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

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

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

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

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

NERC Reliability Guideline Improvements to Interconnection Requirements for BPS-Connected
Inverter-Based Resources, September 2019
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AcEs/iXE =S ®E
TE Low Voltage Medium Voltage 1|—1”§:\/Vilga8?§/ Extra High Voltage
= < 34kV 34kV, 46kV, 69kV 1 61kV’ 230le 345kV, 500kV, 765kV

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

(HAR] : United States Electricity Industry Primer, U.S. Department of Energy DOE/OE-0017, 2015
https://www.energy.gov/sites/prod/files/2015/12/f28/united-states-electricity-industry-primer.pdf
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2. KEGRERE
(1) FERC Order 9

FERC Order OFE:%mlCX9 25712

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

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

SMALL GENERATOR INTERCONNECTION AGREEMENT (SGIA)

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

LGIA APPENDIX G : INTERCONNECTION REQUIREMENTS FOR A WIND GENERATING PLANT

[HHFRr) https: //www.ferc.gov/industries-data/electric/electric-transmission/generator-interconnection/final-rules-establishing
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(2) NERC Standards

NERC Standards®733E (OG5 KXENKIRETART

NERC Standards}

Resource and Demand Balancing (BAL)

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

Facilities Design, Connections, and Maintenance
(FAC)

Interchange Scheduling and Coordination (INT)

Interconnection Reliability Operations and Coordination
(IRO)

Modeling, Data, and Analysis (MOD)

Nuclear (NUC)

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

Transmission Operations (TOP)

Transmission Planning (TPL)
Voltage and Reactive (VAR)
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2. XEHRE&E 11
(2) NERC Standards

NERC Standards®>5. BN ROFMBLFCEI{RT BStandard (GERHGenerator®OHM)
NERC Standard

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

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

EOP-004-4 Event Reporting [4R>KLR—HK]

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

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

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

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

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

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

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

Control Functions [9—E>/HN\F—&SLVEEHIHER(SBRIE N/ BEREHIEHEEE CBIT 3T ILET — S D5THi]
MOD-032-1 Data for Power System Modeling and Analysis [/X\T—>2FADOETI>) EBRMTRAT -]
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(2) NERC Standards 12

NERC Standard

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

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

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

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

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

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

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

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

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

System Interfaces”

4.5 Cease to energize performance requirement
4.6 Control capability requirements

4.6.1 Capability to disable permit service

4.6.2 Capability to limit active power

4.6.3 Execution of mode or parameter changes
4.10 Enter Service

4.10.2 Enter Service Criteria

4.10.3 Performance during entering service
5 Reactive power capability and voltage/power control requirements
5.2 Reactive power capability of the DER

5.3.2 Reactive power capability of the DER

5.3.3 Voltage-reactive power mode

5.3.4 Active Power—Reactive Power mode

5.3.5 Constant Reactive Power Mode

5.4 Voltage and Active Power Control

5.4.2 Voltage-active power mode

BHILEEEE #EMET
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(3) IEEE 14

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

6 Response to Area EPS abnormal Condition
6.4 Voltage
6.4.1 Mandatory voltage tripping requirements
6.4.2 Voltage disturbance ride-through requirements
6.4.2.3 Low-voltage ride-through
6.4.2.4 High-voltage ride-through
6.4.2.5 Ride-through of consecutive voltage disturbances
6.4.2.6 Dynamic voltage support
6.4.2.7.1 Restore output without dynamic voltage support
6.4.2.7.2 Restore output with dynamic voltage support
6.5 Frequency
6.5.1 Mandatory frequency tripping requirements
6.5.2 Frequency disturbance ride-through requirements
6.5.2.3 Low-frequency ride-through capability
6.5.2.4 High-frequency ride-through capability
6.5.2.5 Rate of change of frequency (ROCOF) ride-through
6.5.2.6 Voltage Phase Angle Changes Ride-Through
6.5.2.7 Frequency-droop (frequency-power)
6.5.2.7.1 Frequency-droop (frequency-power) capability
6.5.2.7.2 Frequency-droop (frequency-power) operation
/é 6.5.2.8 Inertial Response
= 6.6 Return to service after trip

