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Purpose

This report conveys the consensus guidance of the task force regarding the implementation of PIP 102 in ERCOT Protocol Section 8.8.4, Capacity Payments for Voltage Support Provided to ERCOT.  It reflects guidance that is consistent with the approved language of PIP 102 and the contents of the recently approved ERCOT standard, ERCOT Voltage and Reactive Requirements and Compliance Monitoring.  The issues addressed in this report include 1) the monetary amount of the transmission reactive support resource avoided cost that will apply to generation reactive power compensation and 2) administrative and operational responsibilities for ERCOT, the TSPs and QSEs/generation owners to achieve a coordinated approach to reactive power management and voltage support under the provisions of PIP 102.

This is a partial report limited to the subject matter of PIP 102.  Additional views and recommendations within the task force regarding compensation for reactive power production and voltage support that exceed the scope of PIP 102 implementation will be separately reported.

Background

The ERCOT Protocols and PIP 102 are specific in the requirement that generation resources shall operate in a manner to maintain voltage levels specified by ERCOT at the high voltage winding of each generator's step-up transformer.  Typically, control of this voltage is accomplished by varying the excitation level of the generator which in-turn accomplishes changes in voltage output by altering the amount of reactive power that is supplied or absorbed by the generator.  Under load, the effect of varying the generator excitation level can be seen in both the generator's output power factor and its terminal voltage.  PIP 102 describes generator reactive power obligations and specifies payment in terms of the generator output power factor; however, the primary concern of ERCOT Operations is maintenance of the voltage profile across the transmission network (refer to the ERCOT reactive power standard).  Additionally, PIP 102 clarifies that generators shall be compensated only for the amount of reactive power (MVAR) production  (meaning either the supply or absorption of VARS) that exceeds their Unit Reactive Limit (URL) and only during such periods when these MVAR deployments are ordered by ERCOT Operations.  PIP 102 generally defines the URL and sets the amount of compensation for operation beyond the URL at the avoided cost of transmission system reactive devices; however, it does not specify a dollar amount.  Furthermore, in the event that a generator must reduce its (MW) power output to comply with ERCOT reactive power dispatch instructions, PIP 102 specifies that the generator shall be compensated for the amount of MW power reduction at OOME Down.

In general, the intent of PIP 102 is to maintain a dynamic reactive reserve which ERCOT can call upon in emergency situations or when there are operational needs in the transmission network (such as operation at peak or minimum load conditions).  Dynamic reactive reserve from generation is maximized when generators operate at unity power factor; however, it is not possible or feasible to design the transmission network so as to limit generator power factor operation at unity. Consequently, PIP 102 sets for generators, minimum responsibility requirements that are not subject to compensation but requires compensation when operation beyond the minimum requirement is ordered by ERCOT.  These compensation costs are uplifted to the LSEs on a load ratio share basis.  The following describes the task force’s considerations and recommendations in the areas of the administration and amount of compensation to be paid to generators under PIP 102, the determination of each generator's URL and coordinated activities among ERCOT, TSPs and QSE/generation owners for voltage support.

Task Force Guidance on PIP 102 Payment and URL Provisions

On the subject of the payment amounts for reactive power, the task force members were split.  Because generators can produce a range of reactive power under both leading and lagging voltage/current conditions, there is a viewpoint that the generator should be compensated at the avoided cost associated with the installation of dynamic reactive resources in the transmission network.  On the other hand, others are of the opinion that the TSP's role is to install static reactive resources in the transmission network so as to limit the reactive demand placed on generation.  In this viewpoint, generation should be compensated at the avoided cost associated with the installation of static reactive resources.  Data reviewed by the task force indicates that static capacitors and reactors installed at transmission voltage levels cost on the order of $20/KVAR installed, while dynamic devices, such as Static VAR Compensators, cost on the order of $50.00/KVAR installed.  Converting these installed costs to a per MVAR-hour rate to support payments under PIP 102 results in per MVAR-hour rates of $0.757/MVAR-hour and $ 1.893/MVAR-hour
, respectively.

