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1. [bookmark: _Toc361824525]Introduction
[bookmark: _Toc361824526]Phase 1a DER Functions
This document covers the detailed testing procedures for Phase 1a: Autonomous DER functions for smart DER systems. These functions include:
Support anti-islanding to trip off under extended anomalous conditions
Provide ride-through of low/high voltage excursions beyond normal limits 
Provide ride-through of low/high frequency excursions beyond normal limits 
Provide volt/var control through dynamic reactive power injection through autonomous responses to local voltage measurements
Define ramp rate
Provide reactive power by a fixed power factor
Reconnect after grid power is restored
[bookmark: _Toc361824527]Rapid Testing Process
In order to ensure a rapid testing process, the utilities should agree to a common Phase 1a testing procedure that parallels the IEEE 1547a changes for IEEE 1547.1a and the accelerated development of a UL test for inverters conforming to "California Rule 21 Phase 1a Features."  This testing procedure would follow the following steps: 
The inverter shall be selectable between two (or more) voltage regulation modes.  Mode 1 is the current non-regulating mode.  Mode 2 would be a simple Volt- VAR scheme we could all agree upon. 
Test voltage regulation in each mode.  Test mode switching. 
Show that the inverter does not disconnect for voltage transients within SCE's green line and does disconnect outside the red line. 
Show that the inverter does not disconnect for frequency transients within some green lines and does disconnect outside some red lines.  (Green and red frequency line TBD) 
Show that the inverter passes anti-islanding and other standard 1741 tests with voltage regulation in each mode and with the disconnect settings of 3 and 4 in place.

