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February 24, 2023 
 
  
Advice 6635-E-B 
(Pacific Gas and Electric Company ID U 39 E) 

 
Public Utilities Commission of the State of California 

Subject: Second Supplemental - Modifications to Electric Tariff Rule 21 to 
Incorporate IEEE 1547.1-2020 Test Procedures into Testing Regime for 
Phase 2 and 3 Requirements in Compliance with Resolutions E-5000 
and E-5036 

Purpose 

Pacific Gas and Electric Company (PG&E) hereby submits this supplemental Tier 2 
advice letter to propose additional modifications to PG&E’s Electric Rule 21 (Rule 21) in 
furtherance of transitioning from UL1741SA to UL1741SB requirements and aligning with 
IEEE1 1547-2018 and IEEE 1547.1-2020 standards for inverter-based Generating 
Facilities, pursuant to California Public Utilities Commission (CPUC, or Commission) 
Resolutions E-5000 and E-5036.  
 
This second supplemental advice letter supplements the original and previous 
supplemental ALs 6635-E-A in part, proposing revisions to Rule 21 to further align with 
the other IOUs’2 language and make minor corrections. The revised tariff sheets are listed 
on Attachment A and are attached hereto.   
 
Background 

PG&E submitted AL 6635-E3 on July 1, 2022 in compliance with CPUC Resolutions  
E-50004 and E-50365 to incorporate into Rule 21 a transition plan from UL1741SA 

 
1  Institute of Electrical and Electronics Engineers (IEEE) 
2  The Investor-Owned Utilities (IOUs) include, Pacific Gas and Electric Company (PG&E), 

Southern California Edison Company, and San Diego Gas & Electric Company (SDG&E). 
3  PG&E Advice Letter 6635-E, Modifications to Electric Tariff Rule 21 to Incorporate IEEE 

1547.1-2020 Test Procedures into Testing Regime for Phase 2 and 3 Requirements in 
Compliance with Resolutions E-5000 and E5036, submitted July 1, 2022 

4  Resolution E-5000 - Resolution E-5000. Clarifies smart inverter communications requirements 
in response to the Petition of the California Solar & Storage Association for Modification of 
Resolution E-4832 and Resolutions E-4898. 

5  Resolution E-5036 - Resolution E-5036. Clarifies the testing requirements for smart inverter 
Phase 2 communications and corrects a typographical error in Resolution E-5000. 

https://www.pge.com/tariffs/assets/pdf/adviceletter/ELEC_6635-E.pdf
http://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M309/K713/309713654.PDF
http://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M321/K596/321596742.PDF
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inverter requirements to new the UL1741SB requirements.  PG&E later submitted AL 
6635-E-A on July 20, 2022 to revise Rule 21 to further align with the other IOUs’ 
language and to make minor corrections. 

 
This Supplemental Advice Letter 6635-E-B 

The CPUC Energy Division conducted its reviews of ALs 6635-E- and 6635-E-A, and 
identified areas for further revision to more closely align with IEEE 1547-2018 and 
also with the other IOUs’ tariffs.   
 
This supplemental includes revisions as noted below to further align with IEEE 1547-
2018 and the other IOU’s language, and to make minor corrections. 

 
Proposed Tariff Changes 

 
As discussed with the CPUC Energy Division, the following changes have been made 
to PG&E’s Rule 21. 
 

• Updating references from “IEEE 1547” to “IEEE 1547-2018” for clarity, 
wherever applicable, and also updating specific references to sections of IEEE 
1547-2018 to add or correct their proper subsections (i.e. updating Section 
H.1.c. reference to “IEEE 1547-2018, 4.11” to add “IEEE 1547-2018, 4.11.3” or 
updating Section L.3.g’s reference from “IEEE 1547-2018, 4.11.3” to “IEEE 
1547-2018, 4.11.2”); 
 

• In Section B.5, “Applicability of IEEE 16547-2018 Requirements,” updating 
references from “34.5 kV” to “50 kV” to align with Southern California Edison 
Company’s and San Diego Gas & Electric Company’s tariffs;  

 

• In Section P.1.a, updating frequency ranges from "58.8 Hz” and “61.2 Hz” to 
“59.0 Hz” and “60.5 Hz,” respectively, as discussed during the CPUC’s Smart 
Inverter Working Group (SIWG);  

 

• The following change to Section P.2.a, “Voltage Regulation”  
 

The Generating Facility shall not If approved by the Distribution Provider, the 
Smart Inverter may actively regulate the voltage at the PCC while in parallel 
with Distribution Provider’s Distribution System. The Generating Facility Smart 
Inverter shall not cause the service voltage at other customers to go outside 
the requirements of ANSI C84.1-1995, Range A. (IEEE 1547-2018, 5.1) 

 

• In Section P.2.t, replacing the word “Conservative” with “Consecutive”; 
 

• Minor changes to correct grammar, as applicable. 
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No cost information is required for this advice letter. 

This advice letter will not increase any rate or charge, cause the withdrawal of service, or 
conflict with any other schedule or rule. 

Protests 

Pursuant to GO 96-B, General Rule 7.5.1., PG&E request to maintain the original protest 
and comment period designated in Advice Letter 6635-E and not reopen the protest 
period. 
 
Effective Date 

Pursuant to General Order (GO) 96-B, Rule 5.2, this advice letter is submitted with a Tier 
2 designation. PG&E requests that this Tier 2 advice submittal become effective on 
regular notice on August 1, 2022, which was the proposed start date of the first phase of 
the proposed transition schedule described in Advice Letters 6635-E and 6635-E-A.  

Notice 

In accordance with General Order 96-B, Section IV, a copy of this advice letter is being 
sent electronically to parties shown on the attached list and the parties on the service list 
for R.17-07-007, R. 11-09-011.  Address changes to the General Order 96-B service list 
should be directed to PG&E at email address PGETariffs@pge.com.  For changes to any 
other service list, please contact the Commission’s Process Office at (415) 703-2021 or 
at Process_Office@cpuc.ca.gov.  Send all electronic approvals to PGETariffs@pge.com.  
Advice letter submittals can also be accessed electronically at: 
http://www.pge.com/tariffs/. 

