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Wind Generator Provision of Ancillary Services
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Ancillary services from wind generators
Summary

Wind generators may be a reasonable choice to provide regulation services when wind generation is high and load levels are low.  An initial review of the Texas Nodal Protocols reveals no prohibition to wind generators providing regulation service.  There are technical, operational, and market issues that need to be further explored to determine if protocol changes are useful to facilitate provision of regulation service from wind generators.
Background
Other than Voltage Support Service (VSS) wind generators are not designated to provide any ancillary services in the Texas Zonal market nor has it been contemplated that they would provide ancillary additional services in the Texas Nodal market.  The purpose of this white paper is to evaluate which ancillary services might be sensible for wind generators to supply in the Texas Nodal market and identify any protocol changes needed to allow wind generators to provide such services.

In the Texas Nodal Market design there are the following four ancillary services in addition to VSS:

1. Regulation Up Service (REG-UP)
2. Regulation Down Service (REG-DOWN)
3. Responsive Reserve Service (RRS)
4. Non-Spin Reserve Service (NSRS)
Considering Non-Spin Reserve Service and Responsive Reserve Service first, these two services basically call for a generator to have capacity available that it is not utilizing and that it is not planning to be utilized for other purposes.  In addition, these services intrinsically require a reasonably firm knowledge that the capacity providing the service will be available when needed. While there might be some technical, probabilistic way to provide these service from wind generators it does not seem useful to explore those possibilities.  Except for curtailments needed to protect the system, it is extremely uneconomical for wind generators to not generate to the full extent the wind would allow.  If the wind generators are curtailed for system security reasons, that unused capacity will not be available for ancillary services purposes for the very same security reasons.  Thus, in the foreseeable future, it is not expected that wind generators would ever hold some capacity offline or at reduced output to enter the RRS  or the NSRS markets.  This paper will not further explore these possibilities.
The Regulation Down Service does not require capacity to be reserved in order to supply the service.  The basic requirements for a generator to provide regulation down service are:
1. The generator must be generating at the time that the service is needed;
2. The generator must be able to reduce its output in response to dispatch instructions every four seconds;
3. The generator must be able to return to the “unreduced” output; that is to say recall the service, in response to instructions every four seconds;
4. ERCOT must be able to determine the providers of this service in time to schedule the needed units on line.

These basic requirements are applicable to any market design and are not the requirements as specified in the Texas Nodal Protocols.  A quick review of the basic requirements will show that wind generators should be able to comply with all of them except possibly the 4th one.  Counting on wind generation to be available at some time in the future is dependent on the reliability of wind forecasts. In addition, REG-DOWN provided from wind generators does suffer from the fact that, when deployed, the wind generator is likely exposed to major loss of revenue.  However, there may be specific market conditions that could make REG-DOWN from wind generators economical.  These same market conditions could also make REG-UP economical.

As the amount of wind generation in Texas increases there may be certain times of the year when large amounts of wind generation will reduce the output from conventional generation.    If conventional generator output is being reduced to near their minimum output capability then it may become expensive for conventional generators to provide responsive reserve services due to reducing market prices.  It is possible that at certain load levels and wind generation production levels that wind generators will be setting the market price at low and even negative values.  At these times it may be quite useful to use the dipatchability of the wind generation to provide responsive reserve services.  The cost of providing the services from the wind generators will be dramatically reduced when market prices are set by wind generators instead of fossil fired generators.  If conventional generators provide REG-DOWN, they would have to reserve capacity to provide that service.  Reserving capacity for REG-DOWN means that the generator must be generating at above its minimum output level to allow ERCOT to reduce output as needed.  That would result in the generator producing energy at market prices below the cost of the fuel needed to maintain the level of output required to provide REG-DOWN.  At the same time, the high output from wind generators would automatically provide the reserve capacity to provide REG-DOWN.  The high wind generation production and low load situations may also provide market conditions that make it reasonable for wind generators to reduce their output to reserve capacity for REG-UP.  
Review of Texas Nodal Protocols

The potential for there to be operational value and reasonable market situations for wind generators to provide regulation services makes it worthwhile to investigate the issues associated with wind generators to provide such services.  The current Texas Nodal protocols call for the following processes, performance requirements, and settlement for generators providing regulation service:
1. QSEs must offer to provide regulation by 1000 of the Day-Ahead
2. QSEs will be paid the hourly regulation clearing price for each MW that generators are awarded regulation in that hour

3. QSEs must update COP designating which units will provide regulation awarded in the Day-Ahead market
4. Deployment of regulation uses the base point as reference

5. QSEs can change the units providing regulation with ERCOT’s permission
6. QSEs can trade regulation responsibility with other QSEs

