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Appendix EE
[bookmark: _DV_M5][bookmark: ah]Appendix H
[bookmark: _DV_M6]INTERCONNECTION REQUIREMENTS FOR AN ASYNCHRONOUS GENERATING FACILITY

[bookmark: _DV_M7][bookmark: _DV_C1][bookmark: _DV_C2][bookmark: _DV_M8][bookmark: _DV_C3]Appendix H sets forth interconnection requirements specific to all Asynchronous Generating Facilities.  ExistingExcept as provided in Section 25.4.2 of the CAISO tariff, existing individual generating units of an Asynchronous Generating Facility that are, or have been, interconnected to the CAISO Controlled Grid at the same location are exempt from the requirements of this Appendix H for the remaining life of the existing generating unit.  Generating units that are replaced, however, shall meet the requirements of this Appendix H.

[bookmark: _DV_M9]A. Technical Requirements Applicable to Asynchronous Generating Facilities

[bookmark: _DV_M10]i. Low Voltage Ride-Through (LVRT) Capability 

[bookmark: _DV_M11]An Asynchronous Generating Facility shall be able to remain online during voltage disturbances up to the time periods and associated voltage levels set forth in the requirements below.

[bookmark: _DV_M12]1.	An Asynchronous Generating Facility shall remain online for the voltage disturbance caused by any  fault on the transmission grid, or within the Asynchronous Generating Facility between the Point of Interconnection and the high voltage terminals of the  Asynchronous Generating Facility’s step up transformer, having a duration equal to the lesser of the normal three-phase fault clearing time (4-9 cycles) or one-hundred fifty (150) milliseconds, plus any subsequent post-fault voltage recovery to the final steady-state post-fault voltage unless clearing the fault effectively disconnects the generator from the system.  Clearing time shall be based on the maximum normal clearing time associated with any three-phase fault location that reduces the voltage at the Asynchronous Generating Facility’s Point of Interconnection to 0.2 per-unit of nominal voltage or less, independent of any fault current contribution from the Asynchronous Generating Facility.

[bookmark: _DV_M13]2.	An Asynchronous Generating Facility shall remain online for any voltage disturbance caused by a single-phase fault on the transmission grid, or within the Asynchronous Generating Facility between the Point of Interconnection and the high voltage terminals of the Asynchronous Generating Facility’s step up transformer, with delayed clearing, plus any subsequent post-fault voltage recovery to the final steady-state post-fault voltage unless clearing the fault effectively disconnects the generator from the system.  Clearing time shall be based on the maximum backup clearing time associated with a single point of failure (protection or breaker failure) for any single-phase fault location that reduces any phase-to-ground or phase-to-phase voltage at the Asynchronous Generating Facility’s Point of Interconnection to 0.2 per-unit of nominal voltage or less, independent of any fault current contribution from the Asynchronous Generating Facility. 

[bookmark: _DV_M14][bookmark: _DV_C4][bookmark: _DV_C5][bookmark: _DV_M15][bookmark: _DV_C6][bookmark: _DV_C7][bookmark: _DV_C8]3.	Remaining on-line shall be defined as continuous connection between the Point of Interconnection and the Asynchronous Generating Facility’s units, without any mechanical isolation.  Asynchronous Generating Facilities may cease  Momentary cessation (namely, ceasing to inject current into the transmission grid during a fault.) is prohibited unless transient high voltage conditions rise to 1.20 per unit or more.  For transient low voltage conditions, the Asynchronous Generating Facility’s inverters will inject reactive current.  The level of this reactive current must be directionally proportional to the decrease in per unit voltage at the inverter AC terminals.  The inverter must produce full rating reactive current when the AC voltage at the inverter terminals drops to a level of 0.50 per unit or below.  The Asynchronous Generating Facility must continue to operate and absorb reactive current for transient voltage conditions between 1.10 and 1.20 per unit.    

