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Section 1 – Introduction
Phase 3 of Load Frequency Control (LFC) Early Delivery Systems (EDS) will test ERCOT’s ability to maintain system frequency and energy balance using the Nodal System for Regulation service and Security Constrained Economic Dispatch (SCED).  During Phase 3 testing, both the Nodal and Zonal Systems will be solving system Regulation service and energy balance.  All QSEs with resources, however, will be required to follow the Updated Desired Base Points (UDBP) calculated by LFC; and all QSEs providing Regulation Service must follow the LFC produced Regulation Dispatch Instruction.  The UDBPs from LFC are derived from the SCED calculated Base Points.
To facilitate this test, QSEs must submit Zonal Balancing Energy Service portfolio bids to be used by the Zonal System and resource specific energy offer curves, or output schedules, to be used by SCED.   The Energy Offer Curves provided by the QSEs during Phase 3 testing shall be representative of the same QSE portfolio Balancing Energy Service bids submitted to the Zonal System.  The individual resource offers should effectively be the same as those a QSE would use to individually dispatch its own resources assuming it were accepting control from the Zonal System.  QSEs should continue all normal bidding and scheduling activities in the Zonal Market throughout the test period.  In effect, QSEs will be operating in both the Zonal and Nodal Markets in parallel.

During Phase 3 testing, The Zonal System will continue to operate as normal and calculate MCPEs for each Congestion Management Zone based on QSE submitted Balancing Energy Service bids. However, SCED will manage energy balance and will provide Resource-Specific Base Points for all resources using Energy Offer Curves or Output Schedules provided by the QSE.   All congestion will be managed locally in the Zonal System.  Commercially Sensitive Constraints (CSCs) will be deactivated in the Zonal System.  The same constraints that are activated in Zonal RTCAM to manage local congestion will be activated in Nodal TCM.  This will help to ensure that Zonal MCPEs, OOME and Local Balancing Energy deployments are accurate.  
This white paper considers the impacts of Phase 3 LFC testing to Market Settlements; specifically the steps that will be taken by ERCOT Market Settlements to minimize financial exposure due the test and ensure an accurate financial settlement of the Zonal Market,  A framework for the proposed approach as well as specific examples and Settlements calculations will also be presented.
Section 2 – Problem Statement

The ERCOT Zonal and Nodal Markets use different mechanisms to manage regulation, energy balance and congestion within the ERCOT service area.  The Zonal Market utilizes QSE portfolio deployments to provide system regulation and energy balance as well as resolve inter-zonal congestion, while local congestion is managed using individual resources deployed for Out of Merit Energy (OOME) and Local Balancing Energy (LBE).  The Nodal Market will utilize unit specific deployments to manage system regulation, energy balance and all congestion.
Using the ERCOT Nodal System to control System regulation and energy balance while, in parallel running the ERCOT Zonal Market, poses challenges to Market Settlements.  The main challenge for Market Settlements is determining how to most accurately financially settle the Market during the LFC Phase 3 test period using Zonal bill determinants and charge types.  Accurate settlement should reduce financial exposure to QSEs participating in the test.   It must follow the Zonal Protocols using MCPEs calculated in the Zonal Market.  Accurate settlement must relieve QSEs from uninstructed resource charges that may arise from following SCED deployments.  It must also, to the greatest extent possible, settle resources used by SCED to resolve congestion using the unit specific charge types available in the Zonal Protocols.  
Section 3 – Settlements Procedure for Phase 3 of LFC Testing
This section of the white paper outlines the specific steps that will be taken by ERCOT Market Settlements to ensure the financial settlement of the Zonal Market is accurate and complete during LFC Phase 3 testing. 

The following assumptions are required for accurate settlement of the Zonal Market during Phase 3 of LFC testing:  

· The resource specific energy offer curves provided by QSEs will be representative of the Balancing Energy Service Bids submitted to the Zonal Market during LFC System testing.  The individual Resource Offer Curves should effectively be the same as those the QSE would use to individually dispatch its own resources assuming it were accepting control from the Zonal System. 
· QSEs will continue to update their Resource Plans and Base Power Schedules during the test period.  Intraday changes made to resource specific energy offer curves will be reflected in updates to Balancing Energy Service Bids submitted to the Zonal Market.

