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	Just before the implementation of the Nodal Market, it was discovered that the Real-Time revenues earned by a Resource while ramping from breaker close to the Lowest Sustained Limit (LSL) were not included in the calculation of Reliability Unit Commitment (RUC) Make-Whole Payments.  To mitigate this problem, it was decided to reduce the Start-Up costs in Cost Guarantee by an amount that approximates the Real-Time revenues (Proxy Heat Rate-PHR approximation) and to ensure a balanced equation (total cost versus total revenues).  The reduction in Start-Up costs affects both Day-Ahead (DAM) and RUC procurement given that both use the same cost structure in the calculation of Start-Up Offer Caps, even though reducing Start-Up costs in DAM by the PHR approximation is not desirable since it’s a financial market and generators do not earn additional revenues while ramping to the LSL.
To this end, this Nodal Protocol Revision Request (NPRR) tries to rectify this problem by incorporating the actual fuel costs into the DAM and RUC procurement process and DAM Make-Whole Payment calculation.  However, for RUC Make-Whole Payment calcualtions the Start-Up costs should still be reduced by the PHR for the reasons described herein.
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	Proposed Protocol Language Revision


2.1 DEFINITIONS

Startup Offer  

An offer for all costs incurred by a Generation Resource in starting up and reaching LSL.  The Startup Cost is in dollars per start.  

4.4.9.2
Startup Offer and Minimum-Energy Offer 

The Startup Offer component represents all costs incurred by a Generation Resource in starting up and reaching its LSL.  The Minimum-Energy Offer component represents a proxy for the costs incurred by a Resource in producing energy at the Resource’s LSL.  

	[NPRR664:  Replace Section 4.4.9.2 above with the following upon system implementation:]

4.4.9.2
Startup Offer and Minimum-Energy Offer 

The Startup Offer component represents all costs incurred by a Generation Resource in starting up and reaching its LSL.  The Minimum-Energy Offer component represents a proxy for the costs incurred by a Resource in producing energy at the Resource’s LSL.  


4.6.2.3.1
Day-Ahead Make-Whole Payment

(1)
ERCOT shall pay the QSE a Day-Ahead Make-Whole Payment for an eligible Resource, except that the Day-Ahead Make-Whole RMR Revenue amount is calculated but not paid for any RMR Unit, for each Operating Hour in a DAM-commitment period.  

(2)
Any Ancillary Service Offer cleared for the same Operating Hour, QSE, and Generation Resource as a Three-Part Supply Offer cleared in the DAM shall be included in the calculation of the Day-Ahead Make-Whole Payment.

(3)
The guaranteed cost, energy revenue, and Ancillary Service revenue calculated for each Combined Cycle Generation Resource are each summed for the Combined Cycle Train, and the the Day-Ahead Make-Whole Amount is calculated for the Combined Cycle Train.

(4)
For an Aggregate Generation Resource (AGR), Startup Cost shall be scaled according to the ratio of the maximum number of its generators online during a contiguous block of DAM-committed Intervals, as indicated by telemetry, compared to the total number of generators registered to the AGR and used in the approved verifiable cost for the AGR.
(5)
The Day-Ahead Make-Whole Payment to each QSE for each DAM-committed Generation Resource (excluding RMR Units) is calculated as follows:

DAMWAMT q, p, r, h
=
(-1) * Max (0, DAMGCOST q, p, r + [image: image7.wmf]h

S

DAEREV q, p, r, h 


+ [image: image8.wmf]h

S

DAASREV q, r, h) * DAESR q, p, r, h / ([image: image9.wmf]h

S

DAESR q, p, r, h)

(6)
The Day-Ahead Make-Whole RMR Revenue to each QSE for each DAM-committed RMR Unit is calculated as follows:

DAMWRMRREV q, p,r, h  = (-1) * Max (0, DAMGCOST q, p, r +[image: image10.wmf]h

S

DAEREV q, p, r, h 


+ [image: image11.wmf]h

S

DAASREV q, r, h) * DAESR q, p, r, h / ([image: image12.wmf]h

S

DAESR q, p, r, h)

(7)
The Day-Ahead Make-Whole Guaranteed Costs are calculated for each eligible DAM-Committed Generation Resource (including RMR Units) as follows:

For non-Combined Cycle Trains,

DAMGCOST q, p, r
=
DASUO q, p, r + [image: image13.wmf]h

S

(DAMEO q, p, r, h * DALSL q, p, r, h)



+ [image: image14.wmf]h

S

(DAAIEC q, p, r, h * (DAESR q, p, r, h – DALSL q, p, r, h))

For an AGR,

DAMGCOST q, p, r
=

      DASUPR q, p, r + [image: image15.wmf]h

S

(DAMEO q, p, r, h * DALSL q, p, r, h)



+ [image: image16.wmf]h

S

(DAAIEC q, p, r, h * (DAESR q, p, r, h – DALSL q, p, r, h))
Where:

DASUPR q, p, r
 =
 Min(DASUO q, p, r, DASUCAP q, p, r)

If ERCOT has approved verifiable Startup Costs

Then:

DASUCAP q, p, r        =
Maxc(AGRRATIO q, p, r ) * verifiable Startup Costs q, r
Where:

AGRRATIO q, p, r
 =
AGRMAXON q, p, r / AGRTOT q, p, r
Otherwise:

DASUCAP q, p, r       = 
Maxc(AGGRATIO q,p,r) * RCGSC

For Combined Cycle Trains,

DAMGCOST q, p, r
=
DASUO q, p, r + [image: image17.wmf]h

S

 (DAMEO q, p, r, h * DALSL q, p, r, h)



+ (Max (0, DASUO afterCCGR – DASUO beforeCCGR))



+ [image: image18.wmf]h

S

 (DAAIEC q, p, r, h * (DAESR q, p, r, h – DALSL q, p, r, h))

	[NPRR617:  Replace paragraph (7) above with the following upon system implementation:]

(7)
The Day-Ahead Make-Whole Guaranteed Costs are calculated for each eligible DAM-Committed Generation Resource (including RMR Units) as follows:

For non-Combined Cycle Trains,

DAMGCOST q, p, r
=
Min(DASUO q, p, r , DASUCAP q, p, r) + [image: image19.wmf]h

S

(Min(DAMEO q, p, r, h , DAMECAP p,q, r,h )* DALSL q, p, r, h) + [image: image20.wmf]h

S

(DAAIEC q, p, r, h * (DAESR q, p, r, h – DALSL q, p, r, h))

For a Resource which is not an AGR, 

If ERCOT has approved verifiable Startup Costs and minimum-energy costs for the Resource,
  Then:
DASUCAP p,q, r =
 verifiable Startup Costs q, r, s


DAMECAP p,q,r,h =
verifiable minimum-energy costs q, r, i
  Otherwise: 
DASUCAP p,q, r =  Resource Category Startup Offer Generic Cap (RCGSC)



DAMECAP p,q, r, h = Resource Category Minimum-Energy Generic Cap (RCGMEC)
For an AGR,

DAMGCOST q, p, r
=
DASUPR q, p, r + [image: image21.wmf]h

S

(Min(DAMEOq, p, r, h, DAMECAP p,q,r,h) * DALSL q, p, r, h) + [image: image22.wmf]h

S

(DAAIEC q, p, r, h * (DAESR q, p, r, h – DALSL q, p, r, h))
Where:       DASUPR q, p, r
 =
 Min(DASUO q, p, r, DASUCAP q, p, r)

If ERCOT has approved verifiable Startup Costs

Then:            DASUCAP q, p, r        =
Maxc(AGRRATIO q, p, r ) * verifiable Startup Costs q, r
Where:        AGRRATIO q, p, r
       =
AGRMAXON q, p, r / AGRTOT q, p, r
Otherwise:    DASUCAP q, p, r     = 
Maxc(AGGRATIO q,p,r) * RCGSC

For Combined Cycle Trains,

DAMGCOST q, p, r
=  Min(DASUO q, p, r , DASUCAPq, p, r) + [image: image23.wmf]h

S

 (Min(DAMEO q, p, r, h , DAMECAP q, p, r,h) * DALSL q, p, r, h) + (Max(0, Min(DASUO afterCCGR , DASUCAPafterCCGR) – Min(DASUO beforeCCGR , DASUCAPbeforeCCGR)) + [image: image24.wmf]h

S

 (DAAIEC q, p, r, h * (DAESR q, p, r, h – DALSL q, p, r, h))


(8)
The Day-Ahead Make-Whole Revenue is calculated for each DAM-Committed Generation Resource (including RMR Units) as follows:
DAEREV q, p, r, h

=
(-1) * DASPP p, h * DAESR q, p, r, h

DAASREV q, r, h 

=
((-1) * MCPCRU DAM, h * PCRUR r, q, DAM, h) 



+ ((-1) * MCPCRD DAM, h  * PCRDR r, q,DAM, h) 



+ ((-1) * MCPCRR DAM, h  * PCRRR r, q,DAM, h) 



+((-1) * MCPCNS DAM, h  * PCNSR r, q,DAM, h)  

The above variables are defined as follows:

	Variable
	Unit
	Definition

	DAMWAMT q, p, r, h
	$
	Day-Ahead Make-Whole Payment per QSE per Settlement Point per Resource per hour(The payment to QSE q to make-whole the Startup Cost and energy cost of Resource r committed in the DAM at Resource Node p for the hour h.  When a Combined Cycle Generation Resource is committed in the DAM, payment is made to the Combined Cycle Train for the DAM-committed Combined Cycle Generation Resource.

	DAMWRMRREV q, p, r, h
	$
	Day-Ahead Make-Whole RMR Revenue per QSE per Settlement Point per RMR Resource per hour(The revenue calculated but not paid to QSE q to make-whole the Startup Cost and energy cost of the RMR Resource r committed in the DAM at Resource Node p for the hour h.  When a Combined Cycle Generation Resource that is an RMR Resource is committed in the DAM, revenue is calculated for the Combined Cycle Train for the Combined Cycle Generation Resource.

	DAMGCOST q, p, r
	$
	Day-Ahead Market Guaranteed Amount per QSE per Settlement Point per Resource(The sum of the Startup Cost and the operating energy costs of the DAM-committed Resource r at Resource Node p represented by QSE q, for the DAM-commitment period.  Where for a Combined Cycle Train, the Resource r is a Combined Cycle Generation Resource within the Combined Cycle Train. 

