E. ESRY. . FLiSU—H—FIoiRBNEGTEE TS - A 7SMic. R Tlr 7 IcRHEDSESR (capacity de-rates ) Ml
—EA HEraElL (I —Z251 )L E2sBLsETC) AEANEETMIOL S F 2SS —EAasiB 3o &30 0LTNS.

B : FERC Order 841ic L 2ERKER

1EfSE : 7ooSU—4H—F | @TROERETS 1B5ME$ ; MSR BSFIZ2024EFTDARDE | 1EIRGE#ET ; ESRICL | BIBTHIB T3 164,

Z[ZSOCEIRE— F(CBEL < ESRIZ, UFILEALT | (Market Storage LTHEARRETS S | SHEBOBEARIF | UPILY LHETHE

RTTL A —45—DSOCEHE SOCEERT SXEN'E | Resource) FTFILF | TSR ; CSPOMEE | JLF—EPBOFIBRE | 0.5HM#E; 7225
3 ; ESRIE. TFILN— | —ZA&5Za—-I2LTF | MEEFEErT mthoaE) BETHENES. N—H—EFIZxEETS

e L ICEB TR E
RETSCLNTESD;

BB FRATHEC
#1019 3ESRIE. THIL
F—AT T2 EDE
ETD; WULVIETTIL
Bt::— DU—AE—FO#E

SESU—H—ERER
BTE3H. TrLE—
AT A

ML —MMET (FasSU

—H— P A0 318
fl. DARDF =S —H

— DR (0. 2585
fe) ; EARPRECSFIE.

H—J8J54%FR

LT, UHF-—JrREEhsH
. TFILF—EliriEg
TECENTES.

NGRIFSOCET L A—F
THELzIthERsa
LY BiERE T T ILE
— IR R L8
. NGROMEEMIEH
RBEns

BSF — binary storage facility (1ISO-NE)

CSF — continuous storage facility (ISO-NE)

SER

ELR — energy limited resource (NYISO)
ESR — energy storage resource

MSR —market storage resource (SPP)

NGR — non-generator resource (CAISO)
PSH — pumped storage hydro

EPRI, "Storage Integration Efforts in the U.S. Wholesale Electricity Markets -IESO Energy Storage Design Project “, 2020
https://www.ieso.ca/-/media/Files/IESO/Document-Library/engage/esag/esag-20200326-EPRI-presentation.ashx

(LBF) BRRICH1FDT Yy RO— ReEIR T E BE R ATEIm)(CBI 9 2FAEZEE, OCCTO JUyRI-RIOT 17 Hf&IRES, EPRI
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T N N N

1

Network Code On
“Requirements For Generators”
- Evaluation Of Comments
(2012/6/26)

Network Code For
Requirements For Grid
Connection Applicable To All
Generators Frequently Asked
Questions

Network Code For
Requirements For Grid
Connection Applicable To All
Generators Justification Outlines

Network Code For
Requirements For Grid
Connection Applicable To All
Generators Requirements In
The Context Of Present
Practices

Grid Connection Stakeholder
Committee

BAHILEEEE HEERRT

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN

OCCTO

https://eepublicdownloads.entsoe.eu/cle
an-
documents/pre2015/consultations/Netwo
rk Code RfG/120626 - NC RfG -
Evaluation of Comments.pdf

https://eepublicdownloads.entsoe.eu/cle
an-
documents/pre2015/consultations/Netwo
rk Code RfG/120626 - NC RfG -
Frequently Asked Questions.pdf

https://eepublicdownloads.entsoe.eu/cle
an-
documents/pre2015/consultations/Netwo
rk Code RfG/120626 - NC RfG -
Justification outlines.pdf

https://eepublicdownloads.entsoe.eu/cle
an-
documents/pre2015/consultations/Netwo
rk Code RfG/120626 - NC RfG -
Requirements in_the context of prese
nt practices.pdf

https://www.entsoe.eu/network codes/e

sc/#gesc

BATORIGICINTRIREADIA b, BRIADENAIEIREEFERI
SIFOBIHMEDEFR(CEI I B1BHREHDERBNDN D,

15 Type-COBFHIDOWTIFZEDIA> ’pD, (H : FSMFRT
REICEELT)

Network Code® RS MRICHUT/N\TUw XS M= F 4T, 2D
NSEER] - BIZEEZ/EILED. MEESHIRRLRN R, HIE(CRE
IO —ASAYREER]. BT (C(E LB BRI R EBRINZS L\,

TNTNORIGERIFHIONT, ERMAFZERMADH—RHLITZ0N

BELANVOEHCEEDDDMN DOV TZH M EERAL TV, TEC

DEAOVTOZ S MRBAGHIERFEDFEHREL TSELLRD5D,
ROCOFM#4. LFSM-O/U. FSM. LFC. 1 Z{bL— MR, %E
LB, 526> 7 HlH

RfFGEMDS5, E(CExhaustiveBE4E (FF—Z4F) (CDWT. Bl
ZETOERBOFERAERELDEVEBEMRICDVWTEREAL TS,

CEHLE R EEEE . FSMOSIE. LFSM-0/U. BIREUR FiFOSR
RESETIRE. EEEEEFH. FRT. EXNEHIEICRIIT 2%
24)

HUyRI—RICEIIBESC(FRINZAT IR —FZES)DWEBHA K,
REASDSEEBRESEEDD, 2016/9/8hE—ORAEDIERR,


https://eepublicdownloads.entsoe.eu/clean-documents/pre2015/consultations/Network_Code_RfG/120626_-_NC_RfG_-_Evaluation_of_Comments.pdf
https://eepublicdownloads.entsoe.eu/clean-documents/pre2015/consultations/Network_Code_RfG/120626_-_NC_RfG_-_Frequently_Asked_Questions.pdf
https://eepublicdownloads.entsoe.eu/clean-documents/pre2015/consultations/Network_Code_RfG/120626_-_NC_RfG_-_Justification_outlines.pdf
https://eepublicdownloads.entsoe.eu/clean-documents/pre2015/consultations/Network_Code_RfG/120626_-_NC_RfG_-_Requirements_in_the_context_of_present_practices.pdf
https://www.entsoe.eu/network_codes/esc/#gesc
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I - N -

6 Issue Logger https://esc.network-codes.eu/ - ESCTEMmINIEBRISBIADSS. BERECAXIINELHENT
EIEHNCC(CRRiREN . BREADBIZLIZICEEHEIN TS,
TOPICHRIGEEEEN TV RN Uy RO— REAZROZER Cddd.

7 Action List https://eepublicdownloads.azureedge.net * ESCTEimNEA—T ZEOERYR N

/clean-
documents/Network%20codes%20docu
ments/GC%20ESC/gc_esc-
action_tracker.xlsb

10  Electronic Interfaced Power https://consultations.entsoe.eu/system- * TF&aEICDOVWTERBALTLS (Introductiond&b)
Sources (HPoPEIPS) development/entso-e-connection-codes- ‘BIRAIN-A-BIR) OREEAHEIRFGL VI ADRRE
ENTSO-E Guidance document  implementation-guidance-d- - RBMER T ADXI U HETREE
for national implementation for 3/user uploads/igd-high-penetration-of- FHHEEROBAPCEEHFF N OER T (CRASND L RIFM IEDIR
network codes on grid power-electronic-interfaced-power- T REEADIT AU A ETREE
connection sources.pdf JFRBCCNSEREN RO RBDIGFIDIFE S E

BELANTRARIANERE(IMEINEIFES D555

11 High Penetration of Power https://eepublicdownloads.entsoe.eu/cle  « GFC(HUyRIA—Z>42)0—9)FHiBSE(TG HPOTI=AILLR—
Electronic Interfaced Power an- ~)
Sources and the Potential documents/Publications/SOC/High Penet  -BIRMA>N-4-BREWLKICHSIRRLZEHORIEEGFCO--X
Contribution of Grid Forming ration of Power Electronic Interfaced P  +GFCICR&bS5N 245
Converters Technical Report ower Sources and_the Potential Contri -GFCIHREDTEZELIER

bution of Grid Forming Converters.pdf -GFCOIAXb
REFAELTOREAI>T>H—(SC)
-GCFMBEDLEE T A NG

BAHILEEEE HEERRT

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN

OCCTO


https://esc.network-codes.eu/
https://eepublicdownloads.azureedge.net/clean-documents/Network%20codes%20documents/GC%20ESC/gc_esc-action_tracker.xlsb
https://consultations.entsoe.eu/system-development/entso-e-connection-codes-implementation-guidance-d-3/user_uploads/igd-high-penetration-of-power-electronic-interfaced-power-sources.pdf
https://eepublicdownloads.entsoe.eu/clean-documents/Publications/SOC/High_Penetration_of_Power_Electronic_Interfaced_Power_Sources_and_the_Potential_Contribution_of_Grid_Forming_Converters.pdf
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13

14

15

16

Workshop on High Penetration
of Power Electronic Interfaced
Power Sources and the Potential
Contribution of Grid Forming
Converters

Need for synthetic inertia (SI)
for frequency regulation
ENTSO-E guidance document
for national implementation for
network codes on grid
connection (2018/1/31)

Fault current contribution from
PPMS & HVDC ENTSO-E
guidance document for national
implementation for network
codes on grid connection
(2016/11/16)

Rate of Change of Frequency
(RoCoF) withstand capability
ENTSO-E guidance document
for national implementation for
network codes on grid
connection (2018/1/31)

Limited frequency sensitive
ENTSO-E guidance document
for national implementation for
network codes on grid
connection (2018/1/31)

https://www.entsoe.eu/events/2020/01/

30/workshop-on-high-penetration-of-

power-electronic-interfaced-power-

sources-and-the-potential-contribution-

of-grid-forming-converters/

https://eepublicdownloads.entsoe.eu/clea

n-

documents/Network%20codes%20docum

ents/NC%20RfG/IGD Need for Synthetic

Inertia final.pdf

https://eepublicdownloads.entsoe.eu/clea

n-

documents/Network%20codes%20docum

ents/NC%20RfG/161116 IGD Fault%20C

urrent%20Contribution%20from%20PPMs

%20%20HVDC for%20consultation for%

20publication.pdf

https://eepublicdownloads.entsoe.eu/clea

n-

documents/Network%20codes%20docum

ents/NC%20RfG/IGD RoCoF withstand c

apability final.pdf

https://eepublicdownloads.entsoe.eu/clea

n-

documents/Network%20codes%20docum

ents/NC%20RfG/IGD LFSM-0O-U_final.pdf

- SECUE OB AL LOTIERY

- MfROCOFZKIE(L %A

- BIROROCOFTMm AL
- TSON4ERI BMROCOFEDA!