7. ERCOT can acquire replacement regulation for QSEs unable to meet their regulation requirement

8. QSEs unable to meet their requirement pay for the replacement regulation or lose their revenue for the defaulted portion of the service
9. In real time, generators must deploy regulation based upon electronic signals provided every 4 seconds

10. The required maximum ramp rate for regulation is the MW commitment from that generator divided by 5 minutes
In addition there are the following requirements specified for Wind Generation Resources (WGRs):

1. WGRs are required to use a HSL equal to or less than the Wind Generation Resource Production Potential (WGRPP) forecast in the COP

2. WGRs are required to update HSL in real time by providing a value that is equal to or greater than their current metered output

Extracts of a portion of the Texas Nodal Protocols relevant to the provision of regulation service are attached.  These extracts are not complete; but are intended to capture the key requirements for the service.  The possible issues associated with the provision of regulation services from wind generators and potential solutions include:
1. Risk that ERCOT will not have sufficient regulation in real time; mitigations might include:
a. Restrict the total MW or the total percentage of regulation service provided by wind generators;
b. Restrict the amount of regulation provided by any one wind generator;
c. Purchase wind generator provided regulation nearer to real time;
d. Facilitate a coordinated approach to providing regulation from wind generators and conventional generation.

2. Wind generator risk of paying for replacement regulation service if they are deemed to be not available at real time by ERCOT; mitigations might include:
a. Facilitate more flexible regulation trading / sharing between QSEs 

b. Allow ERCOT to purchase wind generator provided regulation nearer to real time if expected availability high;
3. Wind generator High Ancillary Service Limit (HASL) changes each SCED cycle when the latest real time HSL is selected by SCED which then results in a shift in reference point for the Base Point calculation by SCED used to determine the range of MW output available for regulation service; mitigation might include:

a. A detailed study of the interplay between SCED and the frequency control, regulation deployment process to evaluate the effect of routinely changing HSL.
4. Regulation service testing as described in the protocols may not be the appropriate testing regime for wind generators providing regulation service; mitigation might include:
a. Developing restrictions and testing methods unique to each wind generator technology type;

b. Determining limits to the amount of regulation a wind generator may provide in addition to the ramp rate limit;

c. Determining if the ramp rate limit imposed to prevent frequency control problems when WGRs respond to curtailment orders should also apply when responding to regulation deployment orders;

d. Determining if any operating margins below HSL and above LSL are needed.

There are obviously some issues that might result in protocol changes if wind generation provision of regulation service is to be facilitated.  Additional modeling and analysis needs to be done to get a better sense for operating and market issues associated with wind generators providing regulation service.  But, an initial review of the Texas Nodal Protocols, reveals no prohibition to wind generators providing regulation service. 
EXTRACTS FROM TEXAS NODAL PROTOCOLS FOCUSING ON REGULATION SERVICE

NOTE: THESE EXTRACTS ARE INCOMPLETE ARE ONLY PROVIDED 
TO ASSIST IN UNDERSTANDING GENERAL CONCEPTS

IN THE TEXAS NODAL PROTOCOLS 
DEALING WITH REGULATION SERVICE

3.9.1
Current Operating Plan (COP) Criteria

(1)
Each QSE that represents a Resource must submit a COP to ERCOT that reflects expected operating conditions for each Resource for each hour in the next seven Operating Days.

 (3)
The Resource capacity in a QSE’s COP must be sufficient to supply the Ancillary Service Supply Responsibility of that QSE. 

(4)
A COP must include the following for each Resource represented by the QSE:
 (b)
The expected Resource Status:

(i)
Select one of the following for Generation Resources synchronized to the ERCOT System that best describes the Resource’s status:

 (B)
ONREG – On-Line Resource with Energy Offer Curve providing Regulation Service;
 (g)
Ancillary Service Resource Responsibility capacity in MW for:

 (i)
Reg-Up;

3.17.1
Regulation Service 

(1)
Regulation Up Service (Reg-Up) is a service that provides capacity that can respond to signals from ERCOT within three to five seconds to respond to changes from scheduled system frequency.  The amount of Reg-Up capacity is the amount of capacity available from a Resource that may be called on to change output as necessary to maintain proper system frequency. A Generation Resource providing Reg-Up must be able to increase energy output when deployed and decrease energy output when recalled.  A Load Resource providing Reg-Up must be able to decrease Load when deployed and increase Load when recalled.   