	DAEREV q, p, r, h
	$
	Day-Ahead Energy Revenue per QSE per Settlement Point per Resource by hour(The revenue received in the DAM for Resource r at Resource Node p represented by QSE q, based on the DAM Settlement Point Price, for the hour h.  Where for a Combined Cycle Train, the Resource r is a Combined Cycle Generation Resource within the Combined Cycle Train.

	DAASREV q, r, h
	$
	Day-Ahead Ancillary Service Revenue per QSE per Resource by hour(The revenue received in the DAM for Resource r represented by QSE q, based on the Market Clearing Price for Capacity (MCPC) for each Ancillary Service in the DAM, for the hour h.  Where for a Combined Cycle Train, the Resource r is a Combined Cycle Generation Resource within the Combined Cycle Train.

	DASPP p, h
	$/MWh
	Day-Ahead Settlement Point Price by Settlement Point by hour(The DAM Settlement Point Price at Resource Node p for the hour h.

	DAESR q, p, r, h
	MW
	Day-Ahead Energy Sale from Resource per QSE by Settlement Point per Resource by hour(The amount of energy cleared through Three-Part Supply Offers in the DAM for Resource r at Resource Node p represented by QSE q for the hour h.  Where for a Combined Cycle Train, the Resource r is a Combined Cycle Generation Resource within the Combined Cycle Train.

	DASUPR q, p, r
	$/MWh
	Day-Ahead Startup Price per QSE per Settlement Point per Resource—The derived Startup Price for an AGR r at Resource Node p represented by QSE q, for the first hour of the DAM-commitment period.

	DASUCAP q, p, r,
	$/MWh
	Day-Ahead Startup Cap per QSE per Settlement Point per Resource—The amount used for AGR r as Startup Costs.  The cap is the RCGSC unless ERCOT has approved verifiable unit-specific Startup Costs for that Resource, in which case the startup cap is the scaled verifiable unit-specific Startup Cost.  See Section 5.6.1, Verifiable Costs, for more information on verifiable costs. 

	[NPRR617:  Replace the variable “DASUCAP q, p, r,” above with the following upon system implementation:]

DASUCAP q, p, r,
$/start
Day-Ahead Startup Cap per QSE per Settlement Point per Resource—The amount used for AGR r or Resource r as Startup Costs.  The cap is the Resource Category Startup Offer Generic Cap (RCGSC) unless ERCOT has approved verifiable unit-specific Startup Costs for that Resource, in which case the startup cap is the scaled verifiable unit-specific Startup Cost for the AGR or the verifiable unit-specific Startup Cost for non-AGR Resources.  See Section 5.6.1, Verifiable Costs, for more information on verifiable costs.


	[NPRR617:  Insert the variable “DAMECAP p,q,r,h” below upon system implementation:]

DAMECAP p,q,r,h
$/MWh
Day-Ahead Minimum-Energy Cap —The amount used for Resource r for minimum-energy costs.  The minimum cost is the Resource Category Minimum-Energy Generic Cap (RCGMEC) unless ERCOT has approved verifiable unit-specific minimum energy costs for that Resource, in which case the minimum energy cap is the verifiable unit-specific minimum energy cost.  See Section 5.6.1 for more information on verifiable costs.  Where for a Combined Cycle Train, the Resource r is a Combined Cycle Generation Resource within the Combined Cycle Train.


	RCGSC
	$/Start
	Resource Category Generic Startup Cost—The Resource Category Generic Startup Cost cap for the category of the Resource, according to Section 4.4.9.2.3, Startup Offer and Minimum-Energy Offer Generic Caps, for the Operating Day.

	PCRUR r, q, DAM, h
	MW
	Procured Capacity for Reg-Up from Resource per Resource per QSE per hour in DAM—The Regulation Up (Reg-Up) capacity quantity awarded to QSE q in the DAM for Resource r for the hour h.  Where for a Combined Cycle Train, the Resource r is a Combined Cycle Generation Resource within the Combined Cycle Train.

	MCPCRU DAM, h
	$/MW per hour
	Market Clearing Price for Capacity for Reg-Up per hour in DAM—The DAM MCPC for Reg-Up for the hour h.

	PCRDR r, q, DAM, h
	MW
	Procured Capacity for Reg-Down from Resource per Resource per QSE per hour in DAM—The Regulation Down (Reg-Down) capacity quantity awarded to QSE q in the DAM for Resource r for the hour h.  Where for a Combined Cycle Train, the Resource r is a Combined Cycle Generation Resource within the Combined Cycle Train.

	MCPCRD DAM, h
	$/MW per hour
	Market Clearing Price for Capacity for Reg-Down per hour in DAM—The DAM MCPC for Reg-Down for the hour h.

	PCRRR r, q, DAM, h
	MW
	Procured Capacity for Responsive Reserve from Resource per Resource per QSE per hour in DAM—The Responsive Reserve (RRS) capacity quantity awarded to QSE q in the DAM for Resource r for the hour h.  Where for a Combined Cycle Train, the Resource r is a Combined Cycle Generation Resource within the Combined Cycle Train.