· QSEs shall continue to update their Zonal Schedules throughout the test period.

· QSEs shall follow the base points provided by the Nodal System and ignore instructions from the Zonal System.

· The same constraints will be activated in both Zonal RTCAM and Nodal TCM, and the same resources will be deployed to resolve local congestion by both the Zonal and Nodal Systems.
Based on the above assumptions, below is a list of the steps Settlements will take to ensure accurate financial settlement followed by detailed descriptions of each.
During Phase 3 of LFC Testing, ERCOT Market Settlements will:

· Settle transactions based on the Zonal Protocols using MCPEs calculated in the Zonal Market.
During the LFC Phase 3 test period, the Zonal System will be running in parallel to the Nodal System.  QSEs must continue all normal activities in the Zonal Market, such as submitting Balancing Energy Service bids, updating schedules and resource plans.  Since the Zonal System will continue to operate, MCPEs for each congestion management zone will be calculated, and unit specific deployments will be created to manage local congestion.  As with any normal day of Zonal operations, Settlements will receive all input data needed to settle the Zonal Market.  All transactions will be settled using the Zonal Protocols except where explicitly noted.  Any changes to the Zonal Protocols that may need to be effective during LFC Phase 3 testing will be submitted by ERCOT and go though the normal Protocol Revision Request process.
· Receive Verbal Dispatch Instructions (VDI) for the hours the QSE participated in LFC Regulation testing.
Settlements will receive a Verbal Dispatch Instruction for each QSE participating in Phase 2 of LFC testing.  The VDI will note, the QSE receiving the instruction, both the test start and stop times, ERCOT operator and QSE operator names, and a short description of the instruction.  The VDI will be the document of record that will allow Settlements to accurately relieve QSEs of all URC charges during the test period. For Phase 3 of LFC Testing, Settlements will receive a VDI noting the start time when the first QSE is brought under Nodal System control and the stop time when the last QSE is returned to Zonal System control.  This start and stop time will be used to define the Phase 3 test period. 
· Remove Uninstructed Resource Charges (URC) for QSEs under test for the hour before the test period, during the test period and the hour following the test period.
Settlements will use the VDIs received from ERCOT operators to determine the hours of the test period for each QSE.  Based on those times, Settlements will not calculate any URC charges for the hour before the test period, all hours during the test, and the hour following the test period.  If the test is discontinued and resources are returned to Zonal control, then URC will apply following the first full hour of resumed Zonal Operations.

· Ensure that QSEs receive an SCE exception during intervals defined by the VDI issued for the Phase 3 test period.
SCE calculated during the Phase 3 test period will be excluded from the monthly SCE performance calculation.  The VDI issued by ERCOT operators during the System wide test will inform the Texas Regional Entity (TRE) of the test period during which all QSEs under test will receive an SCE exception.
· Update the instructed output levels for units deployed by the Zonal Market for OOME and Local Balancing Energy.  The instructed output levels will be replaced with integrated SCED base points. 
The same constraints will be activated in Zonal RTCAM and Nodal TCM.  Therefore, both the Nodal and Zonal System should deploy the same units to resolve local congestion.  During Phase 3 of LFC testing resources will be required to follow base point instructions issued by the Nodal System.  While the same units will be dispatched in both systems to relieve a constraint, the instructed levels in each system may differ.  To resolve this issue, Settlements will replace the instructed output level of all units deployed for OOME and Local Balancing Energy by the Zonal System with integrated SCED base points.  The SCED base points will be time weighted and integrated to 15 minute values.  The integrated base points will be used by Settlements to calculate OOME and Local Balancing Energy payments.  