 
  /S/    
Sidney Bob Dietz II 
Director, Regulatory Relations 
 
 
Attachments: 
Attachment A: Tariff Sheets 
Attachment B: Redline Tariff Revisions 
 
cc: Service List R.17-07-007, R.11-09-011 



ADVICE LETTER 
S U M M A R Y
ENERGY UTILITY

Company name/CPUC Utility No.:

Utility type:
Phone #: 

EXPLANATION OF UTILITY TYPE

ELC GAS

PLC HEAT

MUST BE COMPLETED BY UTILITY (Attach additional pages as needed)

Advice Letter (AL) #: 

WATER
E-mail: 
E-mail Disposition Notice to:

Contact Person:

ELC = Electric
PLC = Pipeline

GAS = Gas
HEAT = Heat WATER = Water

(Date Submitted / Received Stamp by CPUC)

Subject of AL:

Tier Designation:

Keywords (choose from CPUC listing):
AL Type: Monthly Quarterly Annual One-Time Other:
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California Public Utilities Commission
Energy Division Tariff Unit  Email: 
EDTariffUnit@cpuc.ca.gov 

Protests and correspondence regarding this AL are to be sent via email and are due no later than 20 days 
after the date of this submittal, unless otherwise authorized by the Commission, and shall be sent to:
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Telephone (xxx) xxx-xxxx: 
Facsimile (xxx) xxx-xxxx: 
Email:

Contact Name:
Title:
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Email:

CPUC
Energy Division Tariff Unit
505 Van Ness Avenue
San Francisco, CA 94102

Director, Regulatory Relations

Clear Form

Pacific Gas and Electric Company

PGETariffs@pge.com

Sidney Bob Dietz II, c/o Megan Lawson

mailto:EDTariffUnit%40cpuc.ca.gov?subject=


Attachment A 
Advice 6635-E-B 

Cal P.U.C. 
Sheet No. Title of Sheet 

Cancelling 
Cal P.U.C. 
Sheet No. 

 

Page 1 of 1 

 

55545-E ELECTRIC RULE NO. 21 
GENERATING FACILITY INTERCONNECTIONS 
Sheet 16 

42313-E 

55546-E ELECTRIC RULE NO. 21 
GENERATING FACILITY INTERCONNECTIONS 
Sheet 178 

50841-E 

55547-E ELECTRIC RULE NO. 21 
GENERATING FACILITY INTERCONNECTIONS 
Sheet 185 

50848-E 

55548-E ELECTRIC RULE NO. 21 
GENERATING FACILITY INTERCONNECTIONS 
Sheet 189 

50852-E 

55549-E ELECTRIC RULE NO. 21 
GENERATING FACILITY INTERCONNECTIONS 
Sheet 248 

44414-E 

55550-E ELECTRIC RULE NO. 21 
GENERATING FACILITY INTERCONNECTIONS 
Sheet 249 

53022-E 

55551-E ELECTRIC RULE NO. 21 
GENERATING FACILITY INTERCONNECTIONS 
Sheet 286 

 

55552-E ELECTRIC RULE NO. 21 
GENERATING FACILITY INTERCONNECTIONS 
Sheet 288 

 

55553-E ELECTRIC RULE NO. 21 
GENERATING FACILITY INTERCONNECTIONS 
Sheet 291 

 

55554-E ELECTRIC RULE NO. 21 
GENERATING FACILITY INTERCONNECTIONS 
Sheet 294 

 

55555-E ELECTRIC RULE NO. 21 
GENERATING FACILITY INTERCONNECTIONS 
Sheet 304 

 

55556-E ELECTRIC TABLE OF CONTENTS 
Sheet 1 

54809-E 

55557-E ELECTRIC TABLE OF CONTENTS 
Sheet 20 

54834-E 
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 ELECTRIC RULE NO. 21 Sheet 16  

GENERATING FACILITY INTERCONNECTIONS  
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B. APPLICABILITY (Cont’d.) 

3. APPLICABLE CODES AND STANDARDS 

This Rule has been harmonized with the requirements of Institute of 
Electrical and Electronic Engineers (IEEE) 1547-2018 Standards for 
Interconnecting Distributed Resources with Electric Power Systems.  In 
some sections, IEEE 1547-2018 language has been adopted directly or by 
reference. In others, IEEE 1547-2018 requirements were interpreted and 
this Rule’s language was changed to maintain the spirit of both 
documents. 

 

 

The language from IEEE 1547-2018 that has been adopted directly or by 
reference (as opposed to paraphrased language or previous language that 
was determined to be consistent with IEEE 1547-2018) is followed by a 
citation that lists the clause from which the language derived.  For 
example, IEEE 1547-2018, 4.1.1 is a reference to Clause 4.1.1. 

In the event of any conflict between this Rule, any of the standards listed 
herein, or any other applicable standards or codes, the requirements of 
this Rule shall take precedence. 

4. RETAIL CUSTOMER ENERGY STORAGE DEVICES 

For retail customers interconnecting energy storage devices pursuant to 
this Rule, the load aspects of the storage devices will be treated pursuant 
to Rules 2, 3, 15, and 16 just like other load, using the incremental net 
load for non-residential customers, if any, of the storage devices. 

5. APPLICABILITY OF IEEE 1547-2018 REQUIREMENTS 

 The system’s voltage at Point of Interconnection (POI) will determine the 
required Generating Facility operating requirements. Where voltage at 
the Point of Interconnection is less than 50 kV, for applicable generation 
technology, IEEE 1547-2018 and related certification requirements are 
required. Where POI voltage is greater than or equal to 50 kV, the 
Distribution Provider’s Interconnection Handbook will outline operating 
and performance requirements consistent with North American Electric 
Reliability Corporation (NERC) and CAISO operating requirements.  

 
 
 
 

(T) 
(T) 

 
(T) 
(T) 
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H. GENERATING FACILITY DESIGN AND OPERATING REQUIREMENTS 
(Cont’d.) 