- BIROMROCOFEDT A M TEEDH!

HOYRIA—Z>2J 2> )\ — A4t REE
2020/1/30EEDTG HPO—I33vTTOTL L ERADY I8
N,

SELUEMEC DV TOImplementation Guidance Document

ANEEDOHEMEICONT
-Fast Frequency Response(ZROCOFIE KIS TER, FEN

BIENRIRITHD.

RORZEMECFREIT D, (Bt
ARA DN =5 (o3RS IENEAUSEBIRS T (Ldf/dHEZ{E
SH, df/dtD@EENREHRIFEELL Vesd)

- RRLTELDIDDT VY RIA—Z TIN5 —DiEF

PPMICL 2 EPEE RGOV TOImplementation Guidance
Document

HPEEE R (Fast Fault Current) DZF5EE DDV TOE =LA

ROCOFﬁﬂ1IE(CDL\‘CCDImpIementation Guidance Document
S |={dESpE:

LFSM(CDWWTOImplementation Guidance Document
LFSM-O/UEEDBERIICOWTERBAS®D.
RFGICIFEEEEN TLVRVLFSM-O/UDISERFEIC DWW TERBASHD


https://www.entsoe.eu/events/2020/01/30/workshop-on-high-penetration-of-power-electronic-interfaced-power-sources-and-the-potential-contribution-of-grid-forming-converters/
https://eepublicdownloads.entsoe.eu/clean-documents/Network%20codes%20documents/NC%20RfG/161116_IGD_Fault%20Current%20Contribution%20from%20PPMs%20%20HVDC_for%20consultation_for%20publication.pdf
https://eepublicdownloads.entsoe.eu/clean-documents/Network%20codes%20documents/NC%20RfG/IGD_RoCoF_withstand_capability_final.pdf
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18

19

20

21

(

OCCTO

Frequency Sensitive Mode
ENTSO-E guidance document
for national implementation for
network codes on grid
connection (2018/1/31)

CNC Revised IGDs for
consultation 20201201

Task Force Overfrequency
Control Schemes -
Recommendations for the
Synchronous Area of
Continental Europe RG-CE
System Protection & Dynamics
Sub Group (2017/9/14)

Task Force Code - System
Dynamic Issues for the
synchronous zone of
Continental Europe
(2017/9/26)

Frequency Stability Evaluation
Criteria for the Synchronous
Zone of Continental Europe
(2016 Mar.)

BAHILEEEE HEERRT

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN

https://eepublicdownloads.entsoe.eu/cle
an-
documents/Network%?20codes%?20docu
ments/NC%20RfG/IGD FSM final.pdf

https://consultations.entsoe.eu/system-
development/entso-e_cnc_revised-

igds november 2020/user uploads/cnc-
revised-igds-for-consultation 201201.zip

https://eepublicdownloads.entsoe.eu/cle
an-
documents/SOC%20documents/Regional
Groups_Continental Europe/2017/1709
26 RG CE TOP 08.1 D.2 SPD Codes

TF _v6 Overfrequency Control Schemes.

pdf

https://eepublicdownloads.entsoe.eu/cle
an-
documents/SOC%20documents/Regional

Groups_Continental Europe/2017/1709

26 RG_CE TOP 08 1 D _1 SPD_Codes

TF _v5 System Dynamic Issues for CE.
pdf

https://eepublicdownloads.entsoe.eu/cle
an-

documents/SOC%20documents/RGCE S
PD frequency_ stability criteria v10.pdf

FSMICDWTDImplementation Guidance Document

20184 (CFinallike L THATENIGDDEETHR RS T M2020412
HoDConsultationzZR) TH3H. 2018FROABEFEALE
DOTHSINAF—REET

D RECELDIsland RRE(CHSI T U ICAHEB R (T2 B T — XD
Over FrequencyH( EZ HHE I DI DHEREEL TDLFSM-0ICD0)
T, HERESTEZFRAL TV,

SG SPD(Sub Group System Protection and Dynamics) T3
HEL TLWBTF(Task Force)DLh— MIEE%ESRBAL TS, SG SPD
(FRGTDEN L E M (CRIEUGER L OREZEDIRD, 1R
(CBIEUAFENRIRECT I 2015 > 2= ERR L TLVB,

RROBIENRAD ITHENRTER (BIREHER) ([CEDLSICFZ

EIINEERLIZED,

AU TOCRIFIEME (559 DRoCoF) L ENICKT G T BELR AL

HCOVTOERBA, 1> /-5 —BIRICLBLFSM-O/UDILERED

HIRONT, FEDRR DS BELS 1L -3V FERT
8K(UTWS,


https://eepublicdownloads.entsoe.eu/clean-documents/SOC%20documents/Regional_Groups_Continental_Europe/2017/170926_RG_CE_TOP_08.1_D.2_SPD_Codes_TF_v6_Overfrequency_Control_Schemes.pdf
https://eepublicdownloads.entsoe.eu/clean-documents/SOC%20documents/Regional_Groups_Continental_Europe/2017/170926_RG_CE_TOP_08_1_D_1_SPD_Codes_TF_v5_System_Dynamic_Issues_for_CE.pdf
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23

OCCTO

Fault Current Contribution from
PPMs & HVDC ENTSO-E
guidance document for national
implementation for network
codes on grid connection
(2016/11/16)

Maximum Admissible active
power reduction at low
frequencies ENTSO-E guidance
document for national
implementation for network
codes on grid connection
(2018/1/31)

BAHILEEEE HEERRT

Organization for Cross-regional Goordination of
Transmission Operators,JAPAN

https://eepublicdownloads.entsoe.eu/clea

n-

documents/Network%20codes%20docum

ents/NC%20RfG/161116 IGD_Fault%20C

urrent%20Contribution%20from%20PPMs

%20%20HVDC for%20consultation for%

20publication.pdf

https://www.entsoe.eu/Documents/Netw

ork%20codes%20documents/NC%20RfG/

210412 IGD Max Admissible P reductio
n_at low_frequencies.pdf

o AN -AEBROBFEEFHIGCOVTOIMplementation
Guidance Document

s BEIRBZEFOFREL N —TEHRF R TRECOVTO
Implementation Guidance Document


https://eepublicdownloads.entsoe.eu/clean-documents/Network%20codes%20documents/NC%20RfG/161116_IGD_Fault%20Current%20Contribution%20from%20PPMs%20%20HVDC_for%20consultation_for%20publication.pdf
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Implementation of the
Network Code on
Requirements for Grid

GmbH, February - 2021

https://op.europa.eu/en/publication-
detail/-/publication/ee9ecda7-6788-
11eb-aeb5-01aa75ed71al/language-
Connection of Generators, FGH en/format-PDF/source-search

+ RfG & EN50549-1/2 ([DW\T, BNZE DR ZEEIEUILIR— bk

m__

IEC TS 62786:2017
TECHNICAL SPECIFICATION
Distributed energy resources
connection with the grid

BAHILEEEE HEERRT

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN

OCCTO

o ARIHEAR(E. BCEMRICIESiEN3DEEVEIR (DER) (CRET3IR
RIS LU EHZIRE T DED

DER O5ti#l. :%5t. B, BLUECERAOIEGICGERINS, — i
ZF, 12550, FIEAZROEIR, BEEMEEEE] . IhER(CXT I Bt
%, BIREBIREICHIIBNENICE . EEZEHLUEEZEILIC
XTI RENENICE. EMC&&UE@JJ:‘%E 'f SA-J1—IREE. &
FOLURERIA, 7IT71TEBHER, B, flHbLNEES. B
HERREN S EN D,

CONXE(L, NFEEEL 50 Hz XX 60 Hz TENMEI BECEME
FHEAEDEFEFGDEDDA>A-TI—-ABHZRTEIT DD THD.
DER (C(E. DR EESLPBEANHERINEER IR F—ET
BN SEND. FHAFEE, FEREARER, 12N\ -FREDHRET,
HEE (MV) XIHMEEE (LV) BERICERINZEDTHD.
B AIEBRIRINFT-ETERE (BREHHERY) (&, F[FROM
TIREIP THB,
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No | @& | wos | &

A-1

A-4

A-5

A-6

Grid Code (GC)

Modification Tracker

Grid Code documents

Grid Code Modifications

Network Option
Assessment (NOA)
Pathfinders

NOA Stability Pathfinder

https://www.nationalgrideso.com/i
ndustry-information/codes/grid-
code

https://www.nationalgrideso.com/d

ocument/159906/download

https://www.nationalgrideso.com/i
ndustry-information/codes/grid-
code/code-documents

https://www.nationalgrideso.com/i
ndustry information/codes/grid-
code/modifications

https://www.nationalgrideso.com/f
uture-energy/projects/pathfinders

https://www.nationalgrideso.com/f
uture-of-
energy/projects/pathfinders/stabilit

y

AUy RI—-RBEETOS I M REIXMODU>Y

JVUyRI—-RETOD 17 MIE. BEVA b

JUyRI—RRFIAT B

AUy RI-REFETOS 6

2050 (M RE xRy MOBZRO—REL T, BERREIRIF—PEKREREL
FILF—ENSERMEND TR F—DEMENU TODEI S AT AICHIT2EREDEE
RREARRIZ IO 16

BUF320702 10 M$ 3.

