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Section 1. Day-ahead Energy Settlements

In this section, settlements are presented for the offers and bids cleared in the E-HDAM, energy scheduled through inter-QSE trades (to be settled in E-HDAM), and make-whole for unit-commitment in E-HDAM.

Section 1.1 Inputs for Settlements

	ID
	Input
	Unit
	Party
	Settlement Point
	Resource
	Frequency
	Description
	Source

	1
	DALMP
	$/MWh
	--
	Resource node, load zone, or hub.
	--
	Hourly
	DA Locational Marginal Price.
	E-HDAM (for each load zone, calculated by using LMP and distribution factors; for each hub, calculated by using LMP and the number of buses with the hub)

	2
	DA Energy Sold
	MW
	QSE
	Delivery location as specified in offers.
	Name of the unit if committed in E_HDAM; otherwise, null.
	Hourly
	Energy sold in DA market at the specified settlement point.
	E-HDAM

	3
	DA Energy Purchased
	MW
	QSE
	Delivery location as specified in bids.
	--
	Hourly
	Energy purchased in DA market at the specified settlement point.
	E-HDAM

	4
	DA Inter-QSE Energy Resource
	MW
	QSE
	Delivery location as specified.
	--
	Hourly
	Energy purchased from the counter QSE at the specified settlement point.
	E-HDAM

	5
	DA Inter-QSE Energy Obligation
	MW
	QSE
	Delivery location as specified.
	--
	Hourly
	Energy sold to the counter QSE at the specified settlement point.
	E-HDAM


Section 1.1 Inputs for Settlements (Continued)

	ID
	Input
	Unit
	Party
	Settlement Point
	Resource
	Frequency
	Description
	Source

	6
	DA Unit Commitment Flag
	--
	QSE
	Resource node where the unit physically exists.
	Name of the resource with 3-part offers.
	Hourly
	Flag to indicate whether the unit is committed for the hour in the E-HDAM (“Y” or null).
	E-HDAM

	7
	LSL
	MW
	QSE
	Resource node where the unit physically exists.
	Name of the resource with 3-part offers.
	Hourly
	Low Sustained Limit.
	Submitted by the QSE representing the resource to E-HDAM

	8
	Startup Price
	$/Startup
	QSE
	Resource node where the unit physically exists.
	Name of the resource with 3-part offers.
	Hourly
	Startup price as shown in the 3-part offers.
	Submitted by the QSE representing the resource to E-HDAM

	9
	Minimum Energy Price
	$/MWh
	QSE
	Resource node where the unit physically exists.
	Name of the resource with 3-part offers.
	Hourly
	Minimum energy price as shown in the 3-part offers.
	Submitted by the QSE representing the resource to E-HDAM

	10
	Energy Offer Curve
	($/MWh, MW)
	QSE
	Resource node where the unit physically exists.
	Name of the resource with 3-part offers.
	Hourly
	Linear curve that represents energy offer prices as a function of the output level.
	Submitted by the QSE representing the resource to E-HDAM


Section 1.2 Hourly Settlement Formulas

	ID
	Payment/Charge
	Unit
	Formula

	1
	DA Energy Sold
	$
	(-1) ( DALMP _Settlement Point ( DA Energy Sold _QSE _Settlement Point [_Resource Name]

	2
	DA Energy Purchased
	$
	DALMP _Settlement Point ( DA Energy Purchased _QSE _Settlement Point

	3
	DA Inter-QSE Energy Resource
	$
	(-1) ( DALMP _Settlement Point ( DA Inter-QSE Energy Resource _QSE _Settlement Point

	4
	DA Inter-QSE Energy Obligation
	$
	DALMP _Settlement Point ( DA Inter-QSE Energy Obligation _QSE _Settlement Point

	5
	DA Make-whole
	$
	If DA Unit Commitment Flag  _QSE _Settlement Point _Resource Name = “Y” 


(-1) ( (Startup Price _QSE _Settlement Point _Resource Name / Number of Commitment Hours + 
Minimum Energy Price _QSE _Settlement Point _Resource Name ( 




