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This note describes the modeling of Ancillary Services (AS) in the Day Ahead Market (DAM). The intention of this note is to clarify the following two characteristics of AS offers:
· The linking of several of these services

· The ability of one or more of these services to be exclusive both between each other and with energy.  
Linked Ancillary Services

The Ancillary Services scheduled in DAM are:

· Regulation Down

· Regulation Up

· Responsive Reserve

· Non-Spinning Reserve

where the non-spin reserve may be from either online or offline resources.

These AS Offers will be submitted in three groups:

· Regulation Down

· online reserves (Regulation Up, Responsive Reserve and online Non-Spin)
· Non-Spin offline reserves

where the online reserves includes Regulation Up, RRS and online Non-Spin reserve. Online reserves can only come from online resources while Non-Spin offline reserves can only come from offline resources. 
AS Offers are split up into three groups to model 
· both the inherent inclusivity and exclusivity within and between the groups, and
· the different Resource constraints that apply to each group.
The AS types in the On-line Reserves group (Reg-Up, RRS, Online Non-Spin) are all subject to the same Resource constraints (e.g., the total award must be less than or equal HSL minus LSL and the Resource must be On-line).  Offline Non-Spin is a separate group because it can be scheduled only if the resource is offline and has the requirement that the award must be less than HSL.  Also, Non-Spin is naturally exclusive to the other groups since a Resource cannot be simultaneously On-line and Off-line.
The Offer data would consist of the following:

Regulation Down (Reg-Down): 
· start time

· stop time

· offer curves for Regulation Down.

The offer curves are defined by up to five (block flag, $/MWh, MW quantity) triples giving the price for different MW amounts (note that the MW quantity is a capacity and not an MW break point). If energy is being cleared simultaneously with regulation down, then the energy minus Reg-Down dispatched must be greater than the resource's low sustained limit. If regulation down is cleared without energy then the sum of regulation down plus the sum of online reserves must be less than the difference between the resources's sustained high and low limit.  The Reg-Down dispatch for each quantity must be constant for hours between the start and stop times and will be variable or fixed (at the MW quantity) dependent on the block flag. 

Online reserves:  
· start time

· stop time

· combined offer curves for Regulation Up, Responsive Reserve , and online Non-Spin reserves. 
The offer curves are defined by up to five sets of capacity offers where each capacity offer consists of:

· quantity(MW), 

· block flag (fixed, variable)

· Reg-Up price($/MWh), 

· RRS price($/MWh)

· online Non-Spin price ($/MWh)
If the price is not supplied for a given reserve type, then that reserve will not be available for that capacity offer. The following constraints apply:

· The reserves dispatched from a capacity offer must be less than the quantity of the offer. 

· If energy is being cleared simultaneously with online reserves, then the total energy and ancillary services dispatched must be less than or equal the resource's high sustained limit. 
· If only ancillary services are dispatched, then the total ancillary services (including any Reg-Down) must be less than or equal to the difference between the resource's sustained high and low limits.

· The sum of Responsive Reserve must be less than or equal to the max amount of responsive reserve available from the resource. 

· The dispatches from each reserve type for each capacity offer must be constant for hours between the start and stop times and will be variable or fixed (to the capacity offer quantity) dependent on the block flag. 
Non-spin offline reserves:
· start time

· stop time

· offer curves for Non-Spin offline reserves.

The offer curves are defined by up to five (block flag (fixed, variable), $/MWh, MW quantity) triples giving the price for different MW amounts. The non-spin offline reserve dispatch must be constant for hours between the start and stop times and will be variable or fixed (at the MW quantity) dependent on the block flag.
Exclusive Offers of Energy and AS

The protocol requires that energy offers and offers for on-line AS types can be specified to be exclusive of each other. This implies that, for these exclusive online resources, either AS or energy can be dispatched at a given time but not both. 

If three part energy offer and Reg-Down and/or online ancillary service offers are submitted at the same hour and if the energy and ancillary services offers are designated to be exclusive, then

· either energy only is dispatched , or

· ancillary services are dispatched and energy is dispatched at the resource's low limit.

Note that the exclusive/inclusive designation will be part of the three-part energy offer. Note that startup cost will be applied at startup and Minimum-Energy costs will be applied even if the offer is exclusive and Reg-Down and/or online ancillary services are being dispatched. 

If only ancillary services offers are submitted for some time points, then the dispatch of Reg-Down and/or online reserves will require that the resource be considered online with an energy dispatch of 0 MW. If offline non-spin is dispatched then the resource will be considered offline. The commitment schedule must obey the minimum run time and minimum down time constraints.  

Example Offers
This section describes an example set of offers from a generator excluding startup costs. 

Unit Limits: LSL = 10 and HSL = 120. 