- NOA High Voltage Pathfinder

- NOA Stability Pathfinder

- NOA Constraint Management Pathfinder

IREIR BTSN EEIAR B ORI TEUB N RROLZ E ORI EZ ARR
FRHOREERMNNROEVSEZRL TS IO 1IN

Phase 1 (concluded): 1 FUAE L TAF—SvZIEVLIHOEROIANDIERDR
WAEZRI IO 16

Phase 2 (ongoing): XAy k5> RTLEMLIEENOMmAZ SHDHDEREER
WMROFZWFEEEL TV TOS TV b

Phase 3 (ongoing): 1> 3> REDI—ILADYFTEDIBFR TRASLAILEIEMEDT
FH%zBEEEE3HROIANIERORVAEEELTVWSTOS TV


https://www.nationalgrideso.com/industry-information/codes/grid-code
https://www.nationalgrideso.com/document/159906/download
https://www.nationalgrideso.com/industry-information/codes/grid-code/code-documents
https://www.nationalgrideso.com/industry-information/codes/grid-code/modifications
https://www.nationalgrideso.com/future-energy/projects/pathfinders
https://www.nationalgrideso.com/future-of-energy/projects/pathfinders/stability
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B-1

Balancing Services

Frequency response
service

Dynamic containment
(DC)

Dynamic Moderation
(DM)

Dynamic Regulation
(DR)

Mandatory response
services

https://www.nationalgrideso.com/i
ndustry-information/balancing-
services

https://www.nationalgrideso.com/i
ndustry-information/balancing-
services/frequency-response-
services

https://www.nationalgrideso.com/b
alancing-services/frequency-
response-services/dynamic-
containment?technical-

requirements

https://www.nationalgrideso.com/i
ndustry-information/balancing-
services/Freqguency-Response-
Services/Dynamic-Moderation

https://www.nationalgrideso.com/i
ndustry-information/balancing-
services/Frequency-Response-
Services/Dynamic-Regulation

https://www.nationalgrideso.com/i
ndustry-information/balancing-
services/frequency-response-
services/mandatory-response-
services

153

FBEHHEONTORZED. REIOXES AT A2AROE a0+ 1)TE@mE
ZHEAR T DIcHDH —EZADFE

Frequency response service, Reserve services, System security
services, Reactive power servicesREDH—EXNH 3.

S AT LEREZ50HZz £ 1% THIfHT 2&EFBOIHDOY—EX

Dynamic Containment (DC), Dynamic Moderation (DM), Dynamic
Regulation (DR), Mandatory response services, Firm frequency
response (FFR), Phase 2 Auction Trial REDOY—-EXN% S,

Dynamic containment (DC) (&. ZROFBEFIZ(IHEDIERNFLEUIIE

alc. EREHE4/- 0.5HzORIREECHIHT 2RI DRER Y —EATHD.

DY —-ER(F. FEIREISEREICTURN DLEAIL THHEEINZN, BIREN EIEIR TR
(+/- 0.2Hz) ZBAIBECDHTIT1T RSB,

HiEsE2 100MWIEBISERT 3.

Dynamic Moderation (DM) (&. ESONEREZERHIRAISHRIF I 20% 32
1B I3 ZzBENELGRR(CIREIT S, DMOTONMSF— (S, BIRENEMEEBE D

BR(CEN > TR UL ECRIRICHT BT BEICED., SRR FIRBEICL DT EEF
EOHEDZEADAKERNIEOEIRZZIET D,

Dynamic Regulation (DR) (&. EREIDEHHI TEHINNERREZDPKDE
{BIETBLIIGERETSNIEEEFIY—EX, B/IE. 50HzO5—5"y NEDDREREEL
ZHRETHY(CRAZE I BETH D,

Mandatory frequency response (MFR)(Z. BERFZALICIGURBEDLE
HOBBZE{LY-EXATHD. COY—ERL. SEEEZRESLER L OFIPRAIC
RODIAEII D,

TONAHF =& INBDI5D1D. FEBRRIICERREZHEAFEDE TIRMHET 2L
HTE3.

- Primary response: /> MEAENS 10 UAICISEL. E5(C20F Rk T
- Secondary response: 1> MEENSI0MLUANISEL. E5(C305) flfFHit

PRICHE S


https://www.nationalgrideso.com/industry-information/balancing-services
https://www.nationalgrideso.com/industry-information/balancing-services/frequency-response-services
https://www.nationalgrideso.com/balancing-services/frequency-response-services/dynamic-containment?technical-requirements
https://www.nationalgrideso.com/industry-information/balancing-services/Frequency-Response-Services/Dynamic-Moderation
https://www.nationalgrideso.com/industry-information/balancing-services/Frequency-Response-Services/Dynamic-Regulation
https://www.nationalgrideso.com/industry-information/balancing-services/frequency-response-services/mandatory-response-services
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' No |  x&m& | s | mE

B- Firm Frequency @ https://www.nationalgrideso.co * FFRI&. DS ETEH —ERICPIEATERWEIEEEDHZ IO/ —-DTIBAD
2.5 Response (FFR) m/industry- — PNzt d%. FFRY—ER(E. TSOLH—-EXTONAF-DmfS5(C. ZBOHY -
information/balancing- AZZH DT TOMASDAERME(CT T2 IEENZ FEIEZIeMt T3,
services/frequency-response- « FFRI(F. BEIRZOZACICXTU T, BIMNLELIFEINICE D A ZHEMH T D,
services/firm-frequency- - Dynamic frequency response:> A7 A LOBEEOEMADZE L2 EIRT S
response-ffr?overview JeDITERENS. fikrI(CIREEnaY —EX
@ https://www.nationalgrideso.co - Non-dynamic frequency response: i@ . E&ZxINERERZ TN —
m/document/103306/download SN3ERIDY—-EX

« EERE: Frequency Response (XU T OISERENHB.
- Primary response: /> MEENS 10 UARICISEL. 512207 R 0fikiT
- Secondary response: /> MEENSI0HLUARIEEL. E5(C3077 lfFit

(CHEST
« FFRY—EX(F, i REBGEmIEITINGOI I AN=X A (BM) TONAH—EFE
BMIO/\AAH—OiE A (CRREN TV, INITIE ZXKELERY NI — (B eNzH
B, ITEEEE. FEY/R-LARSAOENRENEZSND.
o TONXAS—(E ALSNEFFROZBDI T, MBONT> S DI —E2 %R T BTENT

350
« & FFR D42 RUDRAKFC, 12y NMIERNTETVT, BIRERISTE—RTRIFN
(X5,
B- Phase 2 Auction Trial https://www.nationalgrideso.com/i « BRRREIEER (LFS) SLUSHKMRSERKE (DLH) &
2.6 ndustry-information/balancing- + Dynamic Low Hight—EX(3. H®OFFR Dynamic—EX(AATWLBH, T34
services/frequency-response- Q. ThAY, BLF) AL AR ZADRIEDVIENNETH S,
services/frequency-auction-trial o A—9332(3. EPEX SPOTA—/23> 5y IA— L %1BU TERNIKAE (LFS) &

JUBMIKRSEKEL (DLH) ®&zEEHEET 3.

+ LFS (Low Frequency Static): 49.6HzTNA—2cN3R9T1wIRY—EX. &
INEHEIMWT, 1B TIIVH D TERZENE,

« DLH (Dynamic Low High): Primary, Secondary, High frequency
responsetW\33DDELREUF = RIE TR I 2913w —EX

(@) BHILS e E

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN

OCCTO


https://www.nationalgrideso.com/industry-information/balancing-services/frequency-response-services/firm-frequency-response-ffr?overview
https://www.nationalgrideso.com/document/103306/download
https://www.nationalgrideso.com/industry-information/balancing-services/frequency-response-services/frequency-auction-trial
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' No |  x&m& | wwos | ®mE

B-3 Reserve services https://www.nationalgrideso.com/i + 1BO4FEDRERICEVT, BNOEBNIRICED. REIDXESATFLATFEL L
ndustry-information/balancing- DENFEZEIRTERLINCTBHICFIATE2EMDEIR
services/reserve-services » Fast reserve, Short-term operating reserve (STOR), Demand Turn Up,

Super SEL, BM start up, Replacement Reserve (RR) BREDH—-EZNHS.

B- Fast Reserve https://www.nationalgrideso.com/i * BERFED(E. FEHHEEDPLED. BEENSOBEEZRSULDTBET. TR
3.1 ndustry-information/balancing- TEREOSVENENOMEZIRM TS, MMREBEGEEIITENTEINTY
services/reserve-services/fast- SOOANZZ L (BM) EIEBMTONAF -0 A (CRINN TS, CNIC(F. XECE
reserve RYRD—DIEF SN RS, BESEE . FEY/R VARV AOENRENEZ
N3,

o EHLTIONAF-F1EIKISHR. 1BIC10mFIAEINS. JTON/4F—(F. 155
B PR iiE I 2eE N2 F DL EIfF SN TS,

B- Short-term Operating https://www.nationalarideso.com/i + —H®D35T. EEORENFHZ _LEZEY. FHAROREEPTOBEIS LT

3.2 Reserve (STOR) ndustry-information/balancing- LT B, ROBREHHEREADT I ANNERIGEN DS . FFHICAIEER
services/reserve-services/short- if"zi%‘(i\ STORY—EZ%BU TERIICRBIENZFET S, COH—-EXDTOINA
term-operating-reserve -, BINFEEFILEEEELROWVWI NI EIRETEILET. FiRODOBH%iEIET .