LSL _QSE _Settlement Point _Resource Name +
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Where



Number of Commitment Hours is determined based on DA Unit Commitment Flag _QSE 


_Settlement Point _Resource Name



Pr (q) is the function that represents the Energy Offer Curve, the energy offer price ($/MWh) vs. the 

MW quantity

Otherwise


None

	6
	DA Make-whole Allocation
	$
	(( All QSE (( All settlement points (( All resources DA Make-whole Payment _QSE _Settlement Point _Resource Name) ( (( All settlement points DA Energy Purchased _QSE _Settlement Point) / ((( All QSE ( All settlement points DA Energy Purchased _QSE _Settlement Point)


Section 2. Real-time Energy Settlements

In this section, settlements are presented for (1) energy carried forward from the E-HDAM, (2) energy scheduled through inter-QSE energy trades (to be settled with real-time LMP), (3) energy produced / consumed in real-time, and make-whole for unit commitment in E-HDAM.

Section 2.1 Inputs for Settlements

	ID
	Input
	Unit
	Party
	Settlement Point
	Resource
	Frequency
	Description
	Source

	1
	LMP
	$/MWh
	--
	All settlement points (resource nodes, load zones, or hubs).
	--
	Every 15 min
	Real-time Locational Marginal Price.
	Calculated from 5-min data from SCED and State Estimator

	2
	Base Point
	MW
	QSE
	Resource node where resource is physically located.
	Name of the resource.
	Every 5 min
	Resource set point.
	SCED

	3
	Metered Resource
	MWh
	QSE
	Resource node where resource is physically located.
	Name of the resource.
	Every 15 min
	QSE’s metered generation (or curtailed load) at the settlement point.
	DataAgg

	4
	(Adjusted) Metered Load
	MWh
	QSE
	Load zone where load is physically located.
	--
	Every 15 min
	QSE’s adjusted meter load at the settlement point.
	DataAgg

	5
	DA Energy Resource
	MW
	QSE
	Delivery location as specified in bids.
	--
	Hourly
	QSE’s energy purchased in DA market at the specified settlement point.
	Day-ahead energy model

	6
	DA Energy Obligation
	MW
	QSE
	Delivery location as specified in offers.
	--
	Hourly
	QSE’s energy sold in DA market at the specified settlement point.
	Day-ahead energy model

	7
	Inter-QSE Energy Resource
	MW
	QSE
	Delivery location as specified in energy schedules.
	--
	Every 15 min
	QSE’s energy purchased through inter-QSE trades at the specified settlement point.
	Energy schedules

(Inter-QSE trades)

	8
	Inter-QSE Energy Obligation
	MW
	QSE
	Delivery location as specified in energy schedules.
	--
	Every 15 min
	QSE’s energy sold through inter-QSE trades at the specified settlement point.
	Energy schedules (Inter-QSE trades)


Section 2.1 Inputs for Settlements (Continued)









	ID
	Input
	Unit
	Party
	Settlement Point
	Resource
	Frequency
	Description
	Source

	9
	RUS Deployment
	MWh
	QSE
	--
	--
	Every 15 min
	15-min integration of regulation up deployment 
	LFC

	10
	RUS Participation Factor
	--
	QSE
	--
	Name of the resource.
	Hourly
	Each unit’s percentage of capacity available for regulation down service.
	DA Ancillary Service Market

	11
	RDS Deployment
	MWh
	QSE
	--
	--
	Every 15 min
	15-min integration of regulation up deployment 
	LFC

	12
	RDS Participation Factor
	--
	QSE
	--
	Name of the resource.
	Hourly
	Each unit’s percentage of capacity available for regulation down service.
	DA Ancillary Service Market