0CcC



2. KEHE 15
(3) IEEE

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

System Interfaces”

7 Power quality

7.1 Limitation of dc injection

7.2 Limitation of voltage fluctuations induced by the DER
7.2.3 Flicker

7.3 Limitation of current distortion
7.4.2 Limitation of cumulative instantaneous overvoltage

8 Islanding

8.1 Unintentional islanding

8.2 Intentional islanding

8.3 Interoperability, Information Exchange, and Protocols

10 Interoperability, information exchange, information models, and protocols
BHILEEEE #EMET

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN
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2. KEHRE 16
(3) IEEE

IEEE P2800 “Standard for Interconnection and Interoperability of Inverter-Based Resources (IBR)

Interconnecting with Associated Transmission Electric Power Systems” /D6.0 (March 2021)

4.5 Operational measurement and communication capability
4.6 Control capability requirements
4.6.1 Execution of mode or parameter changes
4.6.2 Ramping for control parameter change
4.10 Enter Service
4.10.2 Enter service and return to service criteria
4.10.3 Performance during entering service
5 Reactive Power—Voltage Control Requirements within the Continuous Operation Region
5.1 Reactive power capability
5.2 Voltage and reactive power control modes
5.2.2 RPA voltage control
5.2.3 Power factor control mode
5.2.4 Reactive power control mode
6 Active-Power - Frequency Response Requirements
6.1 Primary Frequency Response (PFR)
6.2 Fast Frequency Response (FFR)
6.2.2.2 Other variants of FFR
6.2.3 Fast Frequency Response from Wind Turbine Generator (WTG)
BHILEEEE #EMET
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(3) IEEE

IEEE P2800 “Standard for Interconnection and Interoperability of Inverter-Based Resources (IBR)

Interconnecting with Associated Transmission Electric Power Systems” /D6.0 (March 2021)

7 Response to TS abnormal conditions
7.2.2 Voltage disturbance ride-through requirements
7.2.2.1 General requirements and exceptions
7.2.2.2 Voltage disturbances within continuous operation region
7.2.2.3 Low and High voltage ride-through within the mandatory operation region
7.2.2.3.4 Current injection during ride-through mode
7.2.2.3.5 Performance specifications
7.2.2.4 Consecutive voltage dips ride-through capability
7.2.2.5 Dynamic voltage support
7.2.2.6 Restore output after voltage ride-through
7.2.3 Transient overvoltage ride-through requirements
7.3 Frequency
7.3.1 Mandatory frequency tripping requirements
7.3.2 Frequency disturbance ride-through requirements
7.3.2.3.1 Low-frequency ride-through capability
7.3.2.3.2 Low-frequency ride-through performance
7.3.2.3.3 High-frequency ride-through capability
7.3.2.3.4 High-frequency ride-through performance
7.3.2.3.5 Rate of change of frequency (ROCOF) ride-through
/é 7.3.2.4 Voltage Phase Angle Changes Ride-Through
7.4 Return to service after IBR plant trip

0CC.u
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(3) IEEE

IEEE P2800 “Standard for Interconnection and Interoperability of Inverter-Based Resources (IBR)

Interconnecting with Associated Transmission Electric Power Systems” /D6.0 (March 2021)

8 Power quality

8.1 DC injection

8.2 Limitation of voltage fluctuations induced by the IBR plant
8.2.3 Flicker

8.3 Limitation of harmonic distortion
8.4.1 Limitation of cumulative instantaneous overvoltage
8.4.2 Limitation of over-voltage over one fundamental frequency period

9 Protection

9.1 Frequency Protection

9.2 Rate of Change of Frequency (ROCOF) Protection

9.3 Voltage Protection

9.4 AC Overcurrent Protection

9.5 Unintentional Islanding Protection

9.6 Interconnection System Protection

10 Modeling Data

11 Measurement data for performance monitoring and validation
BHILEEEE #EMET

Organization for Cross-regional Coordination of
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(3) IEEE

SR

19

Comparison of P2800 Draft 5.1 with IEEE 1547-2018

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

IEEE STANDARDS ASSOCIATION

(HFr]http://sagroups.ieee.org/2800/wp-content/uploads/sites/336/2021/01/IEEE-P2800_General-Information.pdf