2. [bookmark: _Toc361824528]External Manufacturer Product Testing
2.1 [bookmark: _Toc360280309][bookmark: _Toc361824529]Test Procedures Compliance
The test procedures shall be in compliance with IEEE 1547.1 except where modified or additional testing is necessary to meet the new smart inverter requirements. In general, all references to IEEE Std 1547 shall be understood to refer to the draft IEEE 1547a. 
The original 1547.1 text is in italic, deletions are indicated with strikeout, and modifications are shown in red bold.
2.2 [bookmark: _Toc360280310][bookmark: _Toc361824530]IEEE 1547.1 Sections 1-3
The testing requirements in IEEE 1547.1 Sections 1-3 shall be met with no modifications.
2.3 [bookmark: _Toc360280311][bookmark: _Toc361824531]IEEE 1547.1 Section 4 General Requirements
2.3.1 [bookmark: _Toc360280312][bookmark: _Toc361824532]Sections 4.1 – 4.5 and 4.6.2
The testing requirements in IEEE 1547.1 Sections 4.1-4.5 and 4.6.2 shall be met with no modifications.
2.3.2 [bookmark: _Ref355249430][bookmark: _Toc360280313][bookmark: _Toc361824533]Section 4.6.1 Simulated Area EPS (utility) Source Requirements
Section 4.6.1 shall be modified as follows to permit the testing of smart inverter functions:
Where testing allows the use of a simulated area EPS source, the following requirements shall be met: 
The simulated area EPS source shall be capable of confirming the manufacturer’s stated performance.
The voltage harmonics of the simulated area EPS source shall be less than 2.5% total harmonic distortion (THD).
The individual voltage harmonics of the simulated utility shall be less than 50% of the limits in Table 3 of IEEE Std 1547.
During the tests, the steady-state voltage of the simulated area EPS source shall not vary by more than ± 1% of the nominal voltage.
For voltage ride-through and trip magnitude tests, the voltage change resolution of the simulated utility source shall be within 0.5a of the nominal voltage, where a is the manufacturer’s stated accuracy.
For frequency ride-through and trip magnitude tests, the frequency change resolution of the simulated utility source shall be within 0.5a of the nominal frequency, where a is the manufacture’s stated accuracy.
The number of phase and neutral connections provided by simulated area EPS shall be compatible with the EUT. A multiphase simulated area EPS that provides a neutral connection shall produce phase-to-neutral voltages that are balanced within ± 3% of nominal and phase displacement to within ± 3º. For multiphase simulated area EPSs without a neutral connection, the phase-to-phase voltage balance shall be ± 3% of nominal in magnitude.
For voltage ride-through and trip timing tests, the simulated utility source shall be capable of a step change from V1 to V1 + 0.5(V2 – V1) within the greater of one cycle of the voltage waveform or 1% of the remain-connected and trip time settings of the EUT.
For frequency ride-through and trip timing tests, the simulated utility source shall be capable of a step change from f1 to f1 + 0.5(f2 – f1) within the greater of one cycle of the voltage waveform or 1% of the remain-connected and trip time settings of the EUT.
2.4 [bookmark: _Toc360280314][bookmark: _Toc361824534]IEEE 1547.1 Section 5 Type Tests
2.4.1 [bookmark: _Toc360280315][bookmark: _Toc361824535]Introductory Text to Section 5
The testing requirements in IEEE 1547.1 in the introductory text of section 5 shall be met with no modifications.
2.4.2 [bookmark: _Toc360280316][bookmark: _Toc361824536]Section 5.1 Temperature Stability
The testing requirements in this section shall be met with no modifications.
2.4.3 [bookmark: _Ref355249543][bookmark: _Toc360280317][bookmark: _Toc361824537]Section 5.2 Test for Response to Abnormal Voltage Conditions
Additional tests must be added to test the high and low voltage ride-through requirements.
2.4.3.1 Section 5.2.1 Test for Overvoltage
In section 5.2.1 Test for overvoltage, the purpose section shall be changed as follows:
The purpose of this test is to verify that the DR interconnection component or system responds correctly both by remaining connected as specified and by ceasinges to energize the area EPS as specified in IEEE Std 1547a with respect to overvoltage conditions. This test determines the magnitude and trip reaction time for each overvoltage function.
Modify section 5.2.1.2 Procedure-magnitude as follows:
TBD
2.4.3.2 Section 5.2.2 Test for Undervoltage
In section 5.2.2 Test for undervoltage, the purpose section shall be changed as follows:
The purpose of this test is to verify that the DR interconnection component or system responds correctly both by remaining connected as specified and by ceasinges to energize the area EPS as specified in IEEE Std 1547a with respect to undervoltage conditions. This test determines the magnitude and trip reaction time for each undervoltage function.
Modify section 5.2.2.2 Procedure-magnitude as follows:
TBD
2.4.4 [bookmark: _Ref355249636][bookmark: _Toc360280318][bookmark: _Toc361824538]Section 5.3 Test for Response to Abnormal Frequency Conditions
Additional tests must be added to test the high and low voltage ride-through requirements.
2.4.4.1 Section 5.3.1 Test for overfrequency
In section 5.3.1 Test for overfrequency, the purpose section shall be changed as follows:
The purpose of this test is to verify that the DR interconnection component or system responds correctly both by remaining connected as specified and by ceasinges to energize the area EPS as specified in IEEE Std 1547a with respect to overfrequency conditions. This test determines the magnitude and trip reaction time for each overvoltage function.
Modify section 5.3.1.2 Procedure-magnitude as follows:
TBD

2.4.4.2 Section 5.3.2 Test for underfrequency
In section 5.3.2 Test for underfrequency, the purpose section shall be changed as follows:
The purpose of this test is to verify that the DR interconnection component or system responds correctly both by remaining connected as specified and by ceasinges to energize the area EPS as specified in IEEE Std 1547a with respect to overfrequency conditions. This test determines the magnitude and trip reaction time for each overvoltage function.
Modify section 5.3.2.2 Procedure-magnitude as follows:
TBD
2.5 [bookmark: _Toc360280319][bookmark: _Toc361824539]IEEE 1547.1 Sections 5.4 – 5.12
The testing requirements in IEEE 1547.1 Sections 5.4 – 5.12 shall be met with no modifications.