« STOROWHEE(F. KA, B, HICEIDERSD,

BAHILEEEE HEERRT

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN

OCCTO


https://www.nationalgrideso.com/industry-information/balancing-services/reserve-services
https://www.nationalgrideso.com/industry-information/balancing-services/reserve-services/fast-reserve
https://www.nationalgrideso.com/industry-information/balancing-services/reserve-services/short-term-operating-reserve

5. 3E&8R . &E National Grid (HigEH) 156
' No |  xm& | wos | ®mE

B- Demand Turn Up https://www.nationalgrideso.com/i * F~Y¥YR-4—=>-7vF (DTU) HY—-EX(& BAERIREIRIFT-OEINEC BOFE
3.3 ndustry-information/balancing- EMREVFHFC. AOREFRPREEEBXEE CREEDIENNPREZEDRA ZIET
services/reserve-services/demand- EDTHD. CNILEE. EORBIPBEROFEZICITOND.
turn o COY-ER(F. BENMVBETREIXINF-OENHIEVEEBIC. BFELIED
URDREEZRS LD I 3ZIMMEZIF OFRMITHNE. U TFOVWINTEFIFEIT S
ENTES,

« BEOFTIORA=>-TwT

. BEBEHLS (CHP)

ZOMMOFE

IRLF-BTE (J\yF)—-RE)

TOABOFIT, 12U MBRZREIEEIRETEZD0,

« FACIgEMZESI2MR(C(E. FATIERFE BRI EZS X2 0]EEHDHS
HEWBRERZEEIIENEETHD.

o EERAOHBETITUTBOY —EX R I BL@F TSR, TO/NA5—(F, D
NI —EZBIRMTERLIICURVRFRARIHR, TYOR-9—> - 7y HFIF
TERVCEZEE I 2N ENHD.

B- Super SEL https://www.nationalgrideso.com/i * X—/V=SEL(&. EIHAUL TV 2 RBHEORIEREEZ TIFEET. RHICEHALTLS
3.4 ndustry-information/balancing- HREMOREMWLAJLFZ(EStable Export Limit (SEL) O&ETZBEIENI(TR
services/reserve-services/super-sel DERBHICFIAEIND.

- ZOY-ERE. REROKMINBHZHIZIENTEDNTS ST AN X LSHNE
(CRAMENTVS, A—/\-SELY—ER(F, REHOIRIF—HNDICEEZNMNZD
Z (AR T URIEBENLANINAD 7 IR 5 226D THD. XA—/{—SELD
LikELE(. B IEREBEL TUTHNS. BHEKRENTD ST ANZX @@l T
TN, RELSUTHUWMEVSELETHDZE TFEES.

(@) BHILS e E

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN

OCCTO


https://www.nationalgrideso.com/industry-information/balancing-services/reserve-services/demand-turn
https://www.nationalgrideso.com/industry-information/balancing-services/reserve-services/super-sel
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No | @& | wos | &

B- BM start up https://www.nationalgrideso.com/i
3.5 ndustry-information/balancing-
services/reserve-services/bm-start

https://www.nationalgrideso.com/b

B- Replacement Reserve
3.6 (RR) alancing-services/reserve-

services/replacement-reserve-rr

https://www.nationalgrideso.com/b

B-4  Reactive power services
alancing-services/reactive-power-
services

https://www.nationalgrideso.com/i
ndustry-information/balancing-
services/reactive-power-
services/obligatory-reactive-power-
service

B- Obligatory Reactive
4.1 Power Service (ORPS)

(@) BHILS e E

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN

OCCTO

« BMZH—-h7PyTH—-ER(E. BIFEEZZOBHDI5CHIATERLICTZED. 2D

H—EX (& 8993 VVSBMOBSFEIROHR TH B TERVCENFIEBEINZIRTONT>
SO XH=X L (BM) SHIEICRKRENTLS,

IV =X h-UF=J(F, BRINOTSORI TH—&n . BREHOBINERHA O
F R IIY-ER

BWENY-LERE(E AT LOEBELANINENFREED £ T IC—FEDEEFEIHE
9239 —EX, REHEOZOMOBATEE(C. BB ZIRINEZFEMT DL
BRI D,
BELNIVOEIR. BEHZRIN (BEZTFD) I2h. EEHZLER
(BEZ LEID) 3232ATLLEOERBONTRZHHERFF 2L TITHN S,
SATLADEFEFRZ - T B8, O—HILLANLTEELNIIZEIRITINE
W3, BHRIGP CET R EHNENZEALRING, RERFOEEIOTI7I
(FEEFTEBLHER LOFIRZB R 3E(CTRB,
Obligatory reactive power service (ORPS), Enhanced reactive power
service (ERPS)Y—EXh'%3. f53KENMEL T, Reactive Reform — Market
Design h'%3.

EENEHEHY—ERX (ORPS) LiF. EMNEHEN2Z(LEEZIY—EXTHS.
REMT, ERAHEDIATLAEBEEEEIZHC. EROE I TENE %
ERMFREIRING BLSERENDZENH D, JUyRI— ROBEMEREEINZIATO
FEH(T. BB EIRHE I EENZ2IFOENEREINS,

ORPSI(Z, DN I —ERE—HE(TIRMHT LN TES,

SATLDEZ I LT B — A&l I ehICERNE NN BATRICIREIN. RO
BREICHISTBEHICTDRENE DO FRHNFIFEIEETH B,

—ARIC, XBHIIEFRN TVBREFTE50MWEL EOFESEFA(E, JUyRI—R
CC6.3.2[HREINTVBRLIIC, COY—ERZIRE T BRE N ZIFOCENEREIN D,


https://www.nationalgrideso.com/industry-information/balancing-services/reserve-services/bm-start
https://www.nationalgrideso.com/balancing-services/reserve-services/replacement-reserve-rr
https://www.nationalgrideso.com/balancing-services/reactive-power-services
https://www.nationalgrideso.com/industry-information/balancing-services/reactive-power-services/obligatory-reactive-power-service
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B- Enhanced reactive https://www.nationalgrideso.com/b « BILBYEMNEIH—ER (ERPS) (&, JUyRI—ROBENEDE DY -EX

4.2 power service (ERPS) alancing-services/reactive-power- (ORPS) NEMULOENENZIEH TETIREHE(SEAT D,
services/enhanced-reactive-power- + ERPSI&. EXNEHELEMF(FUR T BENTEE N, ORPSZIZRA T 2MHENRN
service-erps TIOMFEIEBOEEECTHISE AN - MIRHET 3,

« ERPSIE. BDONT> 3> IH—EREMHATU TR T RENTES,
o EMBEBHERINERIFEKTEZ S5 MNFEEZIF DY A NI, ERPS 212t 3
CENTES, NI, ORPS ZIRMAL. B/ NBHZBIBLANILOETEYR— Mgt

UV EIHARE R RICAIREMEN DD . iz, BNE N E LM E(IRIN T DEESNZHF
MDY A M IO TSNS B BEE B D,
B- Reactive Reform - https://www.nationalgrideso.com/b « NGESO (National Grid ESO)(Z. > XFAEEHIHEHIOISHICEHEUL TL\DREDER
4.3 Market Design alancing-services/reactive-power- FRITAZI DN E Y —EADRE(CRFTTBTENBEERRZIFO TV, SATLAE
services/reactive-reform-market- [EFREIDSHICEHEU TVDEREICTULT D128, NGESOIE. #8E58IND1>555
design T4IRT7TO-F2EBVT, LDZLOSINBE MG REZB X GRS T

ENBHY-EXRRML. SATLABECFIIT(ZHEIFL. SAREREHNIX
MeHIRU CHEEFIRZRALTEDLSBY)1-23> R e EEHFRO TS,

B-5  Electricity System https://www.nationalarideso.com/i = ¥O-H—MRADEZEKINEER(C(E BIFOENS T AEIREROEREDZZEET

Restoration ndustry-information/balancing- DNENDD. FFIC. IRABBITISHIST BIdDY—ER, Fitgdls,. IL—LT0—-49.,
services/electricity-system- EBRY-I. FENDIEENMELRS, ESRA - IRIF— EEEIEE (BEIS)

restoration-standard (. BERFEZFEERL. EEOEN R T CEENEREE DN RMEEIRELS

BOBBNHFEOEIRICOVT, SERNIRDDOHZBIE. IRH5FHULVENRIRIEIR
H#E (ESRS) Z#E AL, IRITOMRFIREHZ8LTE2NEEZFTEH U, COF
ULESRSIZ. SHUANICHEOEHNFEEND100%%2EIRETE 2D+ REEN LR
HZESOIIRDBED TH D TNIFHUSAI (CEERMSNINE T, 24 LIS
FTED60%ZEIHEEZEVSEENRBIENRTEIN TS, ESO. EEH2026
F128B31HETIC. COBERETIBLHDINTOEBNESTWB =R
RIFNERSRV, FrEEL2EL. SRUHIBRZTz6(C. ESOHEIRETEZ R
BEImENDD., $F(C. IEROEIRTHLVIEEREL DS ThSBNDEIHY —E
AETHETZMEMEETEL TS, CNSORIEZAFR I DD BRE B AIFE
U. EHET3edCERDT—F>9 ) —T%5%837U. ESRSOBH %I CEICLD
FE(ODOVWTERDBRZRDZ VI T3 mFRKUR.

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN

@ B IR E R e AR RS

OCCTO


https://www.nationalgrideso.com/balancing-services/reactive-power-services/enhanced-reactive-power-service-erps
https://www.nationalgrideso.com/balancing-services/reactive-power-services/reactive-reform-market-design
https://www.nationalgrideso.com/industry-information/balancing-services/electricity-system-restoration-standard

5. 3EE8R . E National Grid (&@&) 159
No |  x®m& | uws | mE

C-1 The Enhanced Frequency https://www.nationalgrideso.com/f <« REROABEERFESBHE. BN DEOEESHZLICXIITIETTI) HMKREAE

Control Capability (EFCC) uture-energy/projects/enhanced- TR TEE DHEFFICBARICERUL TV BA R REIRI T —(IEMZIFR V6,
Project frequency-control-capability-efcc SATLADETEMICEIEN DD BRI TIURINEEDE. BARYE

- EENRLE T DA EMEN DD TDFER. SATLERZTESEDIHIC. £DZL
DEEREDQRIEEISENNE(CRD.