@
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(4) RTO/ISO (PIM/CAISO/ERCOT) O#iFE

PIM

20

PJM Manual 14D Generator Operational Requirements

4.1
4.2
4.3
6.3
7.1.1
7.1.2
7.1.4
7.1.5
7.1.6
7.3.4
8.2
12.2

Attachment D

BHLEREEEHEME

Organization for Cross-regional Coordination of

0CCT0

Transmission Operators, JAPAN

Data Exchange and Metering Requirements

Data Management and Metering Requirements
Synchrophasor Communication System

Coordination with Dispatch

Generator Real-Power Control

Voltage and Reactive Control

Generator Operation under Constrained System Conditions
Generator Operation under Emergency Operating Conditions
Black Start

Generating Unit Reactive Capability Reporting

Wind Farm Data Requirement for Wind Power Forecasting
Solar Park Data Requirement for Solar Power Forecasting

PJM Generating Unit Reactive Capability Curve Specification and Reporting Procedures



2. KEFE

(4) RTO/ISO (PIM/CAISO/ERCOT) D#Riz 21
PIM
Attachment A Generation Interconnection Feasibility Study Data
Attachment B System Impact Study Data
Attachment C Small Generator (10MW or Less) Technical Requirements and Standards
Attachment D Small Generator (greater than 10MW up to 20MW) Technical Requirements and Standards
Attachment E Generator Reactive Deficiency Mitigation Process
Attachment F SCADA Requirements by Transmission Owner Region

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

4.7.1.1 Reactive Power Design Criteria
4.7.2 Primary Frequency Response
4.7.2.1 Governor or Equivalent Controls
4.7.2.2 Timely and Sustained Response
4.7.2.4 Energy Storage Resources
4.8 Under- and Over-Frequency and Under- and Over-Voltage Conditions
4.9.1 System Protection
4.9.2 Power Quality
BHILEEEE #EMET
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KEHE

(4) RTO/ISO (PIM/CAISO/ERCOT) DRte

CAISO

22

CAISO TARIFF APPENDIX V Large Generator Interconnection Agreement

5.4

9.6.1

9.6.2
9.6.2.1
9.7.3

9.7.4

9.7.5

9.7.6

9.10
Appendix H

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

Power System Stabilizers

Power Factor Design Criteria

Voltage Schedules

Governors and Regulators

Under-Frequency and Over Frequency Conditions

System Protection Facilities

Requirements for Protection

Power Quality

Disturbance Analysis Data Exchange

INTERCONNECTION REQUIREMENTS FOR A WIND GENERATING PLANT
Low Voltage Ride-Through (LVRT) Capability
Power Factor Design Criteria (Reactive Power)

Supervisory Control and Data Acquisition (SCADA) Capability
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(4) RTO/ISO (PIM/CAISO/ERCOT) O#iF2
CAISO

CAISO TARIFF Appendix T Small Generator Interconnection Agreement

1.8.1 Reactive Power and Primary Frequency Response

1.8.3 Primary Frequency Response

1.8.3.4 Electric Storage Resources

Attachment 7 INTERCONNECTION REQUIREMENTS FOR AN ASYNCHRONOUS SMALL GENERATING FACILITY

i Low Voltage Ride-Through (LVRT) Capability
il Frequency Disturbance Ride-Through Capability

iii. Power Factor Design Criteria (Reactive Power)

iv. Supervisory Control and Data Acquisition (SCADA) Capability
V. Power System Stabilizers (PSS)
BHILEHEE #HE MRS

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN
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(4) RTO/ISO (PIM/CAISO/ERCOT) D#iE 24
ERCOT
2.2 System Operations and Control Requirements
2.2.3 Response to Transient Voltage Disturbance
2.2.4 Load Frequency Control (LFC)
2.2.5 Automatic Voltage Regulators (AVR)
2.2.6 Power System Stabilizers (PSS)
2.2.7 Turbine Speed Governors
2.2.8 Performance/Disturbance/Compliance Analysis
2.2.9 Time Synchronization
2.2.10 Generation Resource and Energy Storage Resource Response Time Requirements
2.2.10 GSh;tting down and disconnecting Generation Resources or ESRs from the ERCOT Transmission
ri
2.6 Requirements for Under-Frequency and Over-Frequency Relaying
2.6.2 Requirements for Under-Frequency and Over-Frequency Relaying
2.6.2 Frequency Ride-Through Requirements for Distribution Generation Resources (DGRs) and
Distribution Energy Storage Resources (DESRs)
2.7 Real-Time Operational Voltage Control
2.7.3 System Voltage Profile and Operational Voltage Control
2.7.3 Resource Entity Responsibilities and Generation Resource and Energy Storage Resource