2.6 [bookmark: _Toc360280320][bookmark: _Toc361824540]Test Procedures for Smart DER Functions
Test procedures shall be developed for the smart DER functions. These functions are categorized in the following sections. The detailed testing requirements are TBD.
2.6.1 [bookmark: _Toc360280321][bookmark: _Toc361824541]Test procedures for Mandatory Autonomous DER Functions
Test procedures shall be developed for the mandatory autonomous DER functions:
2.6.1.1 Support anti-islanding to trip off under extended anomalous conditions
The DER system trips off if voltage or frequency limits are exceeded over specified time periods.
Although default trip-off limits settings would be implemented initially, these settings could be modifiable through agreement between the Area EPS and the DER operator.
See section 2.3.2 for existing IEEE 1547.1 testing procedures.
2.6.1.2 Provide ride-through of low/high voltage excursions beyond normal limits 
The DER system remains connected during voltage excursions beyond normal limits, based on extended voltage limits during specified time windows. The DER system would disconnect only when the ride-through window has expired. 
Although default ride-through settings would be implemented initially, these settings could be modifiable through agreement between the Area EPS and the DER operator, based on the technical capabilities of the DER system and used to possibly mitigate abrupt losses of generation.
See section 2.4.3 for existing IEEE 1547.1 testing procedures that will be updated to reflect the new requirements.

2.6.1.3 Provide ride-through of low/high frequency excursions beyond normal limits 
The DER system remains connected during frequency excursions beyond normal limits, based on extended frequency limits during specified time windows. The DER system would disconnect only when the ride-through window has expired. 
Although default ride-through settings would be implemented initially, these settings could be modifiable through agreement between the Area EPS and the DER operator, based on the technical capabilities of the DER system and used to possibly mitigate abrupt losses of generation.
See section 2.4.4 for existing IEEE 1547.1 testing procedures that will be updated to reflect the new requirements.

2.6.1.4 Provide volt/var control through dynamic reactive power injection through autonomous responses to local voltage measurements
The DER system implements volt-var curves that define the reactive power required at different voltage levels. Settings are coordinated between the utility and DER operator.  
DER controller contains pre-established volt-var setting, and/or
Volt-var setting can be updated remotely
Testing procedures: TBD

2.6.1.5 Reconnect randomly within a preset time window after grid power is restored
The DER system reconnects to the grid after power is restored. The time between power restoration and reconnection is preset, with possible ramping up and/or randomized within a time window to avoid abrupt increases in generation.
Testing procedures: TBD

2.6.1.6 Provide reactive power by a fixed power factor
The DER system sets the inverter to the specified power factor setting:
DER controller contains pre-established power factor setting, and/or
Power factor setting can be updated remotely
Testing procedures: TBD

2.7 [bookmark: _Toc360280325][bookmark: _Toc361824542]Test Procedures for Meeting UL 1741 Requirements
Testing procedures: TBD



3. [bookmark: _Toc360280326][bookmark: _Toc361824543]Production tests
3.1 [bookmark: _Toc360280327][bookmark: _Toc361824544]IEEE 1547.1 Section 6 Production Tests
{Similar changes in IEEE 1547.1 sections 6.1 and 6.2 for voltage and frequency anomalies as in the Type Tests}

3.2 [bookmark: _Toc360280328][bookmark: _Toc361824545]Utility-Specific Requirements Tests
Tests for utility-specific DER requirements shall be developed to ensure that configurations, pre-established settings, and other unique requirements are met. These tests may be part of factory acceptance tests, or certification by a testing certification organization.

4. [bookmark: _Toc360280330][bookmark: _Toc361824546]Commissioning and Site Testing
The safety of implementations shall be in compliance with UL 1741, except where modified or additional safety requirements are identified for the smart inverters.
4.1 [bookmark: _Toc360280331][bookmark: _Toc361824547]IEEE 1547.1 Section 7 Commissioning Tests
{Similar changes in IEEE 1547.1 section 7.5 for cease-to-energize functionality tests as in the Type Tests}

4.2 [bookmark: _Toc360280332][bookmark: _Toc361824548]Utility-Specific Commissioning Tests
Tests for utility-specific DER requirements shall be developed to ensure that configurations, pre-established settings, and other unique requirements are met. These tests may be part of factory acceptance tests, or certification by a testing certification organization.

5. 
6. [bookmark: _Toc360280334][bookmark: _Toc361824549]Periodic Interconnection Tests
The testing requirements in IEEE 1547.1 Section 8 Periodic interconnection tests shall be met with no modifications.