	MCPCRR DAM, h
	$/MW per hour
	Market Clearing Price for Capacity for Responsive Reserve per hour in DAM—The DAM MCPC for RRS for the hour h.

	PCNSR r, q, DAM, h
	MW
	Procured Capacity for Non-Spin from Resource per Resource per QSE per hour in DAM—The Non-Spinning Reserve (Non-Spin) capacity quantity awarded to QSE q in the DAM for Resource r for the hour h.  Where for a Combined Cycle Train, the Resource r is a Combined Cycle Generation Resource within the Combined Cycle Train.

	MCPCNS DAM, h
	$/MW per hour
	Market Clearing Price for Capacity for Non-Spin per hour in DAM—The DAM MCPC for Non-Spin for the hour h.

	DASUO q, p, r
	$/start
	Day-Ahead Startup Offer per QSE per Settlement Point per Resource—The Startup Offer included in the Three-Part Supply Offer submitted in the DAM associated with Resource r at Resource Node p represented by QSE q, for the first hour of the DAM-commitment period.  Where for a Combined Cycle Train, the Resource r is a Combined Cycle Generation Resource within the Combined Cycle Train.

	AGRRATIO q, p, r
	none
	Aggregate Generation Resource Ratio per QSE per Settlement Point per Aggregate Generation Resource—A value which represents the ratio of the maximum number of generators online in an hour, as indicated by telemetry, compared to the total number of generators registered to the AGR and used in the approved verifiable cost for the AGR.  The value is only applicable if the Resource is an AGR.

	AGRMAXON q, p, r
	none
	Aggregate Generation Resource Maximum Online per QSE per Settlement Point per Aggregate Generation Resource—The maximum number of generators online during an hour, as indicated by telemetry. The value is only applicable if the Resource is an AGR.

	AGRTOT q, p, r
	none
	Aggregate Generation Resource Total per QSE per Settlement Point per Aggregate Generation Resource—The total number of generators registered to the AGR and used in the approved verifiable cost for the AGR.  The value is only applicable if the Resource is an AGR.

	DAMEO q, p, r, h
	$/MWh
	Day-Ahead Minimum-Energy Offer per QSE per Settlement Point per Resource per hour—The Minimum-Energy Offer included in the Three-Part Supply Offer submitted in the DAM associated with Resource r at Resource Node p represented by QSE q, for the hour h.  Where for a Combined Cycle Train, the Resource r is a Combined Cycle Generation Resource within the Combined Cycle Train.

	DALSL q, p, r, h
	MW
	Day-Ahead Low Sustained Limit per QSE per Settlement Point per Resource per hour(The Low Sustained Limit (LSL) of Resource r at Resource Node p represented by QSE q, for the hour h as seen in the 1000 Day-Ahead snapshot.  Where for a Combined Cycle Train, the Resource r is a Combined Cycle Generation Resource within the Combined Cycle Train.

	DAAIEC q, p, r h
	$/MWh
	Day-Ahead Average Incremental Energy Cost per QSE per Settlement Point per Resource per hour(The average incremental energy cost, calculated according to the Energy Offer Curve capped by the generic energy price, for the output levels between the DAESR and the LSL of Resource r at Resource Node p represented by QSE q, for the hour h.  Where for a Combined Cycle Train, the Resource r is a Combined Cycle Generation Resource within the Combined Cycle Train.

	q
	none
	A QSE.

	p
	none
	A Resource Node Settlement Point.

	r
	none
	A DAM-committed Generation Resource.

	h
	none
	An hour in the DAM-commitment period.

	c
	none
	A contiguous block of DAM-committed hours.

	afterCCGR
	none
	The Combined Cycle Generation Resource to which a Combined Cycle Train transitions.

	beforeCCGR
	none
	The Combined Cycle Generation Resource from which a Combined Cycle Train transitions.


(9)
The calculation of the Day-Ahead Average Incremental Energy Cost for each Resource for each hour is illustrated with the picture below, where Pcap is the Energy Offer Curve Cap.  The method to calculate such cost is described in Section 4.6.5, Calculation of “Average Incremental Energy Cost” (AIEC).

 SHAPE  \* MERGEFORMAT 



(10)
The total of the Day-Ahead Make-Whole Payments to each QSE for non-RMR Generation Resources for a given hour is calculated as follows:

DAMWAMTQSETOT q
=

[image: image26.wmf]p

S



 EMBED Equation.3 [image: image27.wmf]r

S

DAMWAMT q, p, r
The above variables are defined as follows:

	Variable
	Unit
	Definition

	DAMWAMTQSETOT q
	$
	Day-Ahead Make-Whole Payment QSE Total per QSE(The total of the Day-Ahead Make-Whole Payments to QSE q for the DAM-committed non-RMR Generation Resources represented by this QSE for the hour.

	DAMWAMT q, p, r
	$
	Day-Ahead Make-Whole Payment per QSE per Settlement Point per Resource(The payment to QSE q to make-whole the Startup Cost and energy cost of Resource r committed in the DAM at Resource Node p for the hour.  When a Combined Cycle Generation Resource is committed in the DAM, payment is made to the Combined Cycle Train for the DAM-committed Combined Cycle Generation Resource.

	q
	none
	A QSE.

	p
	none
	A Settlement Point.

	r
	none
	A DAM-committed non-RMR Generation Resource.