Task Force Recommendation:

The task force recommends that WMS select a generator compensation level based on either $20/KVAR or $50.00/KVAR installed.  Additionally, WMS should decide a reasonable capacity factor to apply when converting the installed capacity factor to a per KVAR-hour rate.

Regarding the administration of the PIP 102 provisions, the task force concluded that the following operational practices should be implemented and reflected in the ERCOT Protocols.  First, with regard to the determination of the URL for each generation unit, PIP 102 establishes each generator's URL at the amount of reactive power production achieved when the generator is operated at a 0.95 (leading or lagging as measured at the transmission point of interconnection) power factor at rated power (MW) output and rated terminal voltage.  However, in determining the URL, the task force recognizes that ERCOT includes generation facilities with a wide range of installed lifetimes.  Consequently, the current abilities of generation facilities may or may not be adequately represented by manufacture's performance curves.

Task Force Recommendation:

That the ERCOT Protocols require ERCOT and each generation owner to establish a URL that is consistent with the generator capability tests described in ERCOT Protocol Section 6.10.3.5.  The unit specific data that serves as the basis for such URLs shall be treated as confidential information by ERCOT.
Second, it is also necessary for payment of reactive power under PIP 102 for ERCOT Operations to issue a dispatch order for MVAR production at amounts beyond the URL.  Such dispatch orders would remain in effect until issuance of a counter dispatch instruction for operation within the URL.  Provisions must be made to assure that ERCOT Operations is cognizant of each generation unit’s URL, to record the initial dispatch and the subsequent counter dispatch order, to communicate the timing information to the settlement systems, and to record reactive power output at the generator EPS metering.  This latter requirement is impacted by the various EPS metering arrangements found across the ERCOT transmission network.  Under PIP 102, it will be necessary to assure that appropriate real and reactive EPS metering data is captured and saved for purposes of voltage support settlement.

Task Force Recommendation:

The task force recommends that WMS request ERCOT to consider the necessary interfaces between operations and settlement necessary to implement the payment provisions of PIP 102, identify the changes needed to existing procedures and guidelines, and report their conclusions to WMS.  Furthermore, the task force recommends that the request include ERCOT's review of the EPS metering impacts associated with the collection and storage of reactive power data, if any, and also report these conclusions to WMS.  Task force members are concerned about the cost impacts of these matters.

Furthermore, to help maintain reactive reserve, the task force encourages an ongoing dialog between the QSE/unit operators and ERCOT Operations staff.  Specifically, QSEs/unit operators should be required to report to ERCOT Operations whenever their generation unit(s) exceeds an specified operating limit.  The task force discussed two possible operating limits – operation at a power factor in excess of 0.98 (leading or lagging) or alternately, operation above some percentage of the URL (perhaps 70 or 80%).  Such reports will allow ERCOT and/or TSP personnel the opportunity to make system and network adjustments to either limit or reduce the generator's reactive power output to within the operating limit.  Such adjustments can include requests to other generators within electrical proximity to adjust reactive power production, so as to equitable share voltage support requirements, or may include switching operations that adjust the amount of reactive power injection or withdrawal by transmission reactive control devices (such as static capacitors and reactors).

Task Force Recommendation:

The task force recommends that the ERCOT Protocols be revised to include the requirement that QSE/generation unit operators, ERCOT Operations and TSPs, seek to achieve a routine operational goal that generation facilities operate within an established operational limit (either a 0.98 power factor (leading or lagging) or X% of the URL) by communication efforts, and generation voluntary response to ERCOT and/or TSP reactive operations requests.
Proposed Protocol Revisions For PIP 102 Implementation

The following protocol revisions are consistent with and support the recommendations included in this report.  These mark-ups are provided to illustrate and clarify the intend of the report's recommendations.  The mark-up provided for Section 6.5.7 introduces the concept of a coordinated effort by ERCOT, TSPs and Generation Owners to operate generation resources within a specified reactive power operating range to assist in maintain reactive reserves.  Revisions provided for Section 6.8.4 are editorial in nature and serve to improve the description of the voltage support service from that contained in the current boxed language.  Finally, the mark-up to Section 6.10 is meant to clarify the process that results in the determination of a URL for each generator.