On LFC Phase 3 test day +1, Settlements will receive data showing all units that were deployed by the Zonal System for OOME and Local Balancing Energy.  Settlements will then request SCED base points from ERCOT operations for those units deployed.  Settlements will use the SCED calculated base point, not the LFC updated desired base point. The average regulation instruction will not be factored into the base point in order to ensure similarity between the SCED base point and the Zonal calculated instructed output level.  For the time period of the test, Settlements will apply the following formula to calculate the integrated 15 minute base points that will be used in the calculation of OOME and Local Balancing Energy. (See Appendix A for an example of base point integration)
AABP = 
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The above variables are defined as follows:

	Variable
	Unit
	Definition

	AABP
	MW
	Adjusted Aggregated Base Point—The Generation Resource’s aggregated Base Point NOT adjusted for Ancillary Service deployments, for the 15-minute Settlement Interval.

	BP y
	MW
	Base Point by interval—The Base Point for the Generation Resource at the Resource Node, for the SCED interval y.

	TLMP y
	second
	Duration of SCED interval per interval—The duration of the portion of the SCED interval y within the 15-minute Settlement Interval.

	y
	none
	A SCED interval in the Settlement Interval.  The summation is over the total number of SCED runs that cover the 15-minute Settlement Interval.


Below are the calculations for the payment of OOME Up and OOME Down Energy to Provider as well as Local Balancing Energy Up and Down to Provider.  In these calculations, the integrated base point described above, AABP, will replace the settlement’s bill determinants, OOMIOL and OOMEVDI in the calculation of OOME and LEIOL in the calculation of LBE.  (See Appendix B for an example of OOME Up Payment to Provider
OOME Up Payment to Provider

EOOMAMT = -1 * (MAX(RCGFCU - MCPER), 0)
      * MAX(0, MIN(GSITETOT-RP, OOMUEQ))
Where for Zonal: OOMUEQ = MAX(0, OOMEVDI or OOMIOL - RP)
Where for LFC Testing: OOMUEQ = MAX(0, ¼*AABP - RP)
OOME Down Payment to Provider

EOOMDNAMT =  -1 * [(Max (0, (MCPER - RCGFCD))
* MAX (0, (Min ((RP - GSITETOT), OOMDEQ))]

Where for Zonal:  OOMDEQ = Max (0, (RP - OOMEVDI or OOMIOL))
Where for LFC Testing:  OOMDEQ = Max (0, (RP - ¼*AABP))

The above variables for OOME Up and OOME Down are defined as follows:

	Variable
	Unit
	Definition

	EOOMAMT
	$
	Out of Merit Energy Up Payment ($) for that interval per unit per QSE

	EOOMDNAMT
	$
	Out of Merit Energy Down Payment ($) for that interval per unit per QSE

	MCPER
	$/MWh
	Market Clearing Price for Energy per interval per zone

	RCGFCU
	$/MWh
	Resource Category Generic Fuel Cost for a specific category for an Up Instruction.  

	RCGFCU
	$/MWh
	Resource Category Generic Fuel Cost for a specific category for a Down Instruction.  

	RP
	MW
	Resource Plan output level submitted by the QSE for the specific unit given the OOM instruction for that interval.

	GSITETOT
	MWh
	Meter Reading for that unit for that interval per QSE

	OOMUEQ
	MWh
	OOM Up quantity deployed for that unit per interval per QSE

	OOMDEQ
	MWh
	OOM Down quantity deployed for that unit per interval per QSE

	OOMEVDI/

OOMIOL
	MWh
	OOM Energy Instructions for that interval for that unit – OOME Instructed Output Level

	AABP
	MW
	Adjusted Aggregated Base Point—The Generation Resource’s aggregated Base Point NOT adjusted for Ancillary Service deployments, for the 15-minute Settlement Interval.


Local Balancing Energy Up to Provider

LBEUPAMT =  -1 * [(MAX (OOMLEUPBP, MCPER)) - MCPER)

* (MAX (0, MIN ((GSITETOT - RP), LBEUQ)))]

Where for Zonal:  LBEUQ = Max (0, (LEIOL - RP))   
Where for LFC Testing:  LBEUQ = Max (0, (¼*AABP - RP))                                                         

Local Balancing Energy Down to Provider
LBEDNAMT =  -1 * [Max(0, (MCPER - OOMLEDNBP))

* MAX (0, MIN ((RP - GSITETOT), LBEDQ))]

Where for Zonal:  LBEDQ = Max (0, (RP - LEIOL))

