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	NPRR Number
	1098
	NPRR Title
	Direct Current Tie (DC Tie) Reactive Power Capability Requirements

	Date of Decision
	March 31, 2022

	Action
	Approved

	Timeline 
	Normal

	Effective Date
	Upon system implementation and satisfying the following conditions: (1) Southern Cross Transmission LLC (Southern Cross) provides ERCOT with funds to cover the entire estimated cost of the project; and (2) Southern Cross has signed an interconnection agreement with a Transmission Service Provider (TSP) and the TSP gives ERCOT written notice that Southern Cross has provided it with: (a) Notice to proceed with the construction of the interconnection; and  (b) The financial security required to fund the interconnection facilities

	Priority and Rank Assigned
	Priority – 2022; Rank – 2530

	Nodal Protocol Sections Requiring Revision 
	2.1, Definitions

3.10.7.5.2, Continuous Telemetry of the Real-Time Measurements of Bus Load, Voltages, Tap Position, and Flows

3.15.1, ERCOT Responsibilities Related to Voltage Support

3.15.4, Direct Current Tie Responsibilities Related to Voltage Support (new)

6.5.6, TSP and DSP Responsibilities

	Related Documents Requiring Revision/Related Revision Requests
	Nodal Operating Guide Revision Request (NOGRR) 234, Related to NPRR1098, Direct Current Tie (DC Tie) Reactive Power Capability Requirements

	Revision Description
	This Nodal Protocol Revision Request (NPRR) establishes Reactive Power capability requirements for new Direct Current Ties (DC Ties) interconnecting to the ERCOT System and existing DC Ties replaced after January 1, 2021.

	Reason for Revision
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  Addresses current operational issues.
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  Meets Strategic goals (tied to the ERCOT Strategic Plan or directed by the ERCOT Board).
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  Market efficiencies or enhancements

[image: image4.wmf]

  Administrative
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X

  Regulatory requirements
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  Other:  (explain)

(please select all that apply)

	Business Case
	This NPRR is proposed in accordance with the May 23, 2017 order of the Public Utility Commission of Texas (PUCT) in Project No. 46304, Oversight Proceeding Regarding ERCOT Matters Arising Out of PUC Docket No. 45624 Relating to DC Tie Project Proposed by Southern Cross Transmission, LLC, which requires ERCOT to address a number of issues as a condition for the energization of the DC Tie project proposed by Southern Cross Transmission, LLC.  Directive 8 in the order requires, in part, that ERCOT “determine whether Southern Cross Transmission or any other entity scheduling flows across the Southern Cross DC Tie should be required to provide or procure voltage support service…”  This directive essentially requires a determination as to whether Southern Cross Transmission, LLC should be required to provide some quantity of Reactive Power capability to facilitate imports and exports over that DC Tie.  ERCOT also considered this question in context of policy for other potential new DC Ties.

ERCOT and stakeholders on the Technical Advisory Committee (TAC) determined that new DC Ties should be required to provide a defined measure of Reactive Power capability similar to that required of Generation Resources and Energy Storage Resources (ESRs).  These Resources are required to provide leading/lagging Reactive Power capability at a 0.95 power factor in accordance with Section 3.15, Voltage Support, to help meet the Reactive Power needs resulting from their MW Injections and MW Withdrawals.  Similarly, imports and exports over DC Ties require reactive support.  Accordingly, ERCOT developed the following proposal, which was endorsed by TAC on January 27, 2021 and serves as basis for this NPRR:

Any DC Tie facility that has an initial energization date after January 1, 2021, and any DC Tie facility that is replaced after that date, shall have at least 0.95 power factor leading/lagging reactive power capability.
This NPRR implements ERCOT’s TAC-approved proposal.  Consistent with that position, this NPRR does not require existing DC Tie Facilities to provide Reactive Power capability in the absence of any other significant changes at those Facilities.  This is because the existing DC Ties interconnected to the ERCOT System are all owned by TSPs, which have already installed separate reactive capability to meet their obligations related to voltage support under the Protocols, Operating Guides, and North American Electric Reliability Corporation (NERC) Reliability Standards.  Requiring these TSPs to install additional capability to meet the standard proposed in this NPRR would be superfluous and unnecessarily costly.  