(11)
The total of the Day-Ahead Make-Whole RMR Revenue for each QSE for RMR Units for a given hour is calculated as follows:

DAMWRMRREVQSETOT q
=

[image: image28.wmf]p

S



 EMBED Equation.3 [image: image29.wmf]r

S

DAMWRMRREV q, p, r
The above variables are defined as follows:

	Variable
	Unit
	Definition

	DAMWRMRREVQSETOT q
	$
	Day-Ahead Make-Whole RMR Revenue QSE Total per QSE(The total of the Day-Ahead Make-Whole Revenue calculated for QSE q for DAM-committed RMR Units represented by this QSE for the hour.

	DAMWRMRREV q, p, r,
	$
	Day-Ahead Make-Whole RMR Revenue per QSE per Settlement Point per RMR Resource per hour—The revenue calculated but not paid to QSE q to make-whole the Startup Cost and energy cost of the RMR Resource r committed in the DAM at Resource Node p for the hour.  When a Combined Cycle Generation Resource that is an RMR Resource is committed in the DAM, revenue is calculated for the Combined Cycle

	q
	none
	A QSE.

	p
	none
	A Settlement Point.

	r
	none
	A DAM-committed RMR Unit.


5.7.1.1
RUC Guarantee

(1)
The allowable Startup Costs and minimum-energy costs of a Resource committed by RUC is the RUC Guarantee.  The RUC Guarantee minimum-energy costs are prorated according to the actual generation when the Resource’s average output during a 15-minute Settlement Interval is below the corresponding LSL.

(2)
The SUPR, MEPR and LSL used to calculate the RUC Guarantee for a Combined Cycle Train are the SUPR, MEPR and LSL that correspond to the Combined Cycle Generation Resource, within the Combined Cycle Train, that is RUC-committed for the hour.

(3)
For an Aggregate Generation Resource (AGR), the Startup Cost shall be scaled according to the maximum number of its generators online during a contiguous block of RUC-committed intervals, as indicated by telemetry, compared to the total number of generators registered to the AGR and used in the approved verifiable cost for the AGR.
(4)
The RUC Guarantee is calculated for non-Combined Cycle Trains as follows: 
RUCGq,r,d
=
 
[image: image30.wmf]s

S

(SUPRq,r,s * RUCSUFLAGq,r,s) + 
[image: image31.wmf]i

S

(MEPRq,r,i * Min ((LSLq,r,i * (¼)), RTMGq,r,i))

(5)
The RUC Guarantee is calculated for Combined Cycle Trains as follows:

RUCGq,r,d
=


[image: image32.wmf]s

S


(SUPRq,r,s * RUCSUFLAGq,r,s) + 



[image: image33.wmf]t

S

(MAX (0, SUPR - SUPR)) + 



[image: image34.wmf]i

S

(MEPRq r,i * Min ((LSLq,r,i * (¼)), RTMGq,r i))

(a)
If a Combined Cycle Train transitions to a RUC-committed configuration from a QSE-committed or other RUC-committed configuration, the transition is calculated as follows:

MAX (0, SUPRafterCCGR – SUPRbeforeCCGR)
(b)
If a Combined Cycle Train transitions to a QSE-committed configuration from a RUC-committed configuration, the transition is calculated as follows:

MAX (0, SUPRbeforeCCGR – SUPRafterCCGR)
(6)
If a validated Three-Part Supply Offer has been submitted for a Resource for the RUC, then the RUC Guarantee for that Resource is based on the Startup Offer and Minimum-Energy Offer in that validated Three-Part Supply Offer.  If a validated Three-Part Supply Offer has not been submitted for a Resource for the RUC and ERCOT has not yet approved verifiable unit-specific costs for the Resource, then the RUC Guarantee for a Resource is based on the Resource Category Startup Generic Cap and the Resource Category Minimum-Energy Generic Cap.  If a validated Three-Part Supply Offer has not been submitted for a Resource for the RUC and ERCOT has approved verifiable unit-specific costs for the Resource, then the RUC Guarantee for a Resource is based on the most recent ERCOT-approved verifiable unit-specific costs for that Resource.

For a Resource which is not an AGR, 
If the QSE submitted a validated Three-Part Supply Offer, 

Then, 

SUPRq,r,s
=
SUOq,r,s



MEPRq,r,i
=
MEOq,r,i

Otherwise, 
SUPRq,r,s 
= 
SUCAPq,r,s



MEPRq,r,i 
= 
MECAPq,r,i
If ERCOT has approved verifiable Startup Costs and minimum-energy costs for the Resource,

Then, 

SUCAP q, r, s
=
verifiable Startup Costs q, r, s



MECAPq,r,i
=
verifiable minimum-energy costs q, r, i

Otherwise, 
SUCAP q, r, s 
= 
RCGSC s



MECAP q, r, i
= 
RCGMEC i

For AGRs,
If the QSE submitted a validated Three-Part Supply Offer, 
Then, 

SUPR q,r,s
=
Min(SUO q,r,s, SUCAP q,r,s)