« NGESO(&. S AT AIEFENZBARRIRIF-EMEX. ARNDFEEFROL
SREMDOAREVREHNBEZHAZSNDE. S0HZ TORIREUCE OHERFH KD E#
(CRBtZFERUL BERIRRIRIF— BEYARIY-X, 20Oz ERU
Iz, RIBICERBEIREL. W& YI1—2a 2l (CRFE T 2mEN DD,
Enhanced Frequency Control Capability (EFCC) JO>1/ME. COERREC
X I BERRFK T R I TeoblCE%TIEN Tz, 201954 A308#R T

C-2 The Enhanced Frequency https://www.nationalgrideso.com/ + Lt&/0-S2JLR-bk
Control Capability (EFCC) document/144441/download
project closing down
report

BAHILEEEE HEERRT

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN

OCCTO


https://www.nationalgrideso.com/future-energy/projects/enhanced-frequency-control-capability-efcc
https://www.nationalgrideso.com/document/144441/download
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A-3

A-5

A-7

A-8

OCCTO

Refine by Category Grid Code
Derogations Modifications

Register of Granted
Derogations v25 - June 2021

Presentations and agendas
from the Grid Code Review
Panel meeting on 23 March
2021

MPID 286 Correction Of Voltage
Graphs110kV 220kV Systems
Transmission

MPID 286 Recommendation
Paper

WEFPS Meteorological Signals
Guidelines

Register of existing derogations
approved by the CRU

Guideline for the Application of
Connection Network Codes to
Existing Users- V1.0.pdf

BAHILEEEE HEERRT

Organization for Cross-regional Goordination of
Transmission Operators,JAPAN

Library (eirgridgroup.com)

http://www.eirgridgroup.com/site-
files/library/EirGrid/Register-of-Granted-Derogations-
v25-June-2021.pdf

http://www.eirgridgroup.com/site-
files/library/EirGrid/Presentations-and-agendas-from-
the-Grid-Code-Review-Panel-meeting-23-March-

2021.zip
http://www.eirgridgroup.com/site-

files/library/EirGrid/MPID286 CorrectionOfVoltageGrap
hs110kV_ 220kVSystemsTransmission.pdf

http://www.eirgridgroup.com/site-
files/library/EirGrid/MPID286 RecommendationPaper.p

df

http://www.eirgridgroup.com/site-
files/library/EirGrid/WFPS-Meteorological-Signal-
Guidelines.pdf

http://www.eirgridgroup.com/site-
files/library/EirGrid/Register-of-Derogations-March-
2021 -incl-Extent-of-Compliance-v24.pdf

http://www.eirgridgroup.com/site-
files/library/EirGrid/Guideline-for-the-Application-of-
Connection-Network-Codes-to-Existing-Users-V1.0.pdf

2022/4Q(L BMEFEINTFEERT S 1- DA

nFHi

110kV REE&EHZEEIER

Wind Farm&SRERAIZs R I 2 E K

RFGIEXICFE BB TOHA RS1>


http://www.eirgridgroup.com/library/index.xml
http://www.eirgridgroup.com/site-files/library/EirGrid/Register-of-Granted-Derogations-v25-June-2021.pdf
http://www.eirgridgroup.com/site-files/library/EirGrid/Presentations-and-agendas-from-the-Grid-Code-Review-Panel-meeting-23-March-2021.zip
http://www.eirgridgroup.com/site-files/library/EirGrid/MPID286_CorrectionOfVoltageGraphs110kV_220kVSystemsTransmission.pdf
http://www.eirgridgroup.com/site-files/library/EirGrid/MPID286_RecommendationPaper.pdf
http://www.eirgridgroup.com/site-files/library/EirGrid/WFPS-Meteorological-Signal-Guidelines.pdf
http://www.eirgridgroup.com/site-files/library/EirGrid/Register-of-Derogations-March-2021-incl-Extent-of-Compliance-v24.pdf
http://www.eirgridgroup.com/site-files/library/EirGrid/Guideline-for-the-Application-of-Connection-Network-Codes-to-Existing-Users-V1.0.pdf

5 ZE&EN P

1ILoYVEF ERGRID

161

m_

A-10

A-11

A-12

A-13

A-14

A-15

A-16

OCCTO

Clarification of PPM FRT Requirements in
PPM1.4.2 (c): Reactive
current response during voltage dip

Presentations and agendas from the Grid
Code Review Panel meeting on 02 July
2020

Integration of Battery Energy Storage
Systems to the Ireland and Northern
Ireland Power Systems

Steady-State Reactive Power (SSRP)
System Services Test Procedure
Battery

Agendas, Approved Minutes and
Presentations from the Grid Code Review
Panel Meetings 12 April 2019

01 July 2019
Various documents associated with Grid
Code Modification - MPID275

27 June 2017
WFPS Frequency Response Test
Procedure

05 September 2016
WEFPS Active Power Control Test
Procedure

BAHILEEEE HEERRT

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN

http://www.eirgridgroup.com/site- U
files/library/EirGrid/MPID277 Clarification of
PPM FRT Requirements PPM1 4 2 c.pdf

http://www.eirgridgroup.com/site-
files/library/EirGrid/IrelandGCRP_02072020.z
ip

http://www.eirgridgroup.com/site- .
files/library/EirGrid/Integration-of-Batteries-
Implementation-Note.pdf

http://www.eirgridgroup.com/site- C
files/library/EirGrid/Battery-SSRP-test-
procedure-template.docx

http://www.eirgridgroup.com/site-
files/library/EirGrid/GCRPIreland12April2019.

zip
http://www.eirgridgroup.com/site- .
files/library/EirGrid/Grid-Code.zip

http://www.eirgridgroup.com/site-
files/library/EirGrid/WFPS TestProcedureFreqg
uencyResponse Final.docx

http://www.eirgridgroup.com/site-
files/library/EirGrid/WFPS-Active-Power-
Control-Test-Procedure.docx

BER T EFOENERHERORMAEE

EFEM0JUyRI-REHF AN

H]Ht

EMLOHERTF/E

RfGXIL: (EIRERZEE) - BEZ SN T, EBEEEH)


http://www.eirgridgroup.com/site-files/library/EirGrid/MPID277_Clarification_of_PPM_FRT_Requirements_PPM1_4_2_c.pdf
http://www.eirgridgroup.com/site-files/library/EirGrid/IrelandGCRP_02072020.zip
http://www.eirgridgroup.com/site-files/library/EirGrid/Integration-of-Batteries-Implementation-Note.pdf
http://www.eirgridgroup.com/site-files/library/EirGrid/Battery-SSRP-test-procedure-template.docx
http://www.eirgridgroup.com/site-files/library/EirGrid/GCRPIreland12April2019.zip
http://www.eirgridgroup.com/site-files/library/EirGrid/Grid-Code.zip
http://www.eirgridgroup.com/site-files/library/EirGrid/WFPS_TestProcedureFrequencyResponse_Final.docx
http://www.eirgridgroup.com/site-files/library/EirGrid/WFPS-Active-Power-Control-Test-Procedure.docx
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B-1 DS3 Programme

B-2 DS3 SYSTEM SERVICES
AGREEMENT

B-3 DS3 System Services Protocol
- Regulated Arrangements

B-4 System Services - 2030
Volumes Indicative Portfolio
Capability Analysis

BAHILEEEE HEERRT

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN

OCCTO

http://www.eirgridgroup.com/ho *°
w-the-grid-works/ds3- .
programme/

http://www.eirgridgroup.com/site
-files/library/EirGrid/Ire-DS3-
System-Services-Regulated-
Arrangements_final.pdf

http://www.eirgridgroup.com/site *
-files/library/EirGrid/DS3-SS-
Protocol-v3.0.pdf c

http://www.eirgridgroup.com/site °
-files/library/EirGrid/System-
Services-Indicative-2030-

Volumes.pdf

“Delivering a Secure, Sustainable Electricity System” (DS3)

PAII RIGRENTEBIREAEUBE(2020FFTIC16%)(CxtU. EirGridh
40%LMBBEZEEEDIEEDTOI S so

2018FFTIC. DS3TOYUSAICKD. EirGrid(E> 2T AL OBAERIREIRILF—0
BREIL NI E50%D565%(C51E EIFRIENTEZ 2021 F(C(EIN%70%IC5|
&L, 2018 75%0BRERZRIEUC. 20204 (C(FBEZIZRML. 20204

OBICBAERREIRINFT—NEIHEDA3%E GHHBLICHM, IRTE. 75%0D

SEEIEREE LK ERNEITH . 20304 (CEFLLVBENREZN. FHLLWITOI S A

[Shaping Our Electricity Future InNSMERO— RYyIHNDS3%5| EHk<,

DS3 System Services Protocol XZ(&. DS3 System Services
Agreement ZfE I 2ED

DS33RF LY —-ERZHED—EBEL T, H—EATONA(FE2DTON(F 1Yk
MBI INESERBHENTA XV ATZA BT 2 IBHREIRE TS,

SAT LAY —EZADTHIBR—ADFIE. 715> REALTAIV 5> RD2030FDBE 4
BIRETRIF—BHOEFFLORIRZIR I BI(C, F2R. LOFEVLILOSNSP
TEMAT LD ERRENZISILHDIELVEES T IR 32BN
EUTHERRENTZLIR—bo RT=ITANADBREHD.


http://www.eirgridgroup.com/how-the-grid-works/ds3-programme/
http://www.eirgridgroup.com/site-files/library/EirGrid/Ire-DS3-System-Services-Regulated-Arrangements_final.pdf
http://www.eirgridgroup.com/site-files/library/EirGrid/DS3-SS-Protocol-v3.0.pdf
http://www.eirgridgroup.com/site-files/library/EirGrid/System-Services-Indicative-2030-Volumes.pdf
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B-5 DS3 Performance
Measurement Device
Standards for Fast Acting
Services

B-6

DS3 System Services
Compliance and Testing
Capability Management
Guidance Document