[bookmark: _DV_C9]	Upon the cessation of transient voltage conditions and the return of the grid to normal operating voltage (0.90 < V < 1.10 per unit), the Asynchronous Generating Facility’s inverters automatically must transition to normal active (real power) current injection.  The Asynchronous Generating Facility’s inverters must ramp up to inject active (real power) current with a minimum ramping rate of at least 100% per second (from no output to full output).  The total time to complete the transition from reactive current injection or absorption must be one second or less.  The total time to return from momentary cessation, if used, during transient high voltage conditions over 1.20 per unit or more must be one second or less.   

[bookmark: _DV_M16][bookmark: _DV_C10]4. 	The Asynchronous Generating Facility’s inverter will be considered to have tripped where its AC circuit breaker is open or otherwise has electrically isolated the inverter from the grid.  Following an inverter trip, the inverter must make at least one attempt to resynchronize and connect back to the grid unless the trip resulted from a fatal fault code, as defined by the inverter manufacturer.  This attempt must take place within 2.5 minutes from the inverter trip.  An attempt to resynchronize and connect back to the grid is not required if the trip was initiated due to a fatal fault code, as determined by the original equipment manufacturer.

[bookmark: _DV_C11][bookmark: _DV_M17]5.	The Asynchronous Generating Facility is not required to remain on line during multi-phased faults exceeding the duration described in Section A.i.1 of this Appendix H or single-phase faults exceeding the duration described in Section A.i.2 of this Appendix H.

[bookmark: _DV_C12][bookmark: _DV_C13][bookmark: _DV_M18]5.6.	The requirements of this Section A.i of this Appendix H do not apply to faults that occur between the Asynchronous Generating Facility’s terminals and the high side of the step-up transformer to the high-voltage transmission system. 

[bookmark: _DV_C14][bookmark: _DV_C15][bookmark: _DV_M19]6.7.	Asynchronous Generating Facilities may be tripped after the fault period if this action is intended as part of a special protection system. 

[bookmark: _DV_C16][bookmark: _DV_C17][bookmark: _DV_M20]7.8.	Asynchronous Generating Facilities may meet the requirements of this Section A.i of this Appendix H through the performance of the generating units or by installing additional equipment within the Asynchronous Generating Facility, or by a combination of generating unit performance and additional equipment.

[bookmark: _DV_C18][bookmark: _DV_C19][bookmark: _DV_M21]8.9.	The provisions of this Section A.i of this Appendix H apply only if the voltage at the Point of Interconnection has remained within the range of 0.9 and 1.10 per-unit of nominal voltage for the preceding two seconds, excluding any sub-cycle transient deviations.

[bookmark: _DV_C20][bookmark: _DV_X77][bookmark: _DV_C21][bookmark: _DV_C22][bookmark: _DV_C23]The requirements of this Section A.i in this Appendix H shall not apply to any Asynchronous Generating Facility that can demonstrate to the CAISO a binding commitment, as of July 3, 2010, to purchase inverters for thirty (30) percent or more of the Generating Facility’s maximum Generating Facility Capacity that are incapable of complying with the requirements of this Section A.i in this Appendix H.  The Interconnection Customer must include a statement from the inverter manufacturer confirming the inability to comply with this requirement in addition to any information requested by the CAISO to determine the applicability of this exemption.
10. 	Asynchronous Generating Facility inverters may not trip or cease to inject current for momentary loss of synchronism.  As a minimum, the Asynchronous Generating Facility’s inverter controls may lock the phase lock loop to the last synchronized point and continue to inject current into the grid at that last calculated phase until the phase lock loop can regain synchronism.  The current injection may be limited to protect the inverter.  Any inverter may trip if the phase lock loop is unable to regain synchronism after 150 milliseconds. 

[bookmark: _DV_C24]11. 	Inverter restoration following transient voltage conditions must not be impeded by plant level controllers.  If the Asynchronous Generating Facility uses a plant level controller, it must be programmed to allow the inverters to re-synchronize rapidly (without delayed ramping) following transient voltage recovery, before resuming overall control of the individual plant inverters. 