	Credit Work Group Review
	ERCOT Credit Staff and the Credit Work Group (Credit WG) have reviewed NPRR1098 and do not believe that it requires changes to credit monitoring activity or the calculation of liability.

	PRS Decision
	On 10/14/21, PRS voted via roll call to recommend approval of NPRR1098 as submitted.  There were three abstentions from the Consumer (Occidental), and Independent Retail Electric Provider (IREP) (2) (Reliant, Just Energy) Market Segments.  All Market Segments participated in the vote.

On 11/10/21, PRS voted via roll call to table NPRR1098.  There was one abstention from the Consumer (Occidental) Market Segment.  All Market Segments participated in the vote.

On 12/14/21, PRS voted unanimously via roll call to endorse and forward to TAC the 11/10/21 PRS Report as amended by the 11/29/21 ERCOT comments and the Impact Analysis for NPRR1098 with a recommended priority of 2022 and rank of 2530.  All Market Segments participated in the vote.

	Summary of PRS Discussion
	On 10/14/21, participants discussed potential impacts to the review and approval timeline should NPRR1098 be tabled, and that the related NOGRR and PGRR are being discussed at ROS working groups ahead of the comment period for ROS.  Participants noted that Urgent status might be requested for the related NOGRR and PGRR so that the three items may be considered together by the ERCOT Board.

On 11/10/21, NPRR1098 was not discussed due to time constraints.

On 12/14/21, participants reviewed the 11/29/21 ERCOT comments and the Impact Analysis.

	TAC Decision
	On 1/31/22, TAC voted unanimously via roll call to recommend approval of NPRR1098 as recommended by PRS in the 12/14/21 PRS Report.  All Market Segments participated in the vote.

	Summary of TAC Discussion
	On 1/31/22,  TAC reviewed the ERCOT Opinion and ERCOT Market Impact Statement for NPRR1098.

	ERCOT Opinion
	ERCOT supports approval of NPRR1098

	ERCOT Market Impact Statement
	ERCOT Staff has reviewed NPRR1098 and believes the market impact for NPRR1098 is consistent with the TAC-approved proposal in response to Directive 8 of the May 23, 2017 order of the PUCT in Project No. 46304 which requires ERCOT to address a number of issues as a condition for the energization of the DC Tie project proposed by Southern Cross Transmission, LLC.  

	ERCOT Board Decision
	On 3/7/22, the ERCOT Board recommended approval of NPRR1098 as recommended by TAC in the 1/31/22 TAC Report.

	PUCT Decision
	On 3/31/22, the PUCT approved NPRR1098 and accompanying ERCOT Market Impact Statement as presented in Project No. 52934, Review of Rules Adopted by the Independent Organization.


	Sponsor

	Name
	John Bernecker

	E-mail Address
	John.Bernecker@ercot.com 

	Company
	ERCOT

	Phone Number
	512-248-4274

	Cell Number
	

	Market Segment
	Not Applicable


	Market Rules Staff Contact

	Name
	Brittney Albracht

	E-Mail Address
	Brittney.Albracht@ercot.com 

	Phone Number
	512-225-7027


	Comments Received

	Comment Author
	Comment Summary

	Oncor 110121
	Proposed revisions to ensure requirements are appropriately split between facility owners and facility operators; proposed deleting the paragraph that would allow Reactive Power requirements to be addressed by a TSP through an arrangement with a Direct Current Tie Operator (DCTO) or DC Tie owner