1. GENERAL INTERCONNECTION AND PROTECTIVE FUNCTION 
REQUIREMENTS (Cont’d.) 

c. Suitable Equipment Required  

Circuit breakers or other interrupting equipment located at the Point of 
Common Coupling (PCC) must be Certified or “Listed” (as defined in 
Article 100, the Definitions Section of the National Electrical Code) as 
suitable for their intended application.  This includes being capable of 
interrupting the maximum available fault current expected at their 
location.  Producer’s Generating Facility and Interconnection Facilities 
shall be designed so that the failure of any single device or component 
shall not potentially compromise the safety and reliability of Distribution 
Provider’s Distribution and Transmission System.  The Generating 
Facility paralleling-device shall be capable of withstanding 220% of the 
Interconnection Facility rated voltage (IEEE 1547-2018, 4.11.3).  The 
Interconnection Facility shall have the capability to withstand voltage and 
current surges in accordance with the environments defined in IEEE Std 
C62.41.2-2002 or IEEE Std C37.90.1-2002 as applicable and as 
described in L.3.e (IEEE 1547-2018, 4.11.2).   

d. Visible Disconnect Required   

When required by Distribution Provider’s operating practices, Producer 
shall furnish and install a ganged, manually-operated isolating switch (or 
a comparable device mutually agreed upon by Distribution Provider and 
Producer) near the Point of Interconnection to isolate the Generating 
Facility from Distribution Provider’s Distribution or Transmission System.  
The device does not have to be rated for load break nor provide over-
current protection. 

The device must: 

i) allow visible verification that separation has been accomplished.  
(This requirement may be met by opening the enclosure to observe 
contact separation.) 

ii) include markings or signage that clearly indicates open and closed 
positions. 

iii) be capable of being reached: 

a) for Emergency purposes quickly and conveniently 24 hours a day 
by Distribution Provider personnel for construction, 

 
 
 
 
 
 

(T) 
 

(L) 
| 
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| 
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(T) 
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H. GENERATING FACILITY DESIGN AND OPERATING REQUIREMENTS 
(Cont’d.) 

2. PREVENTION OF INTERFERENCE (Cont’d.) 

e. Integration with Distribution Provider’s Distribution System Grounding   

The grounding scheme of the Generating Facility shall not cause over-
voltages that exceed the rating of the equipment connected to 
Distribution Provider’s Distribution System and shall not disrupt the 
coordination of the ground fault protection on Distribution Provider’s 
Distribution System (IEEE 1547-2018, 4.12) (See Section G.1.i, line 
configuration). 

f. Frequency   

Distribution Provider controls system frequency, and the Generating 
Facility shall operate in synchronism with Distribution Provider’s 
Distribution or Transmission System.  Whenever Distribution 
Provider’s Distribution or Transmission System frequency at the PCC 
varies from and remains outside normal (nominally 60 Hz) by the 
predetermined amounts set forth in Table H.2, the Generating 
Facility’s Protective Functions shall cease to energize Distribution 
Provider’s Distribution or Transmission System within the stated 
maximum trip time. 

 
 
 
 
 
 
 
 
 
 
 

(T) 
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H. GENERATING FACILITY DESIGN AND OPERATING REQUIREMENTS 
(Cont’d.) 

3. TECHNOLOGY SPECIFIC REQUIREMENTS   

a. Technology Specific Requirements 

Three-Phase Synchronous Generators:  For three phase Generators, 
the Generating Facility circuit breakers shall be three-phase devices 
with electronic or electromechanical control.  Producer shall be 
responsible for properly synchronizing its Generating Facility with 
Distribution Provider’s Distribution or Transmission System by means 
of either manual or automatic synchronous equipment.  Automatic 
synchronizing is required for all synchronous Generators that have a 
Short Circuit Contribution Ratio (SCCR) exceeding 0.05.  Loss of 
synchronism protection is not required except as may be necessary to 
meet Section H.2.d (Flicker) (IEEE 1547-2018, 7.2.3).  Unless 
otherwise agreed upon by Producer and Distribution Provider, 
synchronous Generators shall automatically regulate power factor, not 
voltage, while operating in parallel with Distribution Provider’s 
Distribution System.  A power system stabilization Function is 
specifically not required for Generating Facilities under 10 MW Net 
Rating. 

b. Induction Generators 

Induction Generators (except self-excited Induction Generators) do 
not require a synchronizing Function.  Starting or rapid load 
fluctuations on induction Generators can adversely impact Distribution 
Provider’s Distribution or Transmission System voltage.  Corrective 
step-switched capacitors or other techniques may be necessary and 
may cause undesirable ferro-resonance.  When these counter 
measures (e.g. additional capacitors) are installed on Producer's side 
of the PCC, Distribution Provider must review these measures.  
Additional equipment may be required as determined in a 
Supplemental Review or an Interconnection Study. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(T) 
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L. CERTIFICATION AND TESTING CRITERIA (Cont’d.) 

3. TYPE TESTING (Cont’d.) 

f. Synchronization Test  

This test is applied to synchronous Generators, self-excited induction 
generators, and inverters capable of operating as voltage-source while 
connected to Distribution Provider’s Distribution or Transmission 
System.  The test is also applied to the resynchronization Function 
(transition from stand-alone to parallel operation) on equipment that 
provides such functionality.  This test may not need to be performed 
on both the synchronization and re-synchronization functions if the 
manufacturers can verify to the satisfaction of the testing organization 
that monitoring and controls hardware and software are common to 
both functions. This test is not necessary for induction generators or 
current-source inverters.  Instead, the ln-rush Current test Section 
L.3.d shall be applied to those generators. 

This test shall demonstrate that at the moment of the paralleling-
device closure, all three synchronization parameters in Table L.3 are 
within the stated limits.  This test shall also demonstrate that if any of 
the parameters are outside of the limits stated in the table, the 
paralleling-device shall not close (IEEE 1547-2018, 4.10.4).  The test 
will start with only one of the three parameters:  (1) voltage difference 
between Generating Facility and Distribution Provider’s Distribution or 
Transmission System; (2) frequency difference; or (3) phase angle 
outside of the synchronization specification.  Verify that the 
Generating Facility is brought within specification prior to 
synchronization.  Repeat the test five times for each of the three 
parameters.  For manual synchronization with synch check or manual 
control with auto synchronization, the test must verify that paralleling 
does not occur until the parameters are brought within specifications. 
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L. CERTIFICATION AND TESTING CRITERIA (Cont’d.) 

3. TYPE TESTING (Cont’d.) 

f. Synchronization Test (Cont’d.) 