6.5.7. Voltage Support Service

(1) A QSE’s Generation Resource is expected to operate within the reactive power capability requirements specified in these Protocols and the Operating Guides.

(2) A QSE’s Generation Resource must be capable of maintaining a Voltage Profile limited to the quantity of Reactive Power the Generation Resource can produce at rated capability, (MW), and a power factor of .95 leading or lagging measured at the unit main transformer high voltage terminals.  This quantity of Reactive Power is the Unit Reactive Limit (URL).

(3) Qualified renewable generators (as described in Section 14, Renewable Energy Credit Trading Program) and Generation Resources in operation prior to September 1, 1999 whose current design does not allow them to meet the URL as stated above, will be required to maintain a Voltage Profile that is limited to the quantity of reactive power that the Generation Resource can produce at it’s rated capability (MW) using procedures and criteria as described in the Operating Guides.

(4) A QSE’s Generation Resource is expected to be compliant with the Operating Guides for response to transient voltage disturbance.

(5) Each Generation Resource providing Voltage Support Service must meet technical requirements specified in the Ancillary Service Qualification, Testing and Performance Standards section of these Protocols, Section 6.10.

(6) ERCOT shall establish, and update as necessary, Voltage Profiles at points of interconnection of Generation Resources to maintain system voltages within established limits

(7) ERCOT shall communicate to the QSE the desired voltage at the point of generation interconnection by providing Voltage Profiles.

(8) ERCOT shall deploy static Reactive Power Resources as required to continuously maintain dynamic Reactive Reserves from QSEs, both leading and lagging, adequate to meet ERCOT System requirements.

(9) A QSE’s Generation Resource shall operate with the unit’s automatic voltage regulator (AVR) in use and set to regulate generator terminal voltage unless specifically directed to operate in manual mode by ERCOT.  If the QSE changes the mode, other than under ERCOT direction, then the QSE shall promptly inform ERCOT.  Any QSE-controlled power system stabilizers will be kept in service whenever possible.  QSEs’ control centers will monitor the status of their regulators and stabilizers.
(10) QSEs shall meet, within established tolerances, and respond to changes in the Voltage Profile established by ERCOT subject to the stated QSE Reactive Power and actual power operating characteristic limits and voltage limits.

(11) QSEs shall advise ERCOT Operations whenever their Generation Resources are operating at {power factors less than 0.98 leading or lagging or in excess of X% of the resource's URL – one or the other of these limits would be selected as the specified operating range}.  Upon such notice, ERCOT Operations, in conjunction with the appropriate TSP, shall investigate the situation with the goal of restoring the reported unit's operation to within the specified reactive operating range.  Actions that ERCOT may take include the addition or removal of transmission reactive devices to/from service or a request to another Generation Resource within electrical proximity for the production of leading or lagging VARS (as appropriate) so as to equitably share the need for voltage support among Generation Resources.  Requests arising within the context of this Section may not result in the operation of a Generation Resource outside of the specified reactive operating range.  Accordingly, Generation Resources are expected to voluntarily comply with these requests.  Nothing in this Section is meant to supercede ERCOT's dispatch authority in the event of emergency operations. 
6.8.4. Capacity Payments for Voltage Support Provided to ERCOT

(1) 
(2) 

(1) Uncompensated Reactive Support - Generation Entities will be required to maintain a voltage regulation schedule without compensation limited to the quantity of reactive power the Generation Resource can produce at rated capability, (MW), and a power factor of 0.95 leading or lagging (Unit Reactive Limit - URL) measured at the unit main transformer high voltage terminals; provided, however, existing Generation Resources whose current design does not allow the Facilities to meet the URL as stated above will be required to maintain a voltage regulation schedule, without compensation, that is limited to the quantity of reactive power that the Facilities can produce at rated capability (MW).