B-8

DS3 System Services
Qualification Trials Process
Outcomes and Learnings
2017

BAHILEEEE HEERRT

Organization for Cross-regional Goordination of
Transmission Operators,JAPAN

OCCTO

System Services Compliance

http://www.eirgridgroup.com/site
-files/library/EirGrid/DS3-
Performance-Measurement-
Device-Standards-for-Fast-
Acting-Services.pdf

http://www.eirgridgroup.com/cus
tomer-and-industry/general-
customer-information/grid-code-
compliance-test/compliance-
testing/system-services-
testing/index.xml

http://www.eirgridgroup.com/site
-files/library/EirGrid/SS-
Guidance-document.pdf

https://www.eirgridgroup.com/sit
e-files/library/EirGrid/DS3-
System-Services-Qualification-
Trials-Process-Outcomes-and-
Learnings-2017.pdf

E=BORERE (D5, IHFEDKE) OFEMICELBEDS3ZATAY—EX
DOHEREEROOHDE/ I\ ROBELETEMZIRTE I INE
B/INT—HRRE. B - BEEREEDISA, HABEZED TS,

AVTFA T AFHELREED—E

TiSEmBI I T4 7 REBR BN A5 X

DS3 System Service OFE5ELR—b

BA/T4N ROA RIRDAD N EEFRR(CLD POR DESE
ESHIEIN /B /T4 R A RIAZD A N HVDCE&fimlc &% FFR D3EEE
aHIEIN /B A(CLD FPFAPR/DRR D3EEE


http://www.eirgridgroup.com/site-files/library/EirGrid/DS3-Performance-Measurement-Device-Standards-for-Fast-Acting-Services.pdf
http://www.eirgridgroup.com/customer-and-industry/general-customer-information/grid-code-compliance-test/compliance-testing/system-services-testing/index.xml
http://www.eirgridgroup.com/site-files/library/EirGrid/SS-Guidance-document.pdf
https://www.eirgridgroup.com/site-files/library/EirGrid/DS3-System-Services-Qualification-Trials-Process-Outcomes-and-Learnings-2017.pdf
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C-1

C-2

C-3

C-4

Low Carbon Inertia Services

2021 Annual Innovation
Report

Shaping our electricity future

Potential Solutions for
Mitigating Technical Challenges
Arising from High RES-E
Penetration on the Island of
Ireland, A Technical
Assessment of 2030 Study
Outcomes, 22 December 2021

http://www.eirgridgroup.com/sit
e-files/library/EirGrid/EirGrid-
SONI-Plan-for-procurement-of-
LCIS-Webinar.pdf

http://www.eirgridgroup.com/sit
e-files/library/EirGrid/2021 -
Innovation-Report-V1.pdf

http://www.eirgridgroup.com/sit
e-
files/library/EirGrid/Shaping Qur

Electricity Future Roadmap.pdf

http://www.eirgridgroup.com/sit
e-files/library/EirGrid/Technical-
Assessment-of-2030-Study-
Outcomes.pdf

* SNSP 75%—85%—>95%tFFREULTLKICHIZD, HEERBDIBIET (FEENE
HEGHEERTSEEE)DIECEIZIOT I MOBN

. 2030FEBEZICEmirToa—RIyS

* Shaping Our Electricity Future Roadmapld. JROLIRER NS EELFHFE
OEIEZRULTWD, Ry hD—7, B85, . TiZ0O&R=NS. B2 IT2Y
M—NF31z8h. 2030FF TICE AT RKEE70%DERIRIF—%FIFATE
283(CFBE. 80%. ZUT2050F(C(FRy M OZBTET . €DIsHIC(E. 2030
FFTOELBITHARAR, T, Tl EFEE. BEE. IREOSVED
ZIEA. BIF. HRFI 2L, REBIATA INTOGIBNRENFTEZET
CEEBrELTLS,

* ZOIREE(F. [1]. [2]THEINEEZRRANHIEZRECXT LT B, EirGrid
& SONI ATITHNIABFNEAFE (EU SysFlex Task 2.6 [3] BE) DfER%ER
ERSIOB

[1] “Technical Shortfalls for Pan European Power System with High
Levels of Renewable Generation,” April 2020. [Online]. Available:
https://eusysflex.com/wp-
content/uploads/2020/05/EUSysFlex_D2.4_Scarcity_identification_f
or_pan_European_-System_V1.0_ForSubmission.pdf. [Accessed 27
April 2021].

[2] EirGrid, “Shaping Our Electricity Future - Technical Report,”
February 2021. [Online]. Available:
https://www.eirgridgroup.com/site-files/library/EirGrid/Full-
TechnicalReport-on-Shaping-Our-Electricity-Future.pdf. [Accessed
26 April 2021].

[3] “Mitigation of the Technical Scarcities Associated with High Levels
of Renewables on the European Power System,” June 2021.
[Online]. Available: https://eusysflex.com/wp-
content/uploads/2021/06/Task_2.6-Deliverable-
ReportV1.0_for_Submission.pdf. [Accessed 30 June 2021].


http://www.eirgridgroup.com/site-files/library/EirGrid/EirGrid-SONI-Plan-for-procurement-of-LCIS-Webinar.pdf
http://www.eirgridgroup.com/site-files/library/EirGrid/2021-Innovation-Report-V1.pdf
http://www.eirgridgroup.com/site-files/library/EirGrid/Shaping_Our_Electricity_Future_Roadmap.pdf
http://www.eirgridgroup.com/site-files/library/EirGrid/Technical-Assessment-of-2030-Study-Outcomes.pdf
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SYSTEM CONDITIONS https://en.energinet.dk/Electricity/Rules-
Historical technical regulations for system and-Regulations/Historical-technical-codes-
conditions and-regulations

Section is under construction.

A-2  Regulations governing the connection of  https://en.energinet.dk/Electricity/Rules-

electricity-generating facilities to the and-Regulations/Regulations-for-grid-
public electricity supply grid connection
BAHEEREEHEMRE

Organization for Cross-regional Goordination of
Transmission Operators,JAPAN

OCCTO


https://en.energinet.dk/Electricity/Rules-and-Regulations/Historical-technical-codes-and-regulations
https://en.energinet.dk/Electricity/Rules-and-Regulations/Regulations-for-grid-connection
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B-1 MARKET REGULATIONS https://energinet.dk/El/Elmark ¢ REGULATION C1: CONDITIONS FOR BALANCE SHEET LIABILITY
edet/Regler-for- « REGULATION C2: BALANCE SHEET MARKET AND BALANCE SHEET

(>X-D5BOH. 7>33V-H—-EX  elmarkedet/Markedsforskrifter SETTLEMENT

RMEAUSOFHABERMFEFIC #C1 « REGULATION C3: PLAN MANAGEMENT - DAILY PROCEDURES

DV TOEER) « REGULATION D1: SETTLEMENT MEASUREMENT AND BASIS OF
SETTLEMENT

« REGULATION D2: TECHNICAL REQUIREMENTS FOR ELECTRICITY

MEASUREMENT

+ REGULATION E1: COMPENSATION FOR OFFSHORE WIND FARMS BY
MANDATORY DEREGULATION

REGULATION F: EDI COMMUNICATION

REGULATION H1: CHANGE OF ELECTRICITY SUPPLIER
REGULATION H2: MEASUREMENT AND TEMPLATE SETTLEMENT
REGULATION H3: SETTLEMENT OF WHOLESALE SERVICES AND
CHARGES

+ REGULATION I: BASIC DATA

B-2 ACCESS TO THE ANCILLARY https://en.energinet.dk/Electri 1. #HEER. TN —VREPFFAEECHIDRBELIIREONSVAEERLLT

SERVICE MARKETS city/Ancillary-Services/Access- HEEREN (market regulation C1£88) . &5(c[Main agreement on the
to-the-ancillary-service- supply of ancillary serwcesJ%%ﬁ?%ib(b\mj‘ﬂ(iﬁ%@b\o CDATZAVE T
markets RTOT >3- —-EXDRBEADT IR =M T 3,

2. {#EE(E. TAgreement on the supply of balancing services without
energy supplies |ZfFFEL TORIINIERSRV. COATZaED, T>X—Iih
BBDFCR. 7N—JEREBDFFR, 7N —JEREPDFCR-D. I DS MHEENNT>
AEEELOZNZELURV, IERICBESNEIRIF—HIE(CLZ 75—
H—ERZFIAITBENTERLICRD,

o SB(C, T -H-ER=MHAT BT MO AT AlL. Energine tD5RB] 25233
WENDD. T72MNIAT LD, [Prequalification and test of units and
aggregated portfolios |ZZ&4EL TS Z5N 3.

o BN EBEMCEENZRGZESORALART> IV -EAREDOLE 1 (&,
[Ancillary services to be delivered in Denmark - Tender conditions|T
R32ENTES,

(@) BHILS e E

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN

OCCTO


https://energinet.dk/El/Elmarkedet/Regler-for-elmarkedet/Markedsforskrifter#C1
https://en.energinet.dk/Electricity/Ancillary-Services/Access-to-the-ancillary-service-markets
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B-3  Ancillary services to be https://en.energinet.dk/- o T3 FU-H-EADIM B, EENE M ZEEE
delivered in Denmark /media/BF9518B699AB46119 « FFREFCR-DZBRE. INTOF iz AR Flae T HRAGBHEFTELTALEZRE
B20C382D9B5C791.pdf EUTHEN., LARETFIROHAALZZEL TS,

o BB ANREBHORGEBOTI-TE BET>SSU-Y-EXMHHCHENTEIR
TALZITICLFTERV, EAFEBOABIFEEEL, K5 - EHEROEPR(CLD
ENFEEBORGAREBNVEREEZRIBTERVMEEC, SHaZRAET3DIC
OIEREDFEBL —FECANTHIENTES.
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https://www.ferc.qgov/sites/def « FRRICRIFERIZINTOX/NORER @, IEHEEL T REIREULEH

A-1

A-2

A-4

A-5

OCCTO

Order No. 842 : Essential
Reliability Services and the
Evolving Bulk-Power System—
Primary Frequency Response

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

Order No. 828 : Requirements

for Frequency and Voltage Ride

Through Capability of Small
Generating Facilities

STANDARD LARGE
GENERATOR
INTERCONNECTION
AGREEMENT (LGIA)

APPENDIX G :
INTERCONNECTION
REQUIREMENTS FOR A WIND
GENERATING PLANT

SMALL GENERATOR
INTERCONNECTION
AGREEMENT (SGIA)

BAHILEEEE HEERRT

Organization for Gross-regional Coordination of
Transmission Operators,JAPAN

ault/files/2020-06/0rder-
842.pdf

https://www.ferc.gov/sites/def
ault/files/2020-04/E-1 68.pdf

https://www.ferc.gov/sites/def
ault/files/2020-04/E-11 5.pdf

https://www.ferc.gov/sites/def
ault/files/2020-04/LGIA.docx

https://www.ferc.gov/sites/def
ault/files/2020-04/06-16-16-
appendixG.pdf

https://www.ferc.gov/sites/def
ault/files/2020-04/07-21-16-
SGIA.doc

AEZBIDLIIC, LGIALSGIAZINE T Do

FRCRFOER T B INTOXRN\DIEFERREIRN HEHDSRAEL TR ERNE D
B EFRZEZR=/ERITHIE+0.95~-0.950FH 2D L IICLGIALSGIAZ
tNEI D

LGIATAHUERE X R(CKH TS, BEREIREBIUVBEARY A RIL—

FEHE20MWRIED/)\WIRFE B RBICEOBEA I DL IICSGIAZIIET B.