	13
	RRS Deployment
	MWh
	QSE
	--
	--
	Every 15 min
	Responsive reserve deployment. ???
	LFC

	14
	RRS Participation Factor
	--
	QSE
	--
	Name of the resource.
	Hourly
	Each unit’s percentage of capacity available for responsive reserve service.
	DA Ancillary Service Market

	15
	NSRS Deployment
	MWh
	QSE
	--
	Name of resource
	Every 15 min
	Non-Spin reserve deployment. 
	Manual Instruction 

	16
	DA Unit Commitment Flag
	--
	QSE
	Resource node where the unit physically exists.
	Name of the resource with 3-part offers in E-HDAM.
	Hourly
	Flag to indicate whether the unit is committed for the hour in the E-HDAM (“Y” or null).
	E-HDAM

	17
	Startup Price
	$/Startup
	QSE
	Resource node where the unit physically exists.
	Name of the resource with 3-part offers in E-HDAM.
	Hourly
	Startup price as shown in the 3-part offers.
	Submitted by the QSE representing the resource to E-HDAM


Section 2.2 15-min Settlement Formulas

	ID
	Payment/Charge
	Unit
	Formula

	1
	Metered Resource
	$
	(-1) ( LMP _Settlement Point ( Metered Resource _QSE _Settlement Point _Resource Name

	2
	Metered Load
	$
	LMP _Settlement Point ( Metered Load _QSE _Settlement Point

	3
	DA Energy Resource
	$
	(-1) ( LMP _Settlement Point ( (DA Energy Resource _QSE _Settlement Point / 4)

	4
	DA Energy Obligation
	$
	LMP _Settlement Point ( (DA Energy Obligation _QSE _Settlement Point / 4)

	5
	Inter-QSE Energy Resource
	$
	(-1) ( LMP _Settlement Point ( (Inter-QSE Energy Resource _QSE _Settlement Point / 4)

	6
	Inter-QSE Energy Obligation
	$
	LMP _Settlement Point ( (Inter-QSE Energy Obligation _QSE _Settlement Point / 4)

	7
	Penalty to Resource
	$
	Define


A = ( Three 5-min intervals (Base Point _QSE _Settlement Point _Resource Name / 12) + Ancillary Service 
Deployment _QSE _Settlement Point _Resource Name


B = ABS (Metered Resource _QSE _Settlement Point _Resource Name – A)


Where



Ancillary Service Deployment _QSE _Settlement Point _Resource Name = 




RUS Deployment _QSE ( RUS Participation Factor _QSE _Resource Name + 




RDS Deployment _QSE ( RDS Participation Factor _QSE _Resource Name + 




RRS Deployment _QSE ( 
RRS Participation Factor _QSE _Resource Name + 




NSRS Deployment _QSE _Settlement Point _Resource Name

If Dynamic Scheduling Resources

OR

Qualifying Facilities not bidding

OR

Uncontrollable resources


None

Otherwise


Max (0, LMP _Settlement Point) ( Min (1, 2 ( Max (0, (B / A – Max (0.10, 1.25 / A)))) ( 

Metered Resource _QSE _Settlement Point _Resource Name


Section 2.2 15-min Settlement Formulas (Continued)

	ID
	Payment/Charge
	Unit
	Formula

	8
	Make-whole
	$
	If DA Unit Commitment Flag  _QSE _Settlement Point _Resource Name = “Y”


Startup Price _QSE _Settlement Point _Resource Name / (Number of Commitment Hours ( 4) ( 

Flag of Non-performance


Where



Flag of Non-performance is determined by using Metered Resource and DA Unit Commitment Flag 

_QSE _Settlement Point _Resource Name

Otherwise


None

	9
	Penalty Charge Allocation
	$
	(( All QSE ( All settlement points ( All resources Penalty to Resource _QSE _Settlement Point _Resource Name) (
(( All settlement points Metered Load _QSE _Settlement Point) / (( All QSE ( All settlement points Metered Load _QSE _Settlement Point)

	10
	Make-whole Allocation
	$
	(( All QSE ( All settlement points ( All resources Make-whole Payment _QSE _Settlement Point _Resource Name) ( (( All settlement points DA Energy Resource _QSE _Settlement Point) / (( All QSE ( All settlement points DA Energy Resource _QSE _Settlement Point)


Section 3. CRR Settlements

Under the E-HDAM, CRRs are settled with day-ahead LMP and Shadow Prices by default. CRRs may be settled with real-time LMP and Shadow Prices according to the holder’s specification.