	ERCOT 112921
	Supported the proposal in the 11/1/21 Oncor comments to clarify obligations for owners of DC Ties versus DCTOs; proposed additional clarifying language regarding telemetry requirements related to control systems used to automatically control voltage at the Point of Interconnection Bus (POIB); noted neutrality regarding other language in the 11/1/21 Oncor comments


	Market Rules Notes


Please note that the baseline language in the following section(s) has been updated to reflect the incorporation of the following NPRRs into the Nodal Protocols:

· NPRR1005, Clarify Definition of Point of Interconnection (POI) and Add Definition Point of Interconnection Bus (POIB) (unboxed 2/1/22)

· Section 2.1

· Section 3.10.7.5.2

	Proposed Protocol Language Revision


2.1
DEFINITIONS

Point of Interconnection (POI)
Any physical location where a Generation Entity’s Facilities or any Direct Current Tie (DC Tie) Facilities electrically connect to a Transmission Service Provider’s (TSP’s) Facilities.
Point of Interconnection Bus (POIB)

For a Generation Resource or Direct Current Tie (DC Tie) connecting to the ERCOT Transmission System through a Transmission Service Provider (TSP) substation, the Electrical Bus at that TSP substation that is electrically closest to the Generation Resource’s or DC Tie’s Point of Interconnection (POI), or any electrically equivalent Electrical Bus in that substation.  For a Generation Resource connecting to the ERCOT Transmission System through a non-TSP substation, the Electrical Bus at that non-TSP substation that is electrically closest to the Generation Resource’s POI, or any electrically equivalent Electrical Bus in that substation.
3.10.7.5.2
Continuous Telemetry of the Real-Time Measurements of Bus Load, Voltages, Tap Position, and Flows
(1)
Each TSP and QSE shall provide telemetry of voltages, flows, and Loads on any modeled Transmission Element it owns or its Resource Entity owns, respectively, to the extent such may be required to estimate all transmission Load withdrawals and generation injections to and from the ERCOT Transmission Grid using the State Estimator and as needed to meet the State Estimator requirements set forth in Section 3.10.9, State Estimator Requirements, with consideration given to the economic implications of inaccurate LMP results versus the cost to remedy.

	[NPRR857:  Replace paragraph (1) above with the following upon system implementation:]
(1)
Each TSP, DCTO, and QSE shall provide telemetry of voltages, flows, and Loads on any modeled Transmission Element it owns or its Resource Entity owns, respectively, to the extent such may be required to estimate all transmission Load withdrawals and generation injections to and from the ERCOT Transmission Grid using the State Estimator and as needed to meet the State Estimator requirements set forth in Section 3.10.9, State Estimator Requirements, with consideration given to the economic implications of inaccurate LMP results versus the cost to remedy.


(2)
Each QSE that represents a Split Generation Resource, with metering according to Section 3.8, Special Considerations for Split Generation Meters, Combined Cycle Generation Resources, Quick Start Generation Resources, Hydro Generation Resources, Energy Storage Resources, and Distribution Generation Resources, and Distribution Energy Storage Resources, shall provide ERCOT with telemetry of the actual equivalent generator injection of its Split Generation Resource and the Master QSE shall provide telemetry in accordance with Section 6.5.5.2, Operational Data Requirements, on a total Generation Resource basis.  ERCOT shall calculate the sum of each QSE’s telemetry on a Split Generation Resource and compare the sum to the telemetry for the total Generation Resource.  ERCOT shall notify each QSE representing a Split Generation Resource of any errors in telemetry detected by the State Estimator.

(3)
Each TSP and QSE shall provide telemetered measurements at a periodicity of ten seconds on modeled Transmission Elements it owns or its Resource Entity owns, respectively, to ensure State Estimator observability of any monitored voltage and power flow between their associated transmission breakers to the extent such can be shown to be needed to meet the State Estimator requirements set forth in Section 3.10.9.  On monitored non-Load substations, ERCOT may request additional telemetry in accordance with Section 3.10.7.5.10, ERCOT Requests for Redundant Telemetry.