ARNEFEBFNCT I BRI

LGIADME. BAFEEDLVRTZMRE

INRIRFEEBFR(CN I 24312


https://www.ferc.gov/sites/default/files/2020-06/Order-842.pdf
https://www.ferc.gov/sites/default/files/2020-04/E-1_68.pdf
https://www.ferc.gov/sites/default/files/2020-04/E-11_5.pdf
https://www.ferc.gov/sites/default/files/2020-04/LGIA.docx
https://www.ferc.gov/sites/default/files/2020-04/06-16-16-appendixG.pdf
https://www.ferc.gov/sites/default/files/2020-04/07-21-16-SGIA.doc
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B-1

OCCTO

Participation of Distributed https://www.ferc.gov/sites/def + Order No. 2222 H#UgXEHRS (RTO) BLUIMIISIFTLARL—H— (ISO)
Energy Resource Aggregations ault/files/2020-09/E-1 0.pdf Mm% (RTO / ISOMii) (CHBIIZDEBELIRINF—BIR7IVT —I—-0OSHxTT
in Markets Operated by BPEEEZHXDPRTZHDENE

Regional Transmission

Organizations and Independent

System Operators (Final Rule)

(Issued September 17, 2020)

Electric Storage Participation in https://www.ferc.gov/media/o * RTO/ISOMBZICEEMOB =G, HFEmiz. 72> 3)-HigADS A EREZ<
Markets Operated by Regional rder-no-841 9Tzs. RTO/ISOICREET 2 Tariff DeREZarUIcED . B OB IR IPRFYA%E
Transmission EEGE

Organizations and Independent

System Operators

Order No. 841

(Issued February 15, 2018)

BAHILEEEE HEERRT
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https://www.ferc.gov/sites/default/files/2020-09/E-1_0.pdf
https://www.ferc.gov/media/order-no-841
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A-3

A-4

A-6

A-7

A-9

OCCTO

Project SAR-011 Revisions to Regional
Standard BAL-001-TRE-1

Regional Reliability Standards Under
Development

Project 2016-EPR-02 Enhanced Periodic
Review of Voltage and Reactive
Standards

Technical Rationale for Reliability
Standards

Project 2021-01 Modifications to MOD-
025 and PRC-019

Project 2020-05 Modifications to FAC-001
and FAC-002

Project 2017-07 Standards Alignment
with Registration

Project 2018-04 Modifications to PRC-
024-2

Project 2020-02 Transmission-connected
Dynamic Reactive Resources

BAHILEEEE HEERRT

Organization for Cross-regional Goordination of
Transmission Operators,JAPAN

https://www.texasre.org/standards

https://www.nerc.com/pa/Stand/Pages/Regi
onalReliabilityStandardsUnderDevelopment.a

Spx

https://www.nerc.com/pa/Stand/Pages/Proj
ect-2016-EPR-02-Enhanced-Periodic-Review-

of-Voltage-and-Reactive-Standards.aspx

https://www.nerc.com/pa/Stand/Pages/Tech

nicalRationaleforReliabilityStandards.aspx

https://www.nerc.com/pa/Stand/Pages/Proj
ect 2021-01 Modifications to MOD-
025 and PRC-019.aspx

https://www.nerc.com/pa/Stand/Pages/Proj
ect-2020-05-Maodifications-to-FAC-001-and-
FAC-002.aspx

Project 2017-07 Standards Alignment with
Registration (nerc.com)

https://www.nerc.com/pa/Stand/Pages/Proj
ect-2018-04-Modifications-to-PRC-024-

2.aspx
https://www.nerc.com/pa/Stand/Pages/Proj

ect 2020-02 Transmission-
connected Resources.aspx

BAL-001-TRE-2 JOZ1/h

VAR-001-5 JOZ17hk

VAR-002-4.1 JO>1/b

VAR-501-WECC-3.1 JO>1/h

PRC-019-2 JO>1/b

FAC-001-3 JO>1/b

FAC-002-3 JO>1/b

PRC-024-2 JO>1/b

HVDCESi#EZ=% White paper - Standard(s)
Affected - MOD-025, MOD-026, MOD-027,
PRC-019, and PRC-024


https://www.texasre.org/standards
https://www.nerc.com/pa/Stand/Pages/RegionalReliabilityStandardsUnderDevelopment.aspx
https://www.nerc.com/pa/Stand/Pages/Project-2016-EPR-02-Enhanced-Periodic-Review-of-Voltage-and-Reactive-Standards.aspx
https://www.nerc.com/pa/Stand/Pages/TechnicalRationaleforReliabilityStandards.aspx
https://www.nerc.com/pa/Stand/Pages/Project_2021-01_Modifications_to_MOD-025_and_PRC-019.aspx
https://www.nerc.com/pa/Stand/Pages/Project-2020-05-Modifications-to-FAC-001-and-FAC-002.aspx
https://www.nerc.com/pa/Stand/Pages/Project201707StandardsAlignmentwithRegistration.aspx
https://www.nerc.com/pa/Stand/Pages/Project-2018-04-Modifications-to-PRC-024-2.aspx
https://www.nerc.com/pa/Stand/Pages/Project_2020-02_Transmission-connected_Resources.aspx
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BUF(EBANIERTHD. GO/GOPFIFERTIFAL

B-1 Project 2017-01 Modifications to BAL- https://www.nerc.com/pa/Stand/Pages/Proje BAL-003-2
003 ct201701ModificationstoBALO0311.aspx
B-2 Project 2017-06 Modifications to BAL- Project 2017-06 Modifications to BAL-002-2  BAL-002-3
002-2 (nerc.com)
B-3 WECC-0142 Request to Retire BAL-002- Standards WECC-0142 BAL-002-WECC-3

WECC-3, Contingency Reserve

BAHILEEEE HEERRT

Organization for Cross-regional Goordination of
Transmission Operators,JAPAN

OCCTO


https://www.nerc.com/pa/Stand/Pages/Project201701ModificationstoBAL00311.aspx
https://www.nerc.com/pa/Stand/Pages/Project-2017-06-Modifications-to-BAL-002-2.aspx
https://www.wecc.org/Standards/Pages/WECC-0142.aspx
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C-1 Fast Frequency Response Concepts and  https://www.nerc.com/comm/PC/InverterBa * FEZEFN FFR Z&DIRRIZHOSEERCLT. &
Bulk Power System Reliability Needs, sed%?20Resource%?20Performance%20Task Iz FAIZIC BPS (CHHE #9212\ —IR-XEIRD

NERC Inverter-Based Resource %20Force%20IRPT/Fast Frequency Respons  '[H&EXIZE%E{L9I 3 IEEE P2800 OERERIELTHE

Performance Task Force (IRPTF) White e Concepts and BPS Reliability Needs Whit  FATHZEEBRUTEMINZRKIE, BIF0 FFR

Paper, March 2020 e Paper.pdf BREPY-EADEZDOREULAFMIE. AEDEH
4%,

BHIEIBREE HEERRES

Organization for Cross-regional Goordination of
Transmission Operators,JAPAN

OCCTO


https://www.nerc.com/comm/PC/InverterBased%20Resource%20Performance%20Task%20Force%20IRPT/Fast_Frequency_Response_Concepts_and_BPS_Reliability_Needs_White_Paper.pdf
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1

P2800

1-1 DRAFT STANDARD FOR https://sagroups.ieee.org/2800/
INTERCONNECTION AND
INTEROPERABILITY OF INVERTER-
BASED RESOURCES INTERCONNECTING
WITH ASSOCIATED TRANSMISSION
ELECTRIC POWER SYSTEMS

1-2 Approved PAR (revised December 2020) https://development.standards.ieee.org/myp
roject-web/public/view.html#pardetail/8856

1-3  download https://mypr-
nodejs.standards.ieee.org/mypr-
file/par/8856/mypr

2  Timeline & Milestones https://sagroups.ieee.org/2800/timeline-
milestones/
3  Meetings https://sagroups.ieee.org/2800/wgmeetings/
4 1547
4-1 154770>19b6 https://standards.ieee.org/search-

results.html?g=1547

BAHILEEEE HEERRT
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https://sagroups.ieee.org/2800/
https://development.standards.ieee.org/myproject-web/public/view.html#pardetail/8856
https://mypr-nodejs.standards.ieee.org/mypr-file/par/8856/mypr
https://sagroups.ieee.org/2800/timeline-milestones/
https://sagroups.ieee.org/2800/wgmeetings/
https://standards.ieee.org/search-results.html?q=1547
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A-1 Nodal Operating Guide Revision Requests http://www.ercot.com/mktrules/issues/nogrr * ZZHBATOUSI(CHEE