Requirements

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN
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(4) RTO/ISO (PIM/CAISO/ERCOT) D#iE 25
ERCOT
2.9 Voltage Ride-Through Requirements for Generation Resources and Energy Storage Resources
2.9.1 Voltage Ride-Through Requirements for Generation Resources and Energy Storage Resources
2.9.1 Voltage Ride-Through Requirements For Generator Resources
2.91 Voltage Ride-Through Requirements for Distribution Generation Resources (DGRs) and Distribution
Energy Storage Resources (DESRS)
4 Emergency Operation
4.5.3 Implementation
4.6.2 Strategies (Blackout)
6 Disturbance Monitoring and System Protection
6.1 Disturbance Monitoring Requirements
6.2 System Protective Relaying
7 Telemetry and Communication
7.3 Telemetry
BHILEEEE #EMET
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(5) BIRAYIN\N—9—EJECEIT iR 26
P

FERC Order No.
661-A (2005)

IEEE1547-2018

CAJN Rule21

IEEE P2800
(20215FF4Q% 1T
FIE)

0C...

Interconnection for Wind Energy
20MWIBOR TR F a4 | AORBZUR

« Low voltage ride-through (LVRT) capability

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

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

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

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

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

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

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

. EEHEE (EZFUY. i=bEHEH)

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

Generating Facility Interconnections

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

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

+ Phase-II: JEE*%% (TCP/IP)’f%!%ﬁE

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

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

o HIfEOERENERL. OB
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HENE S —BEHH

ENRE (S RNEHE. JUvh)
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T )NUF=33>, ®ZHUY
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(6) NERC Reliability Guideline

BPS-Connected Inverter-Based Resource Performance, September 2018

(IEEE1547-2018DxSKREBIFREIRVE. 12\ —-5—BIFRICER)

Chapter 1 Momentary Cessation
« Considerations for Type 3 and Type 4 Wind Turbine Generators
« Mitigating Ramp Rate Interactions

Chapter 2 Active Power-Frequency Control
» Ensuring Robust Frequency Measurement and Protection
* FERC Order No. 842
« Steady-State Active Power-Frequency Control
* Dynamic Active Power-Frequency Control

Chapter 3 Reactive Power-Voltage Control
* Inverter Regulation Controls
 Reactive Power-Voltage Control and FERC Order No. 827
* Inverter-Based Resource Reactive Capability
« Steady-State Reactive Power Control and Droop
* Large and Small Disturbance Performance Characteristics
« Small Disturbance Reactive Power-Voltage Performance
« Large Disturbance Reactive Current-Voltage Performance
» Reactive Power at No Active Power Output

Chapter 4 Inverter-Based Resource Protection

* Overview of Inverter-Based Resource Protective Functions

» Inverter Tripping and Shutdown

» Return to Service following a Trip

* Frequency and Voltage Ride-Through Related to PRC-024-2

» Overvoltage Protection
Voltage Measurement Filtering and Instantaneous Trip Settings
Protection Coordination Improvements
Recommended Overvoltage Protection

» Frequency Tripping Mechanism

« Rate-of-Change-of-Frequency Measurement and Protection

» Over- and Underfrequency Protection

» Phase Lock Loop Loss of Synchronism

/@ * DC Reverse Current Protection

= * Successive Voltage Dips
0CLiu
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KEREF

(6) NERC Reliability Guideline

BPS-Connected Inverter-Based Resource Performance, September 2018
(IEEE1547-2018DXREREIRVE. 1 N—-F—EBIRICEH)