	[NPRR857:  Replace paragraph (3) above with the following upon system implementation:]
(3)
Each TSP, DCTO, and QSE shall provide telemetered measurements at a periodicity of ten seconds on modeled Transmission Elements it owns or its Resource Entity owns, respectively, to ensure State Estimator observability of any monitored voltage and power flow between their associated transmission breakers to the extent such can be shown to be needed to meet the State Estimator requirements set forth in Section 3.10.9.  On monitored non-Load substations, ERCOT may request additional telemetry in accordance with Section 3.10.7.5.10, ERCOT Requests for Redundant Telemetry.


(4)
The accuracy of the State Estimator is critical to successful market operations.  For this reason it is a critical objective for ERCOT to maintain reasonable and accurate results of the State Estimator.  ERCOT shall use all reasonable efforts to achieve that objective, including the provision of legitimate constraints used in calculating LMPs.  

(5)
Each TSP, QSE and ERCOT shall develop a continuously operated program to maintain telemetry of all Transmission Element measurements to provide accurate State Estimator results as outlined in Section 3.10.9.  For any location where there is a connection of multiple, measured, Transmission Elements, ERCOT shall have an automated process to detect and notify ERCOT System operators if the residual sum of all telemetered measurements is more than:

(a)
5% of the largest line Normal Rating at the State Estimator Bus; or 

(b)
Five MW, whichever is greater.  

If a location chronically fails this test, ERCOT shall notify the applicable TSP or QSE and suggest actions that the TSP or QSE could take to correct the failure.  Within 30 days, the TSP or QSE shall take the actions necessary to correct the failure or provide ERCOT with a detailed plan with a projected time frame to correct the failure.  ERCOT shall post a notice on the MIS Secure Area of any State Estimator Buses not meeting the State Estimator requirements set forth in Section 3.10.9, including a list of all measurements and the residual errors on a monthly basis.  

	[NPRR857:  Replace paragraph (5) above with the following upon system implementation:]
(5)
Each TSP, DCTO, QSE, and ERCOT shall develop a continuously operated program to maintain telemetry of all Transmission Element measurements to provide accurate State Estimator results as outlined in Section 3.10.9.  For any location where there is a connection of multiple, measured, Transmission Elements, ERCOT shall have an automated process to detect and notify ERCOT System operators if the residual sum of all telemetered measurements is more than:

(a)
5% of the largest line Normal Rating at the State Estimator Bus; or 

(b)
Five MW, whichever is greater.  

If a location chronically fails this test, ERCOT shall notify the applicable TSP, DCTO, or QSE and suggest actions that the TSP, DCTO, or QSE could take to correct the failure.  Within 30 days, the TSP, DCTO, or QSE shall take the actions necessary to correct the failure or provide ERCOT with a detailed plan with a projected time frame to correct the failure.  ERCOT shall post a notice on the MIS Secure Area of any State Estimator Buses not meeting the State Estimator requirements set forth in Section 3.10.9, including a list of all measurements and the residual errors on a monthly basis.  


(6)
ERCOT shall implement a study mode version of the State Estimator with special tools designed for troubleshooting and tuning purposes that can be used independently of any other ERCOT process that is dependent on the Real-Time State Estimator.  ERCOT shall implement a process to recognize inaccurate State Estimator results and shall create and implement alternative Real-Time LMP calculation processes for use when inaccurate results are detected.  ERCOT must be guided in this by Section 3.10.9.

(7)
ERCOT shall establish a system to provide overload and over/under limit alarming on all Transmission Elements monitored as constraints in the LMP models.