A-2  All Nodal Operating Guide Revision http://www.ercot.com/mktrules/issues/repor « FEEEUAN
Requests (NOGRRS) ts/nogrr
A-3  Nodal Operating Guide Library http://www.ercot.com/mktrules/guides/nope < FEEEOYY—
rating/library
BRI EE HEERERS

Organization for Cross-regional Goordination of
Transmission Operators,JAPAN

OCCTO


http://www.ercot.com/mktrules/issues/nogrr
http://www.ercot.com/mktrules/issues/reports/nogrr
http://www.ercot.com/mktrules/guides/noperating/library
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B-1 Market Guides http://www.ercot.com/mktrules/quides * ERCOTZORIVICEDVTED. HiBSIIBEDIZHD
SRS EXE, HiSHLEE SO AN LA
DIeHDAN=ZTLEUTHERET D

B-2  Current Nodal Operating Guides http://www.ercot.com/mktrules/guides/nop * 2.3 Ancillary Services [cH—EXD&iERHD
erating/current - Regulation Down Service (Reg-Down) and

Regulation Up Service (Reg-Up) (for
Generation Resources)

- Reg-Down and Reg-Up (for Load Resource)

- Responsive Reserve (RRS)

- Non-Spinning Reserve (Non-Spin) Service

- Voltage Support Service (VSS)

- Black Start Service (BSS)

- Reliability Must-Run (RMR) Service

BAHILEEEE HEERRT

Organization for Cross-regional Goordination of
Transmission Operators,JAPAN
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http://www.ercot.com/mktrules/guides
http://www.ercot.com/mktrules/guides/noperating/current
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1  Market & Operations http://www.caiso.com/market/Pages/default.a CAISODZRHHERICOWLT

SpXx + Market processes and products
* Network and resource modeling
+ Outage management
+ Interchange scheduling
* Metering and telemetry
+ Settlements
+ Transmission operations
« Power contracts bulletin board
» Reports and bulletins
* Market monitoring
2 Market processes and http://www.caiso.com/market/Pages/MarketPr iz -H—EAD5REH
products ocesses.aspx + Day-ahead market
* Real-time market
+ Ancillary services %
3 Ancillary services http://www.caiso.com/Participate/Pages/Mark < ISO Tariff &FRequirementsA®dU>%
etProducts/AncillaryServices/Default.aspx
4 ISO Tariff http://www.caiso.com/rules/Pages/Regulatory * Requirements
/Default.aspx
5 California Independent http://www.caiso.com/Documents/Conformed < Appendix K Ancillary Service Requirements Protocol
System Operator -Tariff-as-of-Jan1-2022.pdf (ASRP)

Corporation, Fifth
Replacement Tariff

6 Business practice manuals  http://www.caiso.com/rules/Pages/BusinessPr + ISOFUIITRIIEAUIAINZFISOOEE, EE, 5, RETOE
detail California ISO acticeManuals/Default.aspx HHCEE T 2ARAN. FlE. F5)
operations
7 Reports and bulletins http://www.caiso.com/market/Pages/Reports + Market performance reports
Bulletins/Default.aspx
8  INITIATIVE: https://stakeholdercenter.caiso.com/Stakehold * ELABXHRE. TRIF IR, T5T1>EXBEE, TIVR
Energy storage and distributed erlnitiatives/Energy-storage-and-distributed- VAR ZARE, ISOEFH SV BB NCEIRDISOMHZA

energy resources energy-resources#phase4 DEZMEEN DL ZARFTU TV D =E



http://www.caiso.com/market/Pages/default.aspx
http://www.caiso.com/market/Pages/MarketProcesses.aspx
http://www.caiso.com/Participate/Pages/MarketProducts/AncillaryServices/Default.aspx
http://www.caiso.com/rules/Pages/Regulatory/Default.aspx
http://www.caiso.com/Documents/Conformed-Tariff-as-of-Jan1-2022.pdf
http://www.caiso.com/rules/Pages/BusinessPracticeManuals/Default.aspx
http://www.caiso.com/market/Pages/ReportsBulletins/Default.aspx
https://stakeholdercenter.caiso.com/StakeholderInitiatives/Energy-storage-and-distributed-energy-resources#phase4
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1  Rule 21 Interconnection https://www.cpuc.ca.gov/indu + BHSOBERRCIEFRINIRERIMOHEEIES. &ir. sTROEH4#TiRL
stries-and-topics/electrical- JEAVITTHD. CDAVI(E. BLE X ERFOTE ML EFa 1z i - REL NIV TR
energy/infrastructure/rule-21- ELUDD, RENMRNCEEMERDIREZH LI IRE(CENRANDT I %R TS
interconnection BHDTHD.

« BENEHE. BHOY-EITVUT7ICHIIZRE 21 OBIB(CEF2E0). HMEORE
A ZHERFLTUV,

2  RULE 21: WORKING GROUP 4 https://aridworks.org/initiative « fBIROD4DDFRECOVTOEZEAR(WGSE)
s/rule-21-working-group-4/

3 R21 WG4 Final Report https://gridworks.org/wp- PNz
content/uploads/2020/08/R21 « UL1741585E1>/\—45—DEEMEERD) 2 /(o]
-WG4-Final-Report.pdf o BUTANZFMOTO- Ry IR F-BEEEZ{EHET DIHDFHiE
o DEEIRILT-OHEBEEGEOEMCHEIURY
- PDEEIRIF-BREEIZTA (DERMS) $LUT7HVS -4 I ReERURE.
BEBRAOZHMEONHEEADIIIE

4 WORKING GROUP THREE https://gridworks.org/wp- - BEXBEEBHELEEIIFRBAS IS AN—MIN-F—DERB - HEEE - BEHE
FINAL REPORT content/uploads/2019/06/R17  #BE5t10BMRBECOVTOSHE

07007-Working-Group-Three-
Final-Report.pdf

5  Smart Inverter Working Group https://www.cpuc.ca.gov/indu ¢ AX—MMIN=A=0-F>JJ) -7 (SIWG) (&. 20135F#ITEDCPUCENTAIL

stries-and-topics/electrical- Z7IXINF-FES (CEC) DIHAICLD. DEBIIRIF—IE (DER) OEE/RI(C
energy/infrastructure/rule-21- SRR EFENIIEEREISEL T, BERA N -F—-HEEDRRICETFURL.
interconnection/smart- SIWGIE. 3EEFEICH I TREA /N9 —EEDRFICEDMEA TS,
inverter-working-group o J1—X 1 TlE. AVTANZTMNTA N -H3EHSINDIATOH DER ([SRkHSNZEH

ERRHERE(C DV THRET U . 201 74E9 B 8B T

+ J1—X 2 Tl&. IOU. DER. DER 7JV4 —5BD@EDHDT IAI NTO NI Z21%
Uz, 20204E3 8228617

o JI1—X 3 Tld BEANELIZFELLRVEEDHS. BERA I\ —FHEEDIB
INEARETU TV, HERER (CHEI TR % 3% E

(@) BHILS e E
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https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/infrastructure/rule-21-interconnection
https://gridworks.org/initiatives/rule-21-working-group-4/
https://gridworks.org/wp-content/uploads/2020/08/R21-WG4-Final-Report.pdf
https://gridworks.org/wp-content/uploads/2019/06/R1707007-Working-Group-Three-Final-Report.pdf
https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/infrastructure/rule-21-interconnection/smart-inverter-working-group
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6  GUIDE TO ENERGY STORAGE
CHARGING ISSUES
FOR RULE 21 GENERATOR
INTERCONNECTION

7 Distribution Interconnection
Handbook

8  Proceedings and Rulemaking

9  CPUC Voting Meetings

10 Distributed Energy Resource
(DER) Action Plan

11 Draft Distributed Energy
Resources Action Plan 2.0

BAHILEEEE HEERRT
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Transmission Operators,JAPAN
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https://www.pge.com/pge glo
bal/common/pdfs/for-our-
business-
partners/interconnection-
renewables/GuidetoEnergyStor
ageCharginglssues.pdf

https://www.pge.com/en US/I
arge-
business/services/alternatives-
to-pge/distribution-
handbook.page

https://www.cpuc.ca.gov/proc
eedings-and-rulemaking

https://www.cpuc.ca.gov/abou

t-cpuc/transparency-and-
reporting/cpuc-voting-

meetings

https://www.cpuc.ca.gov/dera
ctionplan

https://www.cpuc.ca.gov/-
/media/cpuc-
website/divisions/energy-
division/documents/distributed
-energy-resources-action-
plan/draft-der-action-plan-20-

public.pdf

 Pacific Gas and Electric Company (PG&E) ®yhI—IAD

REARES

BEHBIEHDR

- BECEIREERER > RIWICE, REMERFEDEEFSE (DG) 2/\>T1v)-
AX-7R-IVINIwIE (PGRE) DECERRICIBEIERTI ST AN CH;IN TS,

o IL=ILVHEIEIRTL

* ERANRZ-T1>4

* SEBEBODEROEZI>ZRU. BUTAIZPMNNSREZNR T AFELEKE B
SHOECERTE. K&, BROEICHDEAHIT 2T BEOFHECHN'D

SEENZ TS ZERO0—- Ry
BUF oz 75t 21w

* Track 1) Load Flexibility and Rates

* Track 2) Grid Infrastructure
* Track 3) Market Integration

* Track 4) DER Customer Programs


https://www.pge.com/pge_global/common/pdfs/for-our-business-partners/interconnection-renewables/GuidetoEnergyStorageChargingIssues.pdf
https://www.pge.com/en_US/large-business/services/alternatives-to-pge/distribution-handbook.page
https://www.cpuc.ca.gov/proceedings-and-rulemaking
https://www.cpuc.ca.gov/about-cpuc/transparency-and-reporting/cpuc-voting-meetings
https://www.cpuc.ca.gov/deractionplan
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/distributed-energy-resources-action-plan/draft-der-action-plan-20-public.pdf