Table L.3 
Synchronization Parameter Limits [1] 

 

Aggregate Rating Frequency Voltage Difference Phase Angle 

of Generator Units  Difference (V, %)  Difference 

 (kVA) (f, Hz) (,) 

0-500     0.3  10 20 

> 500-1,500    0.2 5 15 

> 1,500-10,000    0.1 3 10 

 

[1] – IEEE 1547-2018, 4.10.4 

 

g. Paralleling Device Withstand Test 

The di-electric voltage withstand test specified in Section L.1 shall be 
performed on the paralleling device to ensure compliance with those 
requirements specified in Section H.1.c (IEEE 1547-2018, 4.11.2). 

h. Backfeed Test 

Non-Export AC/DC Converters must satisfy the requirements in its 
definition in Section C. 

4. PRODUCTION TESTING 

At a minimum, each interconnection system shall be subjected to 
Distribution Provider Voltage and Frequency Variation Test procedure 
described in UL1741 under Manufacturing and Production Tests, Section 
68 and the Synchronization test specified in Section L.3.f.  Interconnection 
systems with adjustable set points shall be tested at a single set of set 
points as specified by the manufacturer.  This test may be performed in 
the factory or as part of a Commissioning Test (Section L.5). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(T) 
 
 
 
 
 

(T) 
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P. SMART INVERTER GENERATING FACILITY DESIGN AND OPERATING 
REQUIREMENTS FOR UL1741SB INVERTERS (Cont’d) 

1. General Interconnection and Protective Function Requirements (Cont’d) 
 

a. Protective Functions Required  
 

Smart Inverters operating in parallel with Distribution Provider’s 
Distribution or Transmission System shall be equipped with the 
following Protective Functions to sense abnormal conditions on 
Distribution Provider’s Distribution or Transmission System and cause 
the Smart Inverter to be automatically disconnected from Distribution 
Provider’s Distribution or Transmission System or to prevent the Smart 
Inverter from being connected to Distribution Provider’s Distribution or 
Transmission System inappropriately: 
 
(i)  Over and under voltage trip functions and over and under 

frequency trip functions; 
 
(ii) A voltage and frequency sensing and time-delay function to 

prevent the Smart Inverter  from energizing a de-energized 
Distribution or Transmission System circuit and to prevent the 
Smart Inverter from reconnecting with Distribution Provider’s 
Distribution or Transmission System unless Distribution Provider’s 
Distribution System service voltage and frequency is within the 
ANSI C84.1-1995 Table 1 Range B voltage Range of 106 volts to 
127 volts (on a 120 volt basis), inclusive, and a frequency range of 
59.0 Hz to 60.5 Hz, inclusive, and are stable for at least 15  
seconds; and 

 
(iii) A function to prevent the Smart Inverter from contributing to the 

formation of an Unintended Island, and cease to energize 
Distribution Provider’s Distribution System within two seconds of 
the formation of an Unintended Island. 

 
The Smart Inverter shall cease to energize Distribution Provider’s 
Distribution System for faults on Distribution Provider’s Distribution 
System circuit to which it is connected (IEEE 1547-2018, 6.2.1). The 
Smart Inverter shall cease to energize Distribution Provider’s 
Distribution circuit prior to re-closure by Distribution Provider’s 
Distribution System equipment (IEEE 1547-2018, 6.3). 
 

 

(N) 
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| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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| 
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P. SMART INVERTER GENERATING FACILITY DESIGN AND OPERATING 
REQUIREMENTS FOR UL1741SB INVERTERS (Cont’d) 

1. General Interconnection and Protective Function Requirements (Cont’d) 
 

c. Suitable Equipment Required 
 

Circuit breakers or other interrupting equipment located at the Point of 
Common Coupling (PCC) must be Certified or “Listed” (as defined in 
Article 100, the Definitions Section of the National Electrical Code) as 
suitable for their intended application. This includes being capable of 
interrupting the maximum available fault current expected at their 
location. Producer’s Smart Inverter and Interconnection Facilities shall 
be designed so that the failure of any single device or component shall 
not potentially compromise the safety and reliability of Distribution 
Provider’s Distribution and Transmission System. The Smart Inverter 
paralleling-device shall be capable of withstanding 220% of the 
Interconnection Facility rated voltage (IEEE 1547-2018, 4.11.3).  The 
Interconnection Facility shall have the capability to withstand voltage 
and current surges in accordance with the environments defined in 
IEEE Std C62.41.2-2002 or IEEE Std C37.90.1-2002 as applicable and 
as described in L.3.e (IEEE 1547-2018, 4.11.2). 
 

d.  Visible Disconnect Required 
 

When required by Distribution Provider’s operating practices, Producer 
shall furnish and install a ganged, manually-operated isolating switch 
(or a comparable device mutually agreed upon by Distribution Provider 
and Producer) near the Point of Interconnection to isolate the Smart 
Inverter  from Distribution Provider’s Distribution or Transmission 
System. The device does not have to be rated for load break nor 
provide over-current protection. 
 
The device must: 

 
(i)  allow visible verification that separation has been accomplished. 

(This requirement may be met by opening the enclosure to 
observe contact separation.) 

(ii)  Include markings or signage that clearly indicates open and 
closed positions. 

(iii) be capable of being reached:  
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P. SMART INVERTER GENERATING FACILITY DESIGN AND OPERATING 
REQUIREMENTS FOR UL1741SB INVERTERS (Cont’d) 

2.   Prevention of Interference (Cont’d) 
 

a.  Voltage Regulation 
 

If approved by the Distribution Provider, the Smart Inverter may actively 
regulate the voltage at the PCC while in parallel with Distribution 
Provider’s Distribution System. Smart Inverter shall not cause the service 
voltage at other customers to go outside the requirements of ANSI C84.1-
1995, Range A. (IEEE 1547-2018, 5.1) 
 

b.  Voltage Trip and Ride-Through Setting  
 

The voltage ranges in Table P-1 define protective trip limits for the 
Protective Function and are not intended to define or imply a voltage 
regulation Function.  Generating Facilities shall cease to energize 
Distribution Provider’s Distribution System within the prescribed trip time 
whenever the voltage at the PCC deviates from the allowable voltage 
operating range. The Protection Function shall detect and respond to 
voltage on all phases to which the Generating Facility is connected. 
 