(8)  
Each TSP shall designate which telemetered measurement of the POIB voltage shall be utilized to determine compliance with Voltage Set Point instructions, and then update the designation as necessary in the Network Operations Model by submitting a NOMCR.  Each TSP shall telemeter this POI kV bus measurement to ERCOT.  If the TSP cannot provide a kV bus measurement at the POI, the TSP may propose an alternate location subject to ERCOT approval. 
(9)
Each TO designated by a DCTO operating a DC Tie meeting the applicability requirements of paragraph (1) of Section 3.15.4, Direct Current Tie Owner and Direct Current Tie Operator (DCTO) Responsibilities Related to Voltage Support, shall designate which telemetered measurement of the POIB voltage shall be utilized to determine compliance with target voltage instructions, and then update the designation as necessary in the Network Operations Model by submitting a NOMCR.  Each TO shall telemeter this POI kV bus measurement to ERCOT via ICCP and the DCTO via telemetry.  If the TO cannot provide a kV bus measurement at the POI, the TO may propose an alternate location subject to ERCOT approval.
3.15.1
ERCOT Responsibilities Related to Voltage Support

(1)
ERCOT, in coordination with the TSPs, shall establish, and update as necessary, Voltage Profiles at POI of Generation Resources required to provide VSS to maintain system voltages within established limits.

	[NPRR989:  Replace paragraph (1) above with the following upon system implementation:]
(1)
ERCOT, in coordination with the TSPs, shall establish, and update as necessary, Voltage Profiles at POI of Generation Resources and ESRs required to provide VSS to maintain system voltages within established limits.


(2)
ERCOT shall communicate to the Qualified Scheduling Entity (QSE) and TSPs the desired voltage at the point of generation interconnection by providing Voltage Profiles.

	[NPRR989:  Replace paragraph (2) above with the following upon system implementation:]
(2)
ERCOT shall communicate to the Qualified Scheduling Entity (QSE) and TSPs the desired voltage at the POI by providing Voltage Profiles.


(3)
ERCOT, in coordination with TSPs, shall deploy static Reactive Power Resources as required to continuously maintain dynamic reactive reserves from QSEs and DCTOs, both leading and lagging, adequate to meet ERCOT System requirements. 

(4)
For any Market Participant’s failure to meet the Reactive Power voltage control requirements of these Protocols, ERCOT shall notify the Market Participant in writing of such failure and, upon a request from the Market Participant, explain whether and why the failure must be corrected.

(5)
ERCOT shall notify all affected TSPs of any alternative requirements it approves.

(6)
Annually, ERCOT shall review Distribution Service Provider (DSP) power factors using the actual summer Load and power factor information included in the annual Load data request to assess whether DSPs comply with the requirements of this subsection.  At times selected by ERCOT, ERCOT shall require manual power factor measurement at substations and POIs that do not have power factor metering.  ERCOT shall try to provide DSPs sufficient notice to perform the manual measurements.  ERCOT may not request more than four measurements per calendar year for each DSP substation or POI where power factor measurements are not available.

(7)
If actual conditions indicate probable non-compliance of TSPs and DSPs with the requirements to provide voltage support, ERCOT shall require power factor measurements at the time of its choice while providing sufficient notice to perform the measurements.

(8)
ERCOT shall investigate claims of TSP and DSP alleged non-compliance with Voltage Support requirements. The ERCOT investigator shall advise ERCOT and TSP planning and operating staffs of the results of such investigations. 

3.15.4
Direct Current Tie Owner and Direct Current Tie Operator (DCTO) Responsibilities Related to Voltage Support

(1)
The following Direct Current Ties (DC Ties) are subject to the Reactive Power capability requirements specified in these Protocols and the ERCOT Operating Guides:

(a) 
Any DC Tie with an initial energization date after January 1, 2021.

(b)
Any DC Tie that is modified by increasing the physical capacity of the DC Tie by 20 MW or more or by changing the power converter associated with the DC Tie, unless the replacement is in-kind.