MEPR q,r,i
=
MEO q,r,i

Otherwise, 
SUPR q,r,s 
= 
SUCAP q,r,s



MEPR q,r,i 
= 
MECAP q,r,i
If ERCOT has approved verifiable Startup Costs and minimum-energy costs for the Resource,

Then, 

SUCAP q, r, s
=
Max c (AGRRATIO q, p, r ) * verifiable Startup Costs q, r, s



MECAP q,r,i
=
verifiable minimum-energy costs q, r, i


Where, 

AGRRATIO q,p,r
 =
AGRMAXON q, p, r / AGRTOT q, p, r

Otherwise, 
SUCAP q, r, s 
= 
Max c (AGRRATIO q, p, r) * RCGSC s



MECAP q, r, i
= 
RCGMEC i

The above variables are defined as follows:
	Variable
	Unit
	Definition

	RUCGq,r,d
	$
	RUC Guarantee—The sum of eligible Startup Costs and minimum-energy costs for Resource r during all RUC-Committed Hours, for the Operating Day.  When one or more Combined Cycle Generation Resources are committed by RUC, guaranteed costs are calculated for the Combined Cycle Train for all RUC-committed Combined Cycle Generation Resources.

	SUPRq,r,s
	$/Start
	Startup Price per start—The Settlement price for Resource r for the start s.  Where for a Combined Cycle Train, the Resource r is a Combined Cycle Generation Resource within the Combined Cycle Train.

	SUOq,r,s
	$/Start
	Startup Offer per start—Represents an offer for all costs incurred by Generation Resource r in starting up and reaching the Resource’s LSL, minus the average energy produced during the time period between breaker close and LSL multiplied by the heat rate proxy multiplied by the appropriate Fuel Index Price (FIP) or Fuel Oil Price (FOP), as described in the Verifiable Cost Manual.  Where for a Combined Cycle Train, the Resource r is a Combined Cycle Generation Resource within the Combined Cycle Train.

	SUCAPq,r,s
	$/Start
	Startup Cap—The amount used for Resource r as Startup Costs if the QSE did not submit a validated Three-Part Supply Offer.  The cap is the RCGSC unless ERCOT has approved verifiable unit-specific Startup Costs for that Resource, in which case the startup cap is the verifiable unit-specific Startup Cost.  See Section 5.6.1, Verifiable Costs, for more information on verifiable costs.  Where for a Combined Cycle Train, the Resource r is a Combined Cycle Generation Resource within the Combined Cycle Train.

	AGRRATIO q, p, r
	none
	Aggregate Generation Resource Ratio per QSE per Settlement Point per Aggregate Generation Resource—A value which represents the ratio of the maximum number of generators online during an hour, as indicated by telemetry, compared to the total number of generators registered to the AGR and used in the approved verifiable cost for the AGR.  The value is only applicable if the Resource is an AGR.

	AGRMAXON q, p, r
	none
	Aggregate Generation Resource Maximum Online per QSE per Settlement Point per Aggregate Generation Resource—The maximum number of generators online during an hour, as indicated by telemetry.  The value is only applicable if the Resource is an AGR.

	AGRTOT q, p, r
	none
	Aggregate Generation Resource Total per QSE per Settlement Point per Aggregate Generation Resource—The total number of generators registered to the AGR and used in the approved verifiable cost for the AGR.  The value is only applicable if the Resource is an AGR.

	RCGSCs
	$/Start
	Resource Category Generic Startup Cost—The Resource Category Generic Startup Cost cap for the category of the Resource, according to Section 4.4.9.2.3, Startup Offer and Minimum-Energy Offer Generic Caps, for the Operating Day.

	RUCSUFLAGq,r,s
	none
	RUC Startup Flag—The flag that indicates whether or not the start s for Resource r is eligible for RUC Make-Whole Payment.  Its value is one if eligible; otherwise, zero.  See Section 5.6.2, RUC Startup Cost Eligibility, and Section 5.6.3, Forced Outage of RUC-Committed Resource, for more information on startup eligibility.  For a Combined Cycle Train, the Resource r must be one of the registered Combined Cycle Generation Resources within the Combined Cycle Train.  When one or more Combined Cycle Generation Resources are committed by RUC, the RUC Startup Flag is calculated for the Combined Cycle Train for all RUC-committed Combined Cycle Generation Resources.

	MEPRq,r,i
	$/MWh
	Minimum-Energy Price—The Settlement price for Resource r for minimum energy for the Settlement Interval i.  Where for a Combined Cycle Train, the Resource r is a Combined Cycle Generation Resource within the Combined Cycle Train.

	MEOq,r,i
	$/MWh
	Minimum-Energy Offer—Represents an offer for the costs incurred by Resource r in producing energy at the Resource’s LSL for the Settlement Interval i.  Where for a Combined Cycle Train, the Resource r is a Combined Cycle Generation Resource within the Combined Cycle Train.

	MECAPq,r,i
	$/MWh
	Minimum-Energy Cap—The amount used for Resource r for minimum-energy costs if the QSE did not submit a validated Three-Part Supply Offer.  The cap is the RCGMEC unless ERCOT has approved verifiable unit-specific minimum energy costs for that Resource, in which case the Minimum-Energy Cap is the verifiable unit-specific minimum energy cost.  See Section 5.6.1 for more information on verifiable costs.  Where for a Combined Cycle Train, the Resource r is a Combined Cycle Generation Resource within the Combined Cycle Train.