i)  Smart Inverters  

 
Smart Inverters shall be capable of operating within the voltage range 
normally experienced on Distribution Provider’s Distribution System 
from plus to minus 5% of the nominal voltage (e.g. 114 volts to 126 
volts, on a 120 volt base), at the service panel or PCC. The trip 
settings at the generator terminals may be selected in a manner that 
minimizes nuisance tripping in accordance with Table P-1 to 
compensate for voltage drop between the generator terminals and the 
PCC. Voltage may be detected at either the PCC or the Point of 
Interconnection. However, the voltage range at the PCC, with the 
generator on-line, shall stay within +/-5% of nominal. 
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P. SMART INVERTER GENERATING FACILITY DESIGN AND OPERATING 
REQUIREMENTS FOR UL1741SB INVERTERS (Cont’d) 

2.   Prevention of Interference (Cont’d) 
 

c.  Paralleling 
 

The Smart Inverter shall parallel with Distribution Provider’s Distribution 
or Transmission System without causing a voltage fluctuation at the PCC 
greater than plus/minus 5% of the prevailing voltage level of Distribution 
Provider’s Distribution or Transmission System at the PCC, and meet the 
flicker requirements of Section H.2.d.  Section L, Certification and Testing 
Criteria, provides technology-specific tests for evaluating the paralleling 
Function. (IEEE 1547-2018, 4.10.4) 
 

d.  Flicker 
 

The Generating Facility shall not create objectionable flicker for other 
Customers on Distribution Provider’s Distribution or Transmission 
System. To minimize the adverse voltage effects experienced by other 
Customers, flicker at the P caused by the Generating Facility should not 
exceed the limits of IEEE 1547-2018, 7.2.3. This requirement is 
necessary to minimize the adverse voltage affects experienced by other 
Customers on Distribution Provider’s Distribution or Transmission 
System. Generators may be connected and brought up to synchronous 
speed (as an induction motor) provided these flicker limits are not 
exceeded. 

 
e.  Integration with Distribution Provider’s Distribution System Grounding 
 

The grounding scheme of the Smart Inverter shall not cause over-
voltages that exceed the rating of the equipment connected to Distribution 
Provider’s Distribution System and shall not disrupt the coordination of 
the ground fault protection on Distribution Provider’s Distribution System 
(IEEE 1547-2018, 4.12) (See Section G.1.i, line configuration). 
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P. SMART INVERTER GENERATING FACILITY DESIGN AND OPERATING 
REQUIREMENTS FOR UL1741SB INVERTERS (Cont’d) 

2. Prevention of Interference (Cont’d) 
 

s. Storage Inverter Normal Operation Ramp Control Requirements 
 

Smart Inverters used for energy storage applications shall include ramp-
up rate control. The default value shall be 100% of maximum current 
output per second or slower if required by Applicant. Other ramp-up 
control settings can be used, when required, as mutually agreed by the 
Distribution Provider and the Applicant.  

 
t. Ride-through of Consecutive Voltage Disturbances 

 
Ride-through of consecutive voltage disturbances shall be in accordance 
with IEEE 1547-2018, 6.4.2.5. 
 

u. Restore output without dynamic voltage support 
 

Restore output without dynamic voltage support shall be in accordance 
with IEEE 1547-2018, 6.4.2.7.1. 

 
v. Transition between performance operating regions:   

 
Transition between performance operating regions should be in 
accordance with IEEE 1547-2018, 6.4.2.7.3. 

 
w. Constant Reactive Power Mode 

 
When in this mode, the Smart Inverter shall maintain a constant reactive 
power. The target reactive power level and mode (injection or 
absorption) shall be specified by the Distribution Provider and shall be 
within the same range specified in IEEE 1547-2018 section 5.3.5. The 
reactive power settings are allowed to be adjusted locally and/or 
remotely as specified by the Distribution Provider. The maximum Smart 
Inverter response time to maintain constant reactive power shall be 10 
seconds or less. 
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Attachment B 
 

Redline Tariff Revisions 
 

These redline revisions only include modified sheets that have language changes 
in this advice letter (AL 6635-E-B). Where Electric Rule 21 has been revised, the 
affected sheets are included in Attachment A.  
 
In this advice letter and accordance to CPUC General Order 96B, Section 9.5.3, 
PG&E has implemented the use of the “(P)” symbol to signify material subject to 
change under a pending advice letter.  The redlines in Attachment 2 are color 
coded to the specific advice letter.  The color coding is as follows: 
 

Redline  
Text Color 

Advice 
Letter Subject Comments 

 

6635-E 

Modifications to Electric Tariff Rule 21 to 
Incorporate IEEE 1547.1-2020 Test 
Procedures into Testing Regime for 
Phase 2 and 3 Requirements in 
Compliance with Resolutions E-5000 and 
E 5036 

This advice letter is superseded by 
Advice 6635-E-A and Advice 
6635-E-B. The redline changes 
remain in blue, so the additional 
supplemental changes can be 
identified compared to Advice 
6635-E revisions. 

 

6635-E-A 

Supplemental: Modifications to Electric 
Tariff Rule 21 to Incorporate IEEE 
1547.1-2020 Test Procedures into 
Testing Regime for Phase 2 and 3 
Requirements in Compliance with 
Resolutions E-5000 and E 5036 

In this advice letter, revisions are 
made pursuant to Resolutions E-
5000 and E-5036. 

 

6635-E-B 

Second Supplemental: Modifications to 
Electric Tariff Rule 21 to Incorporate 
IEEE 1547.1-2020 Test Procedures into 
Testing Regime for Phase 2 and 3 
Requirements in Compliance with 
Resolutions E-5000 and E 5036 

In this advice letter, revisions are 
made pursuant to Resolutions E-
5000 and E-5036. This 
supplemental further aligns with 
the other IOUs and makes minor 
corrections.  
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B. APPLICABILITY (Cont’d.) 

3. APPLICABLE CODES AND STANDARDS 

This Rule has been harmonized with the requirements of American 
National Standards Institute/Institute of Electrical and Electronic Engineers 
(ANSI/IEEE) 1547-2003 Standards for Interconnecting Distributed 
Resources with Electric Power Systems2018  In some sections, IEEE 
1547-2018 language has been adopted directly or by reference., Iin 
others, IEEE 1547-2018 requirements were interpreted and this Rule’s 
language was changed to maintain the spirit of both documents. 