[bookmark: _DV_M23]ii. Frequency Disturbance Ride-Through Capability

[bookmark: _DV_M24][bookmark: _DV_C25][bookmark: _DV_C26][bookmark: _DV_M25][bookmark: _DV_C27][bookmark: _DV_C28][bookmark: _DV_M26][bookmark: _DV_C29][bookmark: _DV_C30][bookmark: _DV_M27]An Asynchronous Generating Facility shall comply with the off nominal frequency requirements set forth in the WECC UnderNERC Reliability Standard for Generator Frequency Load Sheddingand Voltage Protective Relay Application GuideSettings, or successor requirements as they may be amended from time to time.

[bookmark: _DV_M28]iii.  Power Factor Design Criteria (Reactive Power)

[bookmark: _DV_M29][bookmark: _DV_C31][bookmark: _DV_C32][bookmark: _DV_M30][bookmark: _DV_C33][bookmark: _DV_C34][bookmark: _DV_M31]An Asynchronous Generating Facility not studied under the Independent Study Process, as set forth in Section 4 of Appendix DD, shall operate within a power factor within the range of 0.95 leading to 0.95 lagging, measured at the Point of Interconnectionhigh voltage side of the substation transformer, as defined in this LGIA in order to maintain a specified voltage schedule, if the Phase II Interconnection Study shows that such a requirement is necessary to ensure safety or reliability.  An Asynchronous Generating Facility studied under the Independent Study Process, as set forth in Section 4 of Appendix DD, shall operate within a power factor within the range of 0.95 leading to 0.95 lagging, measured at the Point of Interconnectionhigh voltage side of the substation transformer, as defined in this LGIA in order to maintain a specified voltage schedule.  The power factor range standards set forth in this section can be met by using, for example, power electronics designed to supply this level of reactive capability (taking into account any limitations due to voltage level, real power output, etc.) or fixed and switched capacitors, or a combination of the two, if agreed to by the Participating TO and CAISO. The Interconnection Customer shall not disable power factor equipment while the Asynchronous Generating Facility is in operation.  Asynchronous Generating Facilities shall also be able to provide sufficient dynamic voltage support in lieu of the power system stabilizer and automatic voltage regulation at the generator excitation system if the Phase II Interconnection Study shows this to be required for system safety or reliability.

[bookmark: _DV_M32]iv. Supervisory Control and Data Acquisition (SCADA) Capability

[bookmark: _DV_M33]An Asynchronous Generating Facility shall provide SCADA capability to transmit data and receive instructions from the Participating TO and CAISO to protect system reliability.  The Participating TO and CAISO and the Asynchronous Generating Facility Interconnection Customer shall determine what SCADA information is essential for the proposed Asynchronous Generating Facility, taking into account the size of the plant and its characteristics, location, and importance in maintaining generation resource adequacy and transmission system reliability.

[bookmark: _DV_M34]v. Power System Stabilizers (PSS)

[bookmark: _DV_M35]Power system stabilizers are not required for Asynchronous Generating Facilities.

[bookmark: _DV_C35]	vi. 	Diagnostic Equipment for Facilities 20 MW or Greater
[bookmark: _DV_C36]Asynchronous Generating Facilities with generating capacities of 20 MW or more must monitor and record data for all frequency or voltage ride-through events, momentary cessation for transient high voltage events, and inverter trips.  The data may be recorded and stored in a central plant control system.  The following data must be recorded:

[bookmark: _DV_C37]Plant Level:
[bookmark: _DV_C38](1)	Plant three phase voltage, current, and phase angle measuring units
[bookmark: _DV_C39](2)	Status of ancillary reactive devices
[bookmark: _DV_C40](3)	Status of all plant circuit breakers
[bookmark: _DV_C41](4)	Status of plant controller
[bookmark: _DV_C42](5)	Plant control set points
[bookmark: _DV_C43](6)	Position of main plant transformer no-load taps 
[bookmark: _DV_C44](7)	Position of main plant transformer tap changer (if extant)
[bookmark: _DV_C45](8)	Protective relay trips or relay target data