Energy (Minimum Energy and Energy Offer Curve): 
	Start

Hour
	End

Hour
	Excl

/Incl

(E/I)
	Min

Energy

 ($)
	Q1

(MW)
	P1

($/MWh)
	Q2

(MW)
	P2

($/MWh)
	Q3

(MW)
	P3

($/MWh)
	...

	1
	10
	I
	1000
	10
	12
	40
	15
	100
	60
	

	15
	20
	E
	15000
	8
	13
	70
	50
	 
	 
	

	21
	24
	E
	15000
	8
	20
	40
	30
	100
	70
	


Comments:
1. No energy offer for hours 11 to 14.

2. I = Inclusive while E = Exclusive to AS. 

3. Min Energy is cost at Q1 

4. Qn are break points of curve and Pn are slopes from Qn to Qn+1

Online AS Offers 

	Start

Hour
	End

Hour
	Multi-

Hour
	Block
	Block

Type

(F/V)
	Capacity

(MW)
	Reg-Up
($/MWh)
	RRS
($/MWh)
	Online

Non-Spin

($/MWh)

	1
	5
	Yes
	1
	V
	80
	10
	8
	4

	
	
	 
	2
	V
	60
	8
	
	

	
	
	
	3
	F
	50
	 
	12
	

	6
	15
	No
	1
	 V
	40
	 
	 
	4

	
	
	
	2
	 V
	60
	7
	
	

	18
	24
	No
	1
	V
	80
	10
	8
	4

	
	
	
	2
	V
	60
	8
	
	

	
	
	
	3
	F
	50
	 
	12
	

	
	
	
	4
	V
	45
	
	7
	12

	
	
	
	5
	V
	35
	6 
	9
	


Comments:
1. No offers for hours 16 to 17.
2. Multi-hour flag set to Yes implies that there is no requirement that the offers need to be cleared at the same value over the start and end hours. If the Multi-hour flag is No, then the sum of the reserves for all hours between the start and end hours must be cleared at the same value. 
3. If multi-hour flag is set to No, then Block Types are Fixed(F) (all hours between start and end hours must be cleared at either 0 MW or at the capacity) or Variable(V) (all hours between start and end hours cleared to same value between 0 and the capacity).  If multi-hour flag is set to Yes, then Fixed Blocks still need to be cleared at 0 MW or at the Capacity, however, there is no requirement that the cleared reserves must be constant across hours. 
4. Sum of Reg-Up, RRS and Online Non-Spin cleared from each block for each hour must be less than or equal to the capacity offered. 

5. If no value for offer price is given for a given AS, then zero MW will be cleared for that AS. 
Regulation Down Offers:

	Start

Hour
	End

Hour
	Multi-

Hour
	Block

Type

(F/V)
	Q1

(MW)
	P1

($/MWh)
	Block

Type

(F/V)
	Q2

(MW)
	P2

($/MWh)
	Block

Type

(F/V)
	Q3

(MW)
	P3

($/MWh)
	...

	1
	7
	No
	V
	4
	12
	F
	3
	13
	V
	5
	20
	

	15
	23
	Yes
	 V
	8
	13
	V
	10
	17
	 
	
	
	

	24
	24
	No
	F
	8
	20
	
	
	
	
	
	
	


Comments:

1. The first offer row shows three offers for hours between 1 and 7. If Xnh is the amount cleared at hour h from the nth offer, then X1h needs to be between 0 and 4, X2h needs to be either 0 or 3 MW and X3h needs to be between 0 and 5 MW for all h between 1 and 7. 
Comments on clearing of energy and AS Offers:

1. For hours 1 to 10, the energy and AS offers are inclusive, therefore if the unit is committed then the sum of cleared energy and the various online reserves must be less than or equal to HSL. Also, the cleared energy must be greater than or equal to the Reg-Down plus the LSL. 
2. For hours 15 to 20 energy and AS offers are exclusive, therefore either:

a. energy is cleared at LSL and AS is cleared at hour 15
b. energy is cleared at LSL and AS is cleared for hours 18 through 20 so that the sum of Reg-Down and the online reserves is less than or equal HSL - LSL, or

c. energy is cleared for one or more hours from 15 to 20 between LSL and HSL and the AS are cleared at 0 MW, or

d. unit is off at one or more hours between 15 and 20.
Note that if AS is cleared at 0 MW for hour 15 then online AS must be cleared at 0 MW for the hours 6 through 15 since hours 6 through 15 are blocked and there are no AS for hours 16 and 17. Similarly if AS is cleared at 0 MW for hour 18 and 19 then online AS must be cleared at 0 MW for the hours 18 through 24 since hours 18 through 24 are blocked. Since the Multi-hour flag for Reg-Down is Yes for hours 15 to 23, the schedule of Reg-Down can be different for each hour in this range. 

3. For hour 11 to 14 only AS can be awarded, that is, energy is scheduled at 0 MW. The sum of awarded Reg-Down and all the Online reserves must be less than or equal HSL - LSL. 
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