Chapter 5

Chapter 6

Chapter 7

0CCT0

BHLEREEEHEME

Organization for Cross-regional Coordination of
Transmission Operators, JAPAN

IEEE Std. 1547 and UL Std. 1741
« Description of IEEE Std. 1547
« Description of UL Std. 1741
« UL Std. 1741 Certification and IEEE Std. 1547

Measurement Data and Performance Monitoring
» Measurement Technologies
« Measurement and Monitoring Data
Data Time Synchronization
Data Retention
Latching of Inverter Events

Other Topics for Consideration
« Controls Interactions and Controls Instability
« Dispatchability
« Grid Forming Inverter Concept

28
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(6) NERC Reliability Guideline

Improvements to Interconnection Requirements for BPS-Connected Inverter-Based Resources, September 2019
(BPSICIEGiENTA >IN -4 —EIRICER)

Chapter 1 Interconnection Requirements Improvement

Chapter 2 Detailed Description of Requirements Improvement
» Momentary Cessation
* Phase Jump Immunity
« Capability Curve
» Active Power-Frequency Control
 Reactive Power-Voltage and Reactive Current-Voltage Control
* Inverter Current Injection during Fault Conditions
« Fault Ride-Through Capability
» Grid Forming Capabilities
» System Restoration and Blackstart Capability
 Return to Service following Tripping
» Balancing
» Monitoring
* Operation in Low Short-Circuit Strength Networks
« Power Quality

Chapter 3 Detailed Description of Modeling Improvement
» Timing of Modeling Data Submittals
» Steady-State Power Flow Modeling
» Positive Sequence Stability Modeling
» Short-Circuit Modeling
« Electromagnetic Transient Modeling
« Benchmarking Positive Sequence Stability Models with EMT Models

BHLEREEEHEME
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(7) HdtaEnm

FERICEITDMEWIR ZATFITRT

9%

SSTI SIREEARUDIEELER (SSTI) SLUBIEAHIGMEELER (SSCI) (X, $FIC_EMHRE (9173) A
(sub-synchronous A—EUCBVT. IMEB T TEMFTO—DEL TR T2 EN DD, /N1/NAT1LF—. FACTST/\( X,
torsional interaction) By (H2E>7) HIHREDEIRN®DS.

SSCI B BN OX BRI R NI RARIER R D R EPTORIFEAHIRZ Lo TEIEFR NI A EZE M.
(sub-synchronous NI=ILHIROZIR(E. RSAT KA > ET Uy REDFHIRZ B8 S Bz CHEMBIIREI Z RS B RS, RSAD
control interaction) NA>EF—E> DRI ZRENMED MLIZ TR EICKD ., ZE M ZERT D,

(&%) 2019F8HIHDOREAMRIRGE (XBIRNDEE(CLDIEGL CW/IRIEDEELEIR,
GTCC. F EWFTAZEREEIINFELE) (CBVT. F LWFTEBIHIRNARSNTHD. KETOES
EFRBIN HIRRRADOM EHEBENFEE = R(TSkeHEN S,

Grid forming inverter EIHARED LS (C RN EE BRI ZHEFF T DL DD FIEES

IEEE P2800 (CBWVTH. LT DEEEkDD,
Annex C (informative) Inverter stability and system strength
C.3.2 Subsynchronous instability involving transmission elements and rotating machines
C.4. Grid forming inverters
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FERC Order
Order No. 827 : Reactive Power Requirements for Non-Synchronous Generation
Order No. 842 : Essential Reliability Services and the Evolving Bulk-Power System—Primary Frequency Response
STANDARD LARGE GENERATOR INTERCONNECTION AGREEMENT (LGIA)
SMALL GENERATOR INTERCONNECTION AGREEMENT (SGIA)
Order No. 828 : Requirements for Frequency and Voltage Ride Through Capability of Small Generating Facilities
Order No. 661-A : Interconnection for Wind Energy
LGIA APPENDIX G : INTERCONNECTION REQUIREMENTS FOR A WIND GENERATING PLANT

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

IEEE 1547-2008 : Standard for Interconnecting Distributed Energy Resources with Associated Electric Power System
Interfaces

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

PIM

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

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

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

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

ERCOT
Nodal Operating Guide , October 1, 2020

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