[bookmark: _DV_C46]Inverter Level:
[bookmark: _DV_C47](1)	Frequency, current, and voltage during ride-through events
[bookmark: _DV_C48](2)	Voltage and current during momentary cessation for transient high voltage events
[bookmark: _DV_C49](3)	Voltage and current during reactive current injection for transient low voltage events
[bookmark: _DV_C50](4)	Inverter alarm and fault codes
[bookmark: _DV_C51](5)	DC current
[bookmark: _DV_C52](6)	DC voltage

[bookmark: _DV_C53]The data must be time synchronized, using a GPS clock or similar device, to a one millisecond level of resolution.  All data except phase angle measuring unit data must be sampled at least every 10 milliseconds.  Data recording must be triggered upon detecting a voltage or frequency ride-through event, momentary cessation for transient high voltage, or an inverter trip, and will include as a minimum 150 milliseconds of data prior to the event, and 1000 milliseconds of data after the event trigger.  The Asynchronous Generating Facility must store this data for a minimum of 30 days.  The Asynchronous Generating Facility will provide all data within 10 calendar days of a request from the CAISO or the Participating TO. 

[bookmark: _DV_C54]The Asynchronous Generating Facility must install and maintain a phase angle measuring unit or functional equivalent at the entrance to the facility or at the Generating Facility’s main substation transformer.  The phase angle measuring unit must have a resolution of at least 30 samples per second.  The Asynchronous Generating Facility will store this data for a minimum of 30 days.  The Asynchronous Generating Facility will provide all phase angle measuring unit data within 10 calendar days of a request from the CAISO or the Participating TO.
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[bookmark: _DV_M36][bookmark: _Toc514424141]Appendix FF
[bookmark: _DV_M37][bookmark: _Toc514424142]Small Generator Interconnection Agreement for Interconnection Requests Processed Under the Generator Interconnection and Deliverability Allocation Procedures
[bookmark: _DV_M38](Appendix DD to the CAISO Tariff)