Section 3.1 CRRs to be settled with Day-ahead LMP and Shadow Prices

Section 3.1.1 Inputs for Settlements

	ID
	Input
	Unit
	Party
	Element
	Bus
	Settlement Point
	Point of Injection
	Point of Withdrawal
	Frequency
	Description
	Source

	1
	DA LMP
	$/MWh
	--
	--
	--
	Resource node, load zone, or hub.
	--
	--
	Hourly
	DA Locational Marginal Price.
	E-HDAM model (Load-weighted average for each load zone and straight average for each hub)

	2
	DA SP
	$/MWh
	--
	Directional physical network element.
	--
	--
	--
	--
	Hourly
	DA Shadow Price.
	E-HDAM model

	3
	DA PTP Obligation
	MW
	Holder
	--
	--
	--
	Settlement point where power is injected.
	Settlement point where power is withdrawn.
	Hourly
	Point-to-Point Obligation to be settled with DA LMP.
	CRR auction and holder’s specification


Section 3.1.1 Inputs for Settlements (Continued)

	ID
	Input
	Unit
	Party
	Element
	Bus
	Settlement Point
	Point of Injection
	Point of Withdrawal
	Frequency
	Description
	Source

	4
	DA PTP Option
	MW
	Holder
	--
	--
	--
	Settlement point where power is injected.
	Settlement point where power is withdrawn.
	Hourly
	Point-to-Point Option to be settled with DA shadow prices.
	CRR auction and holder’s specification

	5
	DA Flowgate
	MW
	Holder
	Directional network element that (partly) makes up a flowgate.
	--
	--
	--
	--
	Hourly
	Flowgate to be settled with DA shadow prices.
	CRR auction and holder’s specification

	6
	Shift Factor
	--
	--
	Directional physical network element.
	Resource/Load bus where the directional physical network element starts or ends.
	--
	--
	--
	Hourly
	Shift factor represents the ratio of flow on the element to the injection at the bus under the associated topology.
	Same as used in E-HDAM model.

	7
	Distribution Factor
	--
	--
	--
	Resource/Load bus that (partly) makes up the settlement point.
	Resource node, load zone, or hub.
	--
	--
	Hourly
	Distribution factor.

( All buses Distribution Factor _Bus _Settlement Point = 1.0, for each settlement point.
	Same as used in E-HDAM model.


Section 3.1.2 Hourly Settlement Formulas

	ID
	Payment/Charge
	Unit
	Formula

	1
	DA PTP Obligation
	$
	(-1) ( (DA LMP _Point of Withdrawal – DA LMP _Point of Injection) ( DA PTP Obligation _Holder _Point of Injection _Point of Withdrawal

	2
	DA PTP Option
	$
	(-1) ( DA PTP Option Price _Point of Injection _Point of Withdrawal ( DA PTP Option _Holder _Point of Injection _Point of Withdrawal

Where


DA PTP Option Price _Point of Injection _Point of Withdrawal = ( All elements (( All topologies (DA SP _Element 
_Topology ( Max (0, (Distribution Factor _Bus _ Point of Injection _Topology ( Shift Factor _Element _Bus 
_Topology  - Distribution Factor _Bus_ Point of Withdrawal _Topology ( Shift Factor _Element _Bus 
_Topology))))