	RCGMECi
	$/MWh
	Resource Category Generic Minimum-Energy Cost—The Resource Category Generic Minimum Energy Cost cap for the category of the Resource, according to Section 4.4.9.2.3, for the Operating Day.

	RTMGq,r,i
	MWh
	Real-Time Metered Generation—The Resource r’s metered generation for the Settlement Interval i.  Where for a Combined Cycle Train, the Resource r is the Combined Cycle Train.

	LSLq,r,i
	MW
	Low Sustained Limit—The LSL of Generation Resource r represented by QSE q for the hour that includes the Settlement Interval i, as submitted in the Current Operating Plan (COP).  Where for a Combined Cycle Train, the Resource r is a Combined Cycle Generation Resource within the Combined Cycle Train.  

	q
	none
	A QSE.

	r
	none
	A RUC-committed Generation Resource.

	d
	none
	An Operating Day containing the RUC-commitment.

	i
	none
	A 15-minute Settlement Interval within the hour that includes a RUC-commitment.

	s
	none
	A start that is eligible to have its costs included in the RUC Guarantee.

	t
	none
	A transition that is eligible to have its costs included in the RUC Guarantee.

	c
	none
	A contiguous block of RUC–Committed Hours.

	afterCCGR
	none
	The Combined Cycle Generation Resource to which a Combined Cycle Train transitions.

	beforeCCGR
	none
	The Combined Cycle Generation Resource from which a Combined Cycle Train transitions.


	[NPRR617 and NPRR664:  Replace applicable portions of paragraph (6) above with the following upon system implementation:]
(6)
If a validated Three-Part Supply Offer has been submitted for a Resource for the RUC, then the RUC Guarantee for that Resource is based on the minimum of the Startup Offer in that validated Three-Part Supply Offer and Startup Cap and the lesser of the Minimum-Energy Offer in that validated Three-Part Supply Offer and the Minimum-Energy Offer Cap.  If a validated Three-Part Supply Offer has not been submitted for a Resource for the RUC and ERCOT has not yet approved verifiable unit-specific costs for the Resource, then the RUC Guarantee for a Resource is based on the Resource Category Startup Generic Cap and the Resource Category Minimum-Energy Generic Cap.  If a validated Three-Part Supply Offer has not been submitted for a Resource for the RUC and ERCOT has approved verifiable unit-specific costs for the Resource, then the RUC Guarantee for a Resource is based on the most recent ERCOT-approved verifiable unit-specific costs for that Resource.

For a Resource which is not an AGR, 

If the QSE submitted a validated Three-Part Supply Offer, 

Then, 

SUPRq,r,s
=
Min (SUOq,r,s, SUCAP q,r,s)



MEPRq,r,i
=
Min (MEOq,r,i, MECAP q,r,i)

Otherwise, 
SUPRq,r,s 
= 
SUCAPq,r,s



MEPRq,r,i 
= 
MECAPq,r,i
If ERCOT has approved verifiable Startup Costs and minimum-energy costs for the Resource,

Then, 

SUCAP q, r, s
=
verifiable Startup Costs q, r, s



MECAPq,r,i
=
verifiable minimum-energy costs q, r, i

Otherwise, 
SUCAP q, r, s 
= 
RCGSC s



MECAP q, r, i
= 
RCGMEC i

For AGRs,

If the QSE submitted a validated Three-Part Supply Offer, 
Then, 

SUPR q,r,s
=
Min(SUO q,r,s, SUCAP q,r,s)




MEPR q,r,i
=
Min(MEO q,r,i, MECAP q,r,i)

Otherwise, 
SUPR q,r,s 
= 
SUCAP q,r,s



MEPR q,r,i 
= 
MECAP q,r,i
If ERCOT has approved verifiable Startup Costs and minimum-energy costs for the Resource,

Then, 

SUCAP q, r, s
=
Max c (AGRRATIO q, p, r ) * verifiable Startup Costs q, r, s



MECAP q,r,i
=
verifiable minimum-energy costs q, r, i


Where, 

AGRRATIO q,p,r
 =
AGRMAXON q, p, r / AGRTOT q, p, r

Otherwise, 
SUCAP q, r, s 
= 
Max c (AGRRATIO q, p, r) * RCGSC s



MECAP q, r, i
= 
RCGMEC i

The above variables are defined as follows:
Variable

Unit

Definition

RUCGq,r,d
$

RUC Guarantee—The sum of eligible Startup Costs and minimum-energy costs for Resource r during all RUC-Committed Hours, for the Operating Day.  When one or more Combined Cycle Generation Resources are committed by RUC, guaranteed costs are calculated for the Combined Cycle Train for all RUC-committed Combined Cycle Generation Resources.

SUPRq,r,s
$/Start

Startup Price per start—The Settlement price for Resource r for the start s.  Where for a Combined Cycle Train, the Resource r is a Combined Cycle Generation Resource within the Combined Cycle Train.

SUOq,r,s
$/Start

Startup Offer per start—Represents an offer for all costs incurred by Generation Resource r in starting up and reaching the Resource’s LSLWhere for a Combined Cycle Train, the Resource r is a Combined Cycle Generation Resource within the Combined Cycle Train.