[bookmark: _DV_M39][bookmark: _Toc514424231]Attachment 7 
Interconnection Requirements for an Asynchronous Small Generating Facility
[bookmark: _DV_M40][bookmark: _DV_C55][bookmark: _DV_M41]Attachment 7 sets forth requirements and provisions specific to all Asynchronous Generating Facilities.  All other requirements of this Agreement continue to apply to all Asynchronous Generating Facility interconnections consistent with Section 25.4 of the CAISO tariff.
[bookmark: _DV_M42]A.	Technical Standards Applicable to Asynchronous Generating Facilities
[bookmark: _DV_M43]i.	Low Voltage Ride-Through (LVRT) Capability 
[bookmark: _DV_M44]An Asynchronous Generating Facility shall be able to remain online during voltage disturbances up to the time periods and associated voltage levels set forth in the requirements below.
[bookmark: _DV_M45]1.	An Asynchronous Generating Facility shall remain online for the voltage disturbance caused by any  fault on the transmission grid, or within the Asynchronous Generating Facility between the Point of Interconnection and the high voltage terminals of the  Asynchronous Generating Facility’s step up transformer, having a duration equal to the lesser of the normal three-phase fault clearing time (4-9 cycles) or one-hundred fifty (150) milliseconds, plus any subsequent post-fault voltage recovery to the final steady-state post-fault voltage.  Clearing time shall be based on the maximum normal clearing time associated with any three-phase fault location that reduces the voltage at the Asynchronous Generating Facility’s Point of Interconnection to 0.2 per-unit of nominal voltage or less, independent of any fault current contribution from the Asynchronous Generating Facility.
[bookmark: _DV_M46]2.	An Asynchronous Generating Facility shall remain online for any voltage disturbance caused by a single-phase fault on the transmission grid, or within the Asynchronous Generating Facility between the Point of Interconnection and the high voltage terminals of the Asynchronous Generating Facility’s step up transformer, with delayed clearing, plus any subsequent post-fault voltage recovery to the final steady-state post-fault voltage.  Clearing time shall be based on the maximum backup clearing time associated with a single point of failure (protection or breaker failure) for any single-phase fault location that reduces any phase-to-ground or phase-to-phase voltage at the Asynchronous Generating Facility’s Point of Interconnection to 0.2 per-unit of nominal voltage or less, independent of any fault current contribution from the Asynchronous Generating Facility. 
[bookmark: _DV_M47][bookmark: _DV_C56][bookmark: _DV_C57][bookmark: _DV_C58][bookmark: _DV_C59][bookmark: _DV_C60]3.	Remaining on-line shall be defined as continuous connection between the Point of Interconnection and the Asynchronous Generating Facility’s units, without any mechanical isolation.  Asynchronous Generating Facilities may ceaseMomentary cessation (namely, ceasing to inject current into the transmission grid during a fault.) is prohibited unless transient high voltage conditions rise to 1.20 per unit or more.  For transient low voltage conditions, the Asynchronous Generating Facility’s inverters will inject reactive current.  The level of this reactive current must be directionally proportional to the decrease in per unit voltage at the inverter AC terminals.  The inverter must produce full rating reactive current when the AC voltage at the inverter terminals drops to a level of 0.50 per unit or below.  The Asynchronous Generating Facility must continue to operate and absorb reactive current for transient voltage conditions between 1.10 and 1.20 per unit.    
[bookmark: _DV_C61]	Upon the cessation of transient voltage conditions and the return of the grid to normal operating voltage (0.90 < V < 1.10 per unit), the Asynchronous Generating Facility’s inverters automatically must transition to normal active (real power) current injection.  The Asynchronous Generating Facility’s inverters must ramp up to inject active (real power) current with a minimum ramping rate of at least 100% per second (from no output to full output).  The total time to complete the transition from reactive current injection or absorption must be one second or less.  The total time to return from momentary cessation, if used, during transient high voltage conditions over 1.20 per unit or more must be one second or less.   
[bookmark: _DV_C62] 	The Asynchronous Generating Facility’s inverter will be considered to have tripped where its AC circuit breaker is open or otherwise has electrically isolated the inverter from the grid.  Following an inverter trip, the inverter must make at least one attempt to resynchronize and connect back to the grid unless the trip resulted from a fatal fault code, as defined by the inverter manufacturer.  This attempt must take place within 2.5 minutes from the inverter trip.  An attempt to resynchronize and connect back to the grid is not required if the trip was initiated due to a fatal fault code, as determined by the original equipment manufacturer.
[bookmark: _DV_M48]4.	The Asynchronous Generating Facility is not required to remain on line during multi-phased faults exceeding the duration described in Section A.i.1 of this Attachment 7 or single-phase faults exceeding the duration described in Section A.i.2 of this Attachment 7.
[bookmark: _DV_M49]5.	The requirements of this Section A.i of this Attachment 7 do not apply to faults that occur between the Asynchronous Generating Facility’s terminals and the high side of the step-up transformer to the high-voltage transmission system. 
[bookmark: _DV_M50]6.	Asynchronous Generating Facilities may be tripped after the fault period if this action is intended as part of a special protection system.
[bookmark: _DV_M51]7.	Asynchronous Generating Facilities may meet the requirements of this Section A of this Attachment 7 through the performance of the generating units or by installing additional equipment within the Asynchronous Generating Facility or by a combination of generating unit performance and additional equipment.
[bookmark: _DV_M52]8.	The provisions of this Section A.i of this Attachment 7 apply only if the voltage at the Point of Interconnection has remained within the range of 0.9 and 1.10 per-unit of nominal voltage for the preceding two seconds, excluding any sub-cycle transient deviations.
[bookmark: _DV_C63]9. 	Asynchronous Generating Facility inverters may not trip or cease to inject current for momentary loss of synchronism.  As a minimum, the Asynchronous Generating Facility’s inverter controls may lock the phase lock loop to the last synchronized point and continue to inject current into the grid at that last calculated phase until the phase lock loop can regain synchronism.  The current injection may be limited to protect the inverter.  Any inverter may trip if the phase lock loop is unable to regain synchronism after 150 milliseconds. 
[bookmark: _DV_C64]10. 	Inverter restoration following transient voltage conditions must not be impeded by plant level controllers.  If the Asynchronous Generating Facility uses a plant level controller, it must be programmed to allow the inverters to re-synchronize rapidly (without delayed ramping) following transient voltage recovery, before resuming overall control of the individual plant inverters. 