Where for LFC Testing:  LBEDQ = Max (0, (RP - ¼*AABP))

The above variables for LBE Up and LBE Down are defined as follows:

	Variable
	Unit
	Definition

	LBEUPAMT
	$
	Local Balancing Energy Up Payment ($) for that interval per unit per QSE

	LBEDNAMT
	$
	Local Balancing Energy Down Payment ($) for that interval per unit per QSE

	MCPER
	$/MWh
	Market Clearing Price for Energy per interval per zone

	OOMLEUPBP
	$/MWh
	Incremental bid premium for that specific unit per interval for Up Instruction

	OOMLEDNBP
	$/MWh
	Incremental bid premium for that specific unit per interval for Down Instruction

	RP
	MW
	Resource Plan output level submitted by the QSE for the specific unit given the OOM instruction for that interval.

	GSITETOT
	MWh
	Meter Reading for that unit for that interval per QSE

	LBEUEQ
	MWh
	Local Balancing Energy Up quantity deployed for that unit per interval per QSE

	LBEDEQ
	MWh
	Local Balancing Energy Down quantity deployed for that unit per interval per QSE

	LEIOL
	MWh
	Local Balancing Energy Instructions for that interval for that unit – LBE Instructed Output Level

	AABP
	MW
	Adjusted Aggregated Base Point—The Generation Resource’s aggregated Base Point NOT adjusted for Ancillary Service deployments, for the 15-minute Settlement Interval.


Appendix A – Base Point Integration Example
	
	Length of SCED (seconds) "TLMP"
	Base Point for G1 (MW) "BP"

	Last SCED in 15 min 
	300
	90

	1st SCED in 15 min 
	300
	100

	2nd SCED in 15 min
	300
	120

	3rd SCED in 15 min 
	100
	140

	4th SCED in 15 min
	200
	150

	AABP
	 
	115

	Total
	900
	


Appendix B – OOME Up Payment to Provider Example
	Input Data
	Total
	interval 1
	interval 2
	interval 3
	interval 4
	interval 5

	RP_GT1 (converted to MWh)
	100
	20
	20
	20
	20
	20

	AABP *1/4
	1300
	80
	80
	80
	80
	80

	Actual Unit Output 
	410
	82
	82
	82
	82
	82

	MCPER
	152.8
	22.35
	27.46
	35.89
	34.64
	32.46

	 
	
	
	
	
	
	 

	 
	
	
	
	
	
	 

	Payment Where OOMIOL = AABP
	Total
	interval 1
	interval 2
	interval 3
	interval 4
	interval 5

	OOMIOL_GT1 = AABP
	400
	80
	80
	80
	80
	80

	RP_GT1 (converted to MWh)
	100
	20
	20
	20
	20
	20

	MCPER
	152.8
	22.35
	27.46
	35.89
	34.64
	32.46

	Unit Generic Cost per MWh
	$750.00
	$150.00
	$150.00
	$150.00
	$150.00
	$150.00

	EOOMUP Quantity
	300
	60
	60
	60
	60
	60

	OOME Up Payment
	-$35,832.00
	-$7,659.00
	-$7,352.40
	-$6,846.60
	-$6,921.60
	-$7,052.40


Appendix C – Settlement’s Bill Determinants Impacted by LFC Phase 3 Testing
The day after the operating day in which LFC Phase 3 testing takes place Settlements will receive data indicating all of the generation resources that were deployed for OOME and Local Balancing Energy by the Zonal System.  Specifically, Settlements will look for the following bill determinants:
· OOMIOL – OOME Instructed Output Level

· OOMEVDI – VDI OOME Instructed Output Level

· LEIOL – Local Energy Instructed Output Level

After the list of units that received unit specific Zonal deployments has been assembled, Settlements will request the units’ SCED generated base points from Market Operations.  Next, Settlements will integrate the base points into 15 minute settlement values using the base point integration formula described earlier in this document.  The integrated base points will be used to replace the OOMIOL, OOMEVDI and LEIOL values generated by the Zonal System.  The updated values will be imported into the Market Settlement’s system in time for Initial Settlement and will be available to QSEs in their extracts. 
Date
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