SUCAPq,r,s
$/Start

Startup Cap—The amount used for AGR r or Resource r as Startup Costs.  The cap is the Resource Category Startup Offer Generic Cap (RCGSC) unless ERCOT has approved verifiable unit-specific Startup Costs for that Resource, in which case the startup cap is the scaled verifiable unit-specific Startup Cost for the AGR or the verifiable unit-specific Startup Cost for non-AGRs, minus the average energy produced during the time period between breaker close and LSL multiplied by the heat rate proxy “H” multiplied by the appropriate Fuel Index Price for Resource (FIPRr) or Fuel Oil Price (FOP), for AGR and non-AGR Resources.  Where for a Combined Cycle Train, the Resource r is a Combined Cycle Generation Resource within the Combined Cycle Train.
AGRRATIO q, p, r
none

Aggregate Generation Resource Ratio per QSE per Settlement Point per Aggregate Generation Resource—A value which represents the ratio of the maximum number of generators online during an hour, as indicated by telemetry, compared to the total number of generators registered to the AGR and used in the approved verifiable cost for the AGR.  The value is only applicable if the Resource is an AGR.
AGRMAXON q, p, r
none

Aggregate Generation Resource Maximum Online per QSE per Settlement Point per Aggregate Generation Resource—The maximum number of generators online during an hour, as indicated by telemetry.  The value is only applicable if the Resource is an AGR.
AGRTOT q, p, r
none

Aggregate Generation Resource Total per QSE per Settlement Point per Aggregate Generation Resource—The total number of generators registered to the AGR and used in the approved verifiable cost for the AGR.  The value is only applicable if the Resource is an AGR.
RCGSCs
$/Start

Resource Category Generic Startup Cost—The Resource Category Generic Startup Cost cap for the category of the Resource, according to Section 4.4.9.2.3, Startup Offer and Minimum-Energy Offer Generic Caps, for the Operating Day.

RUCSUFLAGq,r,s
none

RUC Startup Flag—The flag that indicates whether or not the start s for Resource r is eligible for RUC Make-Whole Payment.  Its value is one if eligible; otherwise, zero.  See Section 5.6.2, RUC Startup Cost Eligibility, and Section 5.6.3, Forced Outage of RUC-Committed Resource, for more information on startup eligibility.  For a Combined Cycle Train, the Resource r must be one of the registered Combined Cycle Generation Resources within the Combined Cycle Train.  When one or more Combined Cycle Generation Resources are committed by RUC, the RUC Startup Flag is calculated for the Combined Cycle Train for all RUC-committed Combined Cycle Generation Resources.

MEPRq,r,i
$/MWh

Minimum-Energy Price—The Settlement price for Resource r for minimum energy for the Settlement Interval i.  Where for a Combined Cycle Train, the Resource r is a Combined Cycle Generation Resource within the Combined Cycle Train.

MEOq,r,i
$/MWh

Minimum-Energy Offer—Represents an offer for the costs incurred by Resource r in producing energy at the Resource’s LSL for the Settlement Interval i.  Where for a Combined Cycle Train, the Resource r is a Combined Cycle Generation Resource within the Combined Cycle Train.

MECAPq,r,i
$/MWh

Minimum-Energy Cap—The amount used for Resource r for minimum-energy costs.  The minimum cost is the Resource Category Minimum-Energy Generic Cap (RCGMEC) unless ERCOT has approved verifiable unit-specific minimum energy costs for that Resource, in which case the Minimum-Energy Cap is the verifiable unit-specific minimum energy cost.  See Section 5.6.1 for more information on verifiable costs.  Where for a Combined Cycle Train, the Resource r is a Combined Cycle Generation Resource within the Combined Cycle Train.
RCGMECi
$/MWh

Resource Category Generic Minimum-Energy Cost—The Resource Category Generic Minimum Energy Cost cap for the category of the Resource, according to Section 4.4.9.2.3, for the Operating Day.

RTMGq,r,i
MWh

Real-Time Metered Generation—The Resource r’s metered generation for the Settlement Interval i.  Where for a Combined Cycle Train, the Resource r is the Combined Cycle Train.

LSLq,r,i
MW

Low Sustained Limit—The LSL of Generation Resource r represented by QSE q for the hour that includes the Settlement Interval i, as submitted in the Current Operating Plan (COP).  Where for a Combined Cycle Train, the Resource r is a Combined Cycle Generation Resource within the Combined Cycle Train.  

q

none

A QSE.

r

none

A RUC-committed Generation Resource.

d

none

An Operating Day containing the RUC-commitment.

i

none

A 15-minute Settlement Interval within the hour that includes a RUC-commitment.
s

none

A start that is eligible to have its costs included in the RUC Guarantee.

t

none

A transition that is eligible to have its costs included in the RUC Guarantee.

c

none

A contiguous block of RUC–Committed Hours.

afterCCGR

none

The Combined Cycle Generation Resource to which a Combined Cycle Train transitions.

beforeCCGR

none

The Combined Cycle Generation Resource from which a Combined Cycle Train transitions.
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The area under the capped Energy Offer Curve equals (DAAIEC * (DAESR – LSL))
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