(2) Compensated Reactive Support – If ERCOT instructs the Generation Resource to exceed the URL, then the ERCOT will pay for the additional reactive power provided beyond the URL at a price that recognizes the avoided cost of reactive support Resources on the transmission network.

VARPAYui 
= 
-1*(VP*MVARINSui)
VARPAYqi 
= 
SUM(VARPAYui)u

VARPAYi 
= 
SUM(VARPAYqi)q
Where:

MVARINSui 
Amount of instructed MVARs produced by a Generation Resource that are above the URL during settlement interval i or (MVARi actual – MVARURL).
URLu 
The MVAR established by ERCOT for each Generation Resource that is the quantity of reactive power the Generation Resource can produce at rated capability, (MW), and a power factor of 0.95 leading or lagging (Unit Reactive Limit - URL) measured at the unit main transformer high voltage terminals.
VP 
$/MVAR Payment for instructed MVAR beyond a Generation Resource's URLcurrently based on $xx.xx per MVAR installed.
VARPAYui
The amount of payment in dollars for each Generation Resource in settlement interval i that is dispatched beyond its URL.

VARPAYqi
The aggregated VARPAYui in settlement interval i for each QSE 
VARPAYq
The aggregated VARPAYq uplifted to the market in settlement period i.

(3) Compensation for Power Reduction – Compensation for real power reduction to allow voltage support will be compensated as OOME Down, as specified in Section 6.8.2.2(4), Energy Payments, of these Protocols.
6.10.3.5. Reactive Supply from Generation Resources

(1) The Generation Entity must verify and maintain its stated Reactive Power capacity for each of its Generation Resources, as required by the NERC Planning Standards “System Modeling Data Requirements, Generation Equipment.” Sections 2.B, Measurement 3 and as may be required by the Operating Guides.  Generation Resources reactive capability limits shall be specified considering nominal substation voltage.

(2) The Generation Entity will conduct reactive capacity qualification tests to verify the maximum leading and lagging reactive capacity of all Generation Resources.  Reactive capacity tests will be performed on initial qualification and periodically at an ERCOT-set interval no more often than once every two years, unless ERCOT has information indicating that current data is inaccurate.  The Generation Entity is not obligated to place Generation Resources on line solely for testing.  The reactive capacity tests are run at a time agreed on in advance by the Generation Entity, its QSE, the applicable TDSP, and ERCOT.

(3) Maximum lagging power factor reactive operating limit shall be demonstrated during peak Load season, at the net dependable megawatt capability, insofar as system voltage conditions and other factors will allow.  The Generation Resource should be required to maintain this level of reactive power for at least fifteen (15) minutes.

(4) Maximum leading power factor reactive operating limit shall be demonstrated during light Load conditions, with the unit operating at its minimum Load, insofar as system voltage conditions and other factors will allow.  The unit should be required to maintain this level of reactive power for at least fifteen (15) minutes.

(5) The Generation Entity shall perform the unit automatic voltage regulator (AVR) tests and shall supply AVR data as required by the NERC Planning Standards “System Modeling Data Requirements, Generation Equipment.” Sections 2B, Measurement 4, and 2B, Measurement 6 and as may be specified in the Operating Guides.  The AVR tests will be performed on initial qualification and periodically at an ERCOT-set interval no more often than once every five years.  The AVR tests are run at a time agreed on in advance by the Generation Entity, its QSE, the applicable TDSP, and ERCOT.

(6) For purposes of compensation for voltage support provided to ERCOT in accordance with Section 6.8.4 of these Protocols, the generation entity shall establish, during the course of the testing described in this Section, its Unit Reactive Limit (refer to Section 6.8.4.(1) of these protocols ) for both leading and lagging power factor operations.  ERCOT shall validate the URL as determined by the Generation Entity and such URL shall be used to accomplish settlement for voltage support services in accordance with Section 6.8.4.(2) of these Protocols.















� This conversion assumes a 30 year life for the transmission reactive devices, a 10% discount rate, an annual variable cost of 1% of installed cost for O&M and a 50% capacity factor for leading VARS and 20% for lagging VARS.
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