UL1741- Supplement SA has been utilized for certification of phase I 
Smart Inverters (Phase 1 Smart Inverter Functions) as outlined in section 
Hh. 

The language from IEEE 1547-2018 that has been adopted directly or by 
reference (as opposed to paraphrased language or previous language that 
was determined to be consistent with IEEE 1547-2018) is followed by a 
citation that lists the clause from which the language derived.  For 
example, IEEE 1547-2018, 4.1.1 is a reference to Clause 4.1.1. 

In the event of any conflict between this Rule, any of the standards listed 
herein, or any other applicable standards or codes, the requirements of 
this Rule shall take precedence. 

4. RETAIL CUSTOMER ENERGY STORAGE DEVICES 

For retail customers interconnecting stationary or mobile energy storage 
devices pursuant to this Rule, the load aspects of the storage devices will 
be treated pursuant to Rules 2, 3, 15, and 16 just like other load, using the 
incremental net load for non-residential customers, if any, of the storage 
devices. 

5. APPLICABILITY OF IEEE 1547-2018 REQUIREMENTS 

 The system’s voltage at Point of Interconnection (POI) will determine the 
required Generating Facility operating requirements. Where voltage at the 
Point of Interconnection is less than 34.550 kV, for applicable generation 
technology, IEEE 1547-2018 and related certification requirements are 
required. Where POI voltage is greater than or equal to 34.550 kV, the 
Distribution Provider’s Interconnection Handbook will outline operating and 
performance requirements consistent with North American Electric 
Reliability Corporation (NERC) and CAISO operating requirements. 
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H. GENERATING FACILITY DESIGN AND OPERATING REQUIREMENTS 
(Cont’d.) 

1. GENERAL INTERCONNECTION AND PROTECTIVE FUNCTION 
REQUIREMENTS (Cont’d.) 

c. Suitable Equipment Required (Cont’d.) 

Circuit breakers or other interrupting equipment located at the Point of 
Common Coupling (PCC) must be Certified or “Listed” (as defined in 
Article 100, the Definitions Section of the National Electrical Code) as 
suitable for their intended application.  This includes being capable of 
interrupting the maximum available fault current expected at their 
location.  Producer’s Generating Facility and Interconnection Facilities 
shall be designed so that the failure of any single device or component 
shall not potentially compromise the safety and reliability of Distribution 
Provider’s Distribution and Transmission System.  The Generating 
Facility paralleling-device shall be capable of withstanding 220% of the 
Interconnection Facility rated voltage (IEEE 1547-4.1.8.32018, 4.11.3).  
The Interconnection Facility shall have the capability to withstand 
voltage and current surges in accordance with the environments 
defined in IEEE Std C62.41.2-2002 or IEEE Std C37.90.1-2002 as 
applicable and as described in L.3.e (IEEE 1547-4.1.8.22018, 4.11.2).   

d. Visible Disconnect Required   

When required by Distribution Provider’s operating practices, Producer 
shall furnish and install a ganged, manually-operated isolating switch 
(or a comparable device mutually agreed upon by Distribution Provider 
and Producer) near the Point of Interconnection to isolate the 
Generating Facility from Distribution Provider’s Distribution or 
Transmission System.  The device does not have to be rated for load 
break nor provide over-current protection. 

The device must: 
i) allow visible verification that separation has been accomplished.  

(This requirement may be met by opening the enclosure to 
observe contact separation.) 

ii) include markings or signage that clearly indicates open and closed 
positions. 

iii) be capable of being reached: 

a) for Emergency purposes quickly and conveniently 24 hours a 
day by Distribution Provider personnel for construction, 
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H. GENERATING FACILITY DESIGN AND OPERATING REQUIREMENTS 
(Cont’d.) 

2. PREVENTION OF INTERFERENCE (Cont’d.) 

e. Integration with Distribution Provider’s Distribution System Grounding   

The grounding scheme of the Generating Facility shall not cause over-
voltages that exceed the rating of the equipment connected to 
Distribution Provider’s Distribution System and shall not disrupt the 
coordination of the ground fault protection on Distribution Provider’s 
Distribution System (IEEE 1547-4.1.22018, 4.102) (See Section G.1.i, 
line configuration). 

f. Frequency   

Distribution Provider controls system frequency, and the Generating 
Facility shall operate in synchronism with Distribution Provider’s 
Distribution or Transmission System.  Whenever Distribution 
Provider’s Distribution or Transmission System frequency at the PCC 
varies from and remains outside normal (nominally 60 Hz) by the 
predetermined amounts set forth in Table H.2, the Generating 
Facility’s Protective Functions shall cease to energize Distribution 
Provider’s Distribution or Transmission System within the stated 
maximum trip time. 
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H. GENERATING FACILITY DESIGN AND OPERATING REQUIREMENTS 
(Cont’d.) 

3. TECHNOLOGY SPECIFIC REQUIREMENTS   
a. Technology Specific Requirements 

Three-Phase Synchronous Generators:  For three phase Generators, 
the Generating Facility circuit breakers shall be three-phase devices 
with electronic or electromechanical control.  Producer shall be 
responsible for properly synchronizing its Generating Facility with 
Distribution Provider’s Distribution or Transmission System by means 
of either manual or automatic synchronous equipment.  Automatic 
synchronizing is required for all synchronous Generators that have a 
Short Circuit Contribution Ratio (SCCR) exceeding 0.05.  Loss of 
synchronism protection is not required except as may be necessary to 
meet Section H.2.d (Flicker) (IEEE 1547-4.2.52018, 7.2.3, 7.3).  
Unless otherwise agreed upon by Producer and Distribution Provider, 
synchronous Generators shall automatically regulate power factor, not 
voltage, while operating in parallel with Distribution Provider’s 
Distribution System.  A power system stabilization Function is 
specifically not required for Generating Facilities under 10 MW Net 
Rating. 

b. Induction Generators 

Induction Generators (except self-excited Induction Generators) do 
not require a synchronizing Function.  Starting or rapid load 
fluctuations on induction Generators can adversely impact Distribution 
Provider’s Distribution or Transmission System voltage.  Corrective 
step-switched capacitors or other techniques may be necessary and 
may cause undesirable ferro-resonance.  When these counter 
measures (e.g. additional capacitors) are installed on Producer's side 
of the PCC, Distribution Provider must review these measures.  
Additional equipment may be required as determined in a 
Supplemental Review or an Interconnection Study. 
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L. CERTIFICATION AND TESTING CRITERIA (Cont’d.) 