[bookmark: _DV_M53]ii.	Frequency Disturbance Ride-Through Capacity
[bookmark: _DV_M54][bookmark: _DV_C65][bookmark: _DV_C66][bookmark: _DV_M55]An Asynchronous Generating Facility shall comply with the off nominal frequency requirements set forth in the WECC Under Frequency Load Shedding Relay Application Guide or successor requirements asNERC Reliability Standard for Generator Frequency and Voltage Protective Relay Settingsas they may be amended from time to time.
[bookmark: _DV_M56]iii.	Power Factor Design Criteria (Reactive Power)
[bookmark: _DV_M57][bookmark: _DV_C67][bookmark: _DV_C68][bookmark: _DV_M58][bookmark: _DV_C69][bookmark: _DV_C70][bookmark: _DV_M59]An Asynchronous Generating Facility not studied under the Independent Study Process, as set forth in Section 4 of Appendix DD, shall operate within a power factor within the range of 0.95 leading to 0.95 lagging, measured at the Point of Interconnectionhigh voltage side of the substation transformer, as defined in this SGIA in order to maintain a specified voltage schedule, if the Phase II Interconnection Study shows that such a requirement is necessary to ensure safety or reliability.  An Asynchronous Generating Facility studied under the Independent Study Process, as set forth in Section 4 of Appendix DD, shall operate within a power factor within the range of 0.95 leading to 0.95 lagging, measured at the Point of Interconnectionhigh voltage side of the substation transformer, as defined in this SGIA in order to maintain a specified voltage schedule.  The power factor range standards set forth in this section can be met by using, for example, power electronics designed to supply this level of reactive capability (taking into account any limitations due to voltage level, real power output, etc.) or fixed and switched capacitors, or a combination of the two, if agreed to by the Participating TO and CAISO. The Interconnection Customer shall not disable power factor equipment while the Asynchronous Generating Facility is in operation.  Asynchronous Generating Facilities shall also be able to provide sufficient dynamic voltage support in lieu of the power system stabilizer and automatic voltage regulation at the generator excitation system if the Phase II Interconnection Study shows this to be required for system safety or reliability.
[bookmark: _DV_M60]iv.	Supervisory Control and Data Acquisition (SCADA) Capability 
[bookmark: _DV_M61]An Asynchronous Generating Facility shall provide SCADA capability to transmit data and receive instructions from the Participating TO and CAISO to protect system reliability.  The Participating TO and CAISO and the Asynchronous Generating Facility Interconnection Customer shall determine what SCADA information is essential for the proposed Asynchronous Generating Facility, taking into account the size of the plant and its characteristics, location, and importance in maintaining generation resource adequacy and transmission system reliability. 
[bookmark: _DV_M62]v.	Power System Stabilizers (PSS)
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[bookmark: _DV_M63]Power system stabilizers are not required for Asynchronous Generating Facilities.
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Appendix FF
[bookmark: _DV_C75]25.4.2	Asynchronous Generating Facilities – GIA Technical Criteria
[bookmark: _DV_C76][bookmark: _DV_X21][bookmark: _DV_C77][bookmark: _DV_C78]The technical requirements for Asynchronous Generating Facilities set forth in Appendix H to Appendix EE to the CAISO tariff and Attachment Seven to Appendix FF to the CAISO tariff, or applicable successor requirements, apply to existing individual Generating Units to the extent the Generating Facility makes modifications that replace its Generating Unit(s) or any inverter(s), even where a new Interconnection Request is not required or the Interconnection Customer is subject to an earlier SGIA or LGIA.  The same technical requirements will not apply where the Generating Facility replaces an inverter as part of routine maintenance or repairs due to malfunction or failure.