	3
	DA Flowgate
	$
	(-1) ( (( All topologies DA SP _Element _Topology) ( DA Flowgate _Holder _Element


Section 3.2 CRRs to be settled with Real-time LMP and Shadow Prices

Section 3.2.1 Inputs for Settlements

	ID
	Input
	Unit
	Party
	Element
	Bus
	Settlement Point
	Point of Injection
	Point of Withdrawal
	Frequency
	Description
	Source

	1
	LMP
	$/MWh
	--
	--
	--
	Resource node, load zone, or hub.
	--
	--
	Every 5 minutes
	RT Locational Marginal Price.
	Calculated by using data from SCED and SE

	2
	SP
	$/MWh
	--
	Directional network element.
	--
	--
	--
	--
	Every 5 minutes
	Shadow Price.
	SCED

	3
	PTP Obligation
	MW
	Holder
	--
	--
	--
	Settlement point where power is injected.
	Settlement point where power is withdrawn.
	Hourly
	Point-to-Point Obligation to be settled with RT LMP.
	CRR auction and holder’s specification

	4
	PTP Option
	MW
	Holder
	--
	--
	--
	Settlement point where power is injected.
	Settlement point where power is withdrawn.
	Hourly
	Point-to-Point Option to be settled with RT shadow prices.
	CRR auction and holder’s specification

	5
	Flowgate
	MW
	Holder
	Directional network element that (partly) makes up a flowgate.
	--
	--
	--
	--
	Hourly
	Flowgate to be settled with RT shadow prices.
	CRR auction and holder’s specification


Section 3.2.1 Inputs for Settlements (Continued)

	ID
	Input
	Unit
	Party
	Element
	Bus
	Settlement Point
	Point of Injection
	Point of Withdrawal
	Frequency
	Description
	Source

	6
	Shift Factor
	--
	--
	Settlement point where the directional element starts or ends.
	Resource/Load bus where the directional physical network element starts or ends.
	--
	--
	--
	Every 5 minutes
	Shift factor represents the ratio of flow on the element to the injection at the bus under the associated topology.
	Same as used in SCED model.

	7
	Distribution Factor
	--
	--
	--
	Resource/Load bus that (partly) makes up the settlement point.
	Resource node, load zone, or hub.
	--
	--
	Every 5 minutes
	Distribution factor.

( All buses Distribution Factor _Bus _Settlement Point = 1.0, for each settlement point.
	For each bus within a load zone, calculated by using SE load; for each bus within a hub, calculated by using the number of buses within the hub.


Section 3.2.2 Hourly Settlement Formulas

	ID
	Payment/Charge
	Unit
	Formula

	1
	PTP Obligation
	$
	(-1) ( (( Twelve 5-min intervals (LMP _Point of Withdrawal - LMP _Point of Injection)) / 12 ( PTP Obligation _Point of Injection _Point of Withdrawal _Holder

	2
	PTP Option
	$
	(-1) ( PTP Option Price _Point of Injection _Point of Withdrawal ( PTP Option _Point of Injection _Point of Withdrawal _Holder

Where


PTP Option Price _Point of Injection _Point of Withdrawal = ( Twelve 5-min intervals (( All elements (( All topologies (SP 
_Element _Topology ( Max (0, (Distribution Factor _Bus _Point of Injection _Topology ( Shift Factor _Element 
_Bus _Topology  - Distribution Factor _Bus _Point of Withdrawal _Topology ( Shift Factor _Element _Bus 
_Topology))))) / 12

	3
	Flowgate
	$
	(-1) ( (( Twelve 5-min intervals (( All topologies SP _Element _Topology)) / 12 ( Flowgate _Element _Holder


Section 4. Day-ahead Reliability Unit Commitment Settlements

Same as the settlements with ADAM.

Section 5. Hour-ahead Reliability Unit Commitment Settlements

Same as the settlements with ADAM.

Section 6. Ancillary Service Settlements

Same as the settlements with ADAM.

Section 7. Appendices

1. Energy Settlement Examples with E-HDAM
2. DaRUC (HaRUC) Make-Whole Payment Examples
3. DaRUC (HaRUC) Charge Example
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