(2)
The owner of a DC Tie meeting the applicability requirements of paragraph (1) above shall ensure that the DC Tie Facility has the following Reactive Power capabilities:

(a)
An over-excited (lagging or producing) power factor capability of 0.95 or less determined at the DC Tie’s physical capacity at any voltage from 0.95 per unit to 1.04 per unit, as measured at the Point of Interconnection Bus (POIB);

(b)
An under-excited (leading or absorbing) power factor capability of 0.95 or less determined at the DC Tie’s physical capacity at any voltage from 1.0 per unit to 1.05 per unit, as measured at the POIB;

(c)
Reactive Power capability shall be available at all MW levels, whether injecting or withdrawing power, and may be met through a combination of the DC Tie’s dynamic leading and lagging operating capability and/or dynamic VAr-capable devices.

(3)
The owner of a DC Tie meeting the applicability requirements of paragraph (1) above must conduct an engineering study demonstrating the ability of the DC Tie Facility to meet the Reactive Power requirements in paragraph (2) above.  Any study results must be accepted by ERCOT prior to the initial energization date of the DC Tie.

(4)
ERCOT may, with notice, require performance testing to demonstrate a DC Tie Facility’s ability to meet the Reactive Power requirements in paragraph (2) above.


(5)
Each Direct Current Tie Operator (DCTO) operating a DC Tie Facility meeting the applicability requirements of paragraph (1) above shall comply with any instruction from its designated Transmission Operator (TO) with respect to the DC Tie’s reactive power capability, including any instruction to maintain a target voltage at the POIB, subject to the DC Tie’s operating characteristic limits and voltage limits, and within the tolerances identified in paragraph (2) of Nodal Operating Guide Section 2.7.3.6, DCTO Responsibilities and DC Tie Requirements, and subject to any superseding Dispatch Instruction from ERCOT.
(6)
The owner of a DC Tie meeting the applicability requirements of paragraph (1) above shall implement a control system to control all devices at a DC Tie Facility needed to meet the Reactive Power requirements in paragraph (2) above.  
(a)
The control system shall be operated in automatic voltage control mode unless ERCOT directs the DCTO to operate the system in manual mode.
(b)
The DCTO shall provide to its designated TO, via telemetry, the status of the control system.  An “On” status will indicate that the control system is on and set to regulate the voltage at the DC Tie’s POIB in automatic voltage control mode, and an “Off” status will indicate that the control system is off or in manual mode.
6.5.6
TSP, TO, DCTO, and DSP Responsibilities

(1)
Each TSP shall notify ERCOT of any changes in status of Transmission Elements as provided in these Protocols and clarified in the ERCOT procedures.

(2)
Each TSP shall as soon as practicable report to ERCOT any short-term inability to meet minimum TSP reactive requirements.

(3)
Each DSP shall as soon as practicable report to ERCOT any short-term inability to meet minimum DSP reactive requirements.
(4)
Each DCTO shall immediately notify its designated TO of any change that affects the reactive capability of any DC Tie Facility it operates, including any change to the operation mode of the DC Tie Facility’s voltage control system or any temporary transmission voltage limit changes.  Each TO designated by a DCTO shall immediately notify ERCOT when a DC Tie Facility experiences a change that affects its reactive capability, including any change to the operation mode of the DC Tie Facility’s voltage control system or any temporary transmission voltage limit changes.
(5)
Each TO designated by a DCTO operating a DC Tie meeting the applicability requirements of paragraph (1) of Section 3.15.4, Direct Current Tie Owner and Direct Current Tie Operator (DCTO) Responsibilities Related to Voltage Support, shall for each such DC Tie provide to ERCOT, via ICCP, the status of the DC Tie Facility’s voltage control system.  An “On” status will indicate that the control system is on and set to regulate the voltage at the DC Tie’s POIB in automatic voltage control mode, and an “Off” status will indicate that the control system is off or in manual mode.

(6)
Each TO designated by a DCTO operating a DC Tie meeting the applicability requirements of paragraph (1) of Section 3.15.4 shall telemeter to ERCOT, via ICCP, the Real-Time target voltage at each DC Tie’s POIB.  Each TO shall modify the telemetered target voltage to match any verbal target voltage instruction issued as soon as practicable.
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