3. TYPE TESTING (Cont’d.) 

f. Synchronization Test  

This test is applied to synchronous Generators, self-excited induction 
generators, and inverters capable of operating as voltage-source while 
connected to Distribution Provider’s Distribution or Transmission 
System.  The test is also applied to the resynchronization Function 
(transition from stand-alone to parallel operation) on equipment that 
provides such functionality.  This test may not need to be performed 
on both the synchronization and re-synchronization functions if the 
manufacturers can verify to the satisfaction of the testing organization 
that monitoring and controls hardware and software are common to 
both functions. This test is not necessary for induction generators or 
current-source inverters.  Instead, the ln-rush Current test Section 
L.3.d shall be applied to those generators. 

This test shall demonstrate that at the moment of the paralleling-
device closure, all three synchronization parameters in Table L.3 are 
within the stated limits.  This test shall also demonstrate that if any of 
the parameters are outside of the limits stated in the table, the 
paralleling-device shall not close (IEEE 1547-5.1.2A2018, 4.10.4).  
The test will start with only one of the three parameters:  (1) voltage 
difference between Generating Facility and Distribution Provider’s 
Distribution or Transmission System; (2) frequency difference; or (3) 
phase angle outside of the synchronization specification.  Verify that 
the Generating Facility is brought within specification prior to 
synchronization.  Repeat the test five times for each of the three 
parameters.  For manual synchronization with synch check or manual 
control with auto synchronization, the test must verify that paralleling 
does not occur until the parameters are brought within specifications. 
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L. CERTIFICATION AND TESTING CRITERIA (Cont’d.) 

3. TYPE TESTING (Cont’d.) 

f. Synchronization Test (Cont’d.) 

Table L.3 
Synchronization Parameter Limits [1] 

 
Aggregate Rating Frequency Voltage Difference Phase Angle 
of Generator Units  Difference (V, %)  Difference 

 (kVA) (f, Hz) (,) 
0-500     0.3  10 20 

> 500-1,500    0.2 5 15 
> 1,500-10,000    0.1 3 10 
 
[1] – IEEE 1547-5.1.1B2018, 4.10.4 

 

g. Paralleling Device Withstand Test 

The di-electric voltage withstand test specified in Section L.1 shall be 
performed on the paralleling device to ensure compliance with those 
requirements specified in Section H.1.c (IEEE 1547-5.1.3.32018, 
4.11.32). 

h. Backfeed Test 
Non-Export AC/DC Converters must satisfy the requirements in its 
definition in Section C. 

4. PRODUCTION TESTING 

At a minimum, each interconnection system shall be subjected to 
Distribution Provider Voltage and Frequency Variation Test procedure 
described in UL1741 under Manufacturing and Production Tests, Section 
68 and the Synchronization test specified in Section L.3.f.  Interconnection 
systems with adjustable set points shall be tested at a single set of set 
points as specified by the manufacturer.  This test may be performed in 
the factory or as part of a Commissioning Test (Section L.5). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(P) 
 
 
 
 
 

(P) 
(P) 
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P. SMART INVERTER GENERATING FACILITY DESIGN AND OPERATING 
REQUIREMENTS FOR UL1741SB INVERTERS (Cont’d) 
1. General Interconnection and Protective Function Requirements (Cont’d) 

a. Protective Functions Required  
Smart Inverters operating in parallel with Distribution Provider’s 
Distribution or Transmission System shall be equipped with the following 
Protective Functions to sense abnormal conditions on Distribution 
Provider’s Distribution or Transmission System and cause the Smart 
Inverter to be automatically disconnected from Distribution Provider’s 
Distribution or Transmission System or to prevent the Smart Inverter from 
being connected to Distribution Provider’s Distribution or Transmission 
System inappropriately: 
 
(i)  Over and under voltage trip functions and over and under frequency 

trip functions; 
 
(ii) A voltage and frequency sensing and time-delay function to prevent 

the Smart Inverter  from energizing a de-energized Distribution or 
Transmission System circuit and to prevent the Smart Inverter from 
reconnecting with Distribution Provider’s Distribution or 
Transmission System unless Distribution Provider’s Distribution 
System service voltage and frequency is within the ANSI C84.1-
1995 Table 1 Range B voltage Range of 106 volts to 127 volts (on 
a 120 volt basis), inclusive, and a frequency range of 58.859.0 Hz 
to 61.260.5 Hz, inclusive, and are stable for at least 15  seconds; 
and 

 
(iii) A function to prevent the Smart Inverter from contributing to the 

formation of an Unintended Island, and cease to energize 
Distribution Provider’s Distribution System within two seconds of the 
formation of an Unintended Island. 

 
The Smart Inverter shall cease to energize Distribution Provider’s 
Distribution System for faults on Distribution Provider’s Distribution 
System circuit to which it is connected (IEEE 1547-2018, 6.2.1). The 
Smart Inverter shall cease to energize Distribution Provider’s Distribution 
circuit prior to re-closure by Distribution Provider’s Distribution System 
equipment (IEEE 1547-2018, 6.3). 
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P. SMART INVERTER GENERATING FACILITY DESIGN AND OPERATING 
REQUIREMENTS FOR UL1741SB INVERTERS (Cont’d) 
1. General Interconnection and Protective Function Requirements (Cont’d) 

c. Suitable Equipment Required  
Circuit breakers or other interrupting equipment located at the Point of 
Common Coupling (PCC) must be Certified or “Listed” (as defined in 
Article 100, the Definitions Section of the National Electrical Code) as 
suitable for their intended application. This includes being capable of 
interrupting the maximum available fault current expected at their 
location. Producer’s Smart Inverter and Interconnection Facilities shall 
be designed so that the failure of any single device or component shall 
not potentially compromise the safety and reliability of Distribution 
Provider’s Distribution and Transmission System. The Smart Inverter 
paralleling-device shall be capable of withstanding 220% of the 
Interconnection Facility rated voltage (IEEE 1547-2018, 4.11.3).  The 
Interconnection Facility shall have the capability to withstand voltage 
and current surges in accordance with the environments defined in 
IEEE Std C62.41.2-2002 or IEEE Std C37.90.1-2002 as applicable and 
as described in L.3.e (IEEE 1547-2018, 4.11.42). 

d.  Visible Disconnect Required 
 

When required by Distribution Provider’s operating practices, Producer 
shall furnish and install a ganged, manually-operated isolating switch (or 
a comparable device mutually agreed upon by Distribution Provider and 
Producer) near the Point of Interconnection to isolate the Smart Inverter  
from Distribution Provider’s Distribution or Transmission System. The 
device does not have to be rated for load break nor provide over-current 
protection. 

 
The device must: 

 
(i)  allow visible verification that separation has been accomplished. 

(This requirement may be met by opening the enclosure to observe 
contact separation.) 

(ii)  Include markings or signage that clearly indicates open and closed 
positions. 

(iii) be capable of being reached:  
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P. SMART INVERTER GENERATING FACILITY DESIGN AND OPERATING 
REQUIREMENTS FOR UL1741SB INVERTERS (Cont’d) 
2.   Prevention of Interference (Cont’d) 

a.  Voltage Regulation 
 

The Generating Facility shall not If approved by the Distribution Provider, 
the Smart Inverter may actively regulate the voltage at the PCC while in 
parallel with Distribution Provider’s Distribution System. The Generating 
FacilitySmart Inverter shall not cause the service voltage at other customers 
to go outside the requirements of ANSI C84.1-1995, Range A. (IEEE 1547-
2018, 5.1) 
 

b.  Voltage Trip and Ride-Through Setting  
 

The voltage ranges in Table P-1 define protective trip limits for the 
Protective Function and are not intended to define or imply a voltage 
regulation Function.  Generating Facilities shall cease to energize 
Distribution Provider’s Distribution System within the prescribed trip time 
whenever the voltage at the PCC deviates from the allowable voltage 
operating range. The Protection Function shall detect and respond to 
voltage on all phases to which the Generating Facility is connected. 
 
i)  Smart Inverters  

 
Smart Inverters shall be capable of operating within the voltage range 
normally experienced on Distribution Provider’s Distribution System 
from plus to minus 5% of the nominal voltage (e.g. 114 volts to 126 volts, 
on a 120 volt base), at the service panel or PCC. The trip settings at the 
generator terminals may be selected in a manner that minimizes 
nuisance tripping in accordance with Table P-1 to compensate for 
voltage drop between the generator terminals and the PCC. Voltage 
may be detected at either the PCC or the Point of Interconnection. 
However, the voltage range at the PCC, with the generator on-line, shall 
stay within +/-5% of nominal. 
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P. SMART INVERTER GENERATING FACILITY DESIGN AND OPERATING 
REQUIREMENTS FOR UL1741SB INVERTERS (Cont’d) 
2.   Prevention of Interference (Cont’d) 

c.  Paralleling 
 

The Smart Inverter shall parallel with Distribution Provider’s Distribution 
or Transmission System without causing a voltage fluctuation at the PCC 
greater than plus/minus 5% of the prevailing voltage level of Distribution 
Provider’s Distribution or Transmission System at the PCC, and meet the 
flicker requirements of Section H.2.d.  Section L, Certification and Testing 
Criteria, provides technology-specific tests for evaluating the paralleling 
Function. (IEEE 1547-2018, 4.10.4) 

d.  Flicker 
The Generating Facility shall not create objectionable flicker for other 
Customers on Distribution Provider’s Distribution or Transmission 
System. To minimize the adverse voltage effects experienced by other 
Customers, flicker at the P caused by the Generating Facility should not 
exceed the limits of IEEE 1547-2018, 7.2.3. This requirement is necessary 
to minimize the adverse voltage affects experienced by other Customers 
on Distribution Provider’s Distribution or Transmission System. 
Generators may be connected and brought up to synchronous speed (as 
an induction motor) provided these flicker limits are not exceeded. 

 
e.  Integration with Distribution Provider’s Distribution System Grounding 

The grounding scheme of the Smart Inverter shall not cause over-
voltages that exceed the rating of the equipment connected to 
Distribution Provider’s Distribution System and shall not disrupt the 
coordination of the ground fault protection on Distribution Provider’s 
Distribution System (IEEE 1547-2018, 4.10.412) (See Section G.1.i, line 
configuration). 
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P. SMART INVERTER GENERATING FACILITY DESIGN AND OPERATING 
REQUIREMENTS FOR UL1741SB INVERTERS (Cont’d) 
2. Prevention of Interference (Cont’d) 

s. Storage Inverter Normal Operation Ramp Control Requirements 
 

Smart Inverters used for energy storage applications shall include ramp-
up rate control. The default value shall be 100% of maximum current output 
per second or slower if required by Applicant. Other ramp-up control 
settings can be used, when required, as mutually agreed by the 
Distribution Provider and the Applicant.  

 
t. Ride-through of ConsecutiveConservative Voltage Disturbances 

 
Ride-through of consecutive voltage disturbances shall be in accordance 
with IEEE 1547-2018, 6.4.2.5. 
 

u. Restore output without dynamic voltage support 
 

Restore output without dynamic voltage support shall be in accordance 
with IEEE 1547-2018, 6.4.2.57.1. 

 
v. Transition between performance operating regions:   

 
Transition between performance operating regions should be in 
accordance with IEEE 1547-2018, 6.4.2.7.3. 

 
w. Constant Reactive Power Mode 

 
When in this mode, the Smart Inverter shall maintain a constant reactive 
power. The target reactive power level and mode (injection or absorption) 
shall be specified by the Distribution Provider and shall be within the same 
range specified in IEEE 1547-2018 section 5.3.5. The reactive power 
settings are allowed to be adjusted locally and/or remotely as specified by 
the Distribution Provider. The maximum Smart Inverter response time to 
maintain constant reactive power shall be 10 seconds or less. 
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