(2)
Regulation Down Service (Reg-Down) is a service that provides capacity that can respond to signals from ERCOT within three to five seconds to respond to changes from scheduled system frequency.  The amount of Reg-Down capacity is the amount of capacity available from a Resource that may be called on to change output as necessary to maintain proper system frequency.  A Generation Resource providing Reg-Down must be able to decrease energy output when deployed and increase energy output when recalled. A Load Resource providing Reg-Down must be able to increase Load when deployed and decrease Load when recalled.
3.18
Resource Limits in Providing Ancillary Service 

(1)
The HSL must be greater than or equal to the LSL and the sum of the Resource-specific designation of capacity to provide Responsive Reserve, Reg-Up and Non-Spin; 

(2)
For Reg-Up, the amount of Reg-Up provided must be less than or equal to the HSL for Generation Resources and LPC for Load Resources minus the LSL for Generation Resources and MPC for Load Resources; 

(3)
For Reg-Down, the amount of Reg-Down provided must be less than or equal to the HSL for Generation Resources and LPC for Load Resources of the unit minus the LSL for Generation Resources and MPC for Load Resources; and

4.1
Introduction 

(1)
The Day-Ahead Market (DAM) is a daily, co-optimized market in the Day-Ahead for Ancillary Service capacity, certain Congestion Revenue Rights, and forward financial energy transactions.  

4.3
QSE Activities and Responsibilities in the Day-Ahead

(1)
During the Day-Ahead, a QSE: 

 (a)
Must submit its COP and update its COP as required in Section 3.9, Current Operating Plan (COP);

(b)
May submit Three-Part Supply Offers, DAM Energy-Only Offers, DAM Energy Bids, Energy Trades, Self-Schedules, Capacity Trades, DC Tie Schedules, Ancillary Service Offers, Ancillary Service Trades, Self-Arranged Ancillary Service Quantities, PTP Obligation Bids, and CRR Offers as specified in this Section; and

4.4.7.2
Ancillary Service Offers

(1)
By 1000 in the Day-Ahead, a QSE may submit Generation Resource-specific Ancillary Service Offers to ERCOT for the DAM and may offer the same Generation Resource capacity for any or all of the Ancillary Service products simultaneously with any Energy Offer Curves from that Generation Resource in the DAM. A QSE may also submit Ancillary Service Offers in a Supplemental Ancillary Service Market (SASM). Offers of more than one Ancillary Service product from one Generation Resource may be inclusive or exclusive of each other and of any Energy Offer Curves, as specified according to a procedure developed by ERCOT. 

4.4.7.2.1
Ancillary Service Offer Criteria

(1)
Each Ancillary Service Offer must be submitted by a QSE and must include the following information:

(a)
The selling QSE;

(b)
The Resource represented by the QSE from which the offer would be supplied;

(c)
The quantity in MW and Ancillary Service type from that Resource for this specific offer and the specific quantity in MW and Ancillary Service type of any other Ancillary Service offered from this same capacity; 

 (e)
An Ancillary Service Offer linked to other Ancillary Service offers or an Energy Offer Curve from a Resource designated to be On-Line for the offer period in its COP may only be struck if the total capacity struck is within limits as defined in item (4)(c)(iii) of Section 4.5.1.

(f)
The first and last hour of the offer; 

(g)
A fixed quantity block, or variable quantity block indicator for the offer; 

(i)
If a fixed quantity block, not to exceed 150 MW, which may only be offered by a Load Resource, the single price (in $/MW) and single quantity (in MW) for all hours offered in that block;

(ii)
If a variable quantity block, which may be offered by a Generation Resource or a Load Resource, the single price (in $/MW) and single “up to” quantity (in MW) contingent on the purchase of all hours offered in that block; and

(h)
The expiration time and date of the offer.

4.4.7.4
Ancillary Service Supply Responsibility

(3)
By 1430 in the Day-Ahead, the QSE must notify ERCOT, in the QSE’s COP, which Resources represented by the QSE will provide the Ancillary Service capacity necessary to meet the QSE’s Ancillary Service Supply Responsibility, specified by Resource, hour, and service type. The DAM Ancillary Service awards are Resource-specific; the QSE must include those DAM awards in its COP, and the QSE may not change that Resource-specific DAM award information until after 1600 under the conditions set out in Section 3.9, Current Operating Plan (COP). 

(4)
Section 6.4.8.1.3, Replacement of Ancillary Service Due to Failure to Provide, specifies what happens if the QSE fails on its Ancillary Service Supply Responsibility.

4.5.3
Communicating DAM Results

(1)
As soon as practicable, but no later than 1330 in the Day-Ahead, ERCOT shall notify the parties to each cleared DAM transaction (e.g., the buyer and the seller) of the results of the DAM as follows: 

(a)
Awarded Ancillary Service Offers, specifying Resource, MW, Ancillary Service Type, and price, for each hour of the awarded offer;

6.4.8
Ancillary Services Capacity During the Adjustment Period and in Real-Time

6.4.8.1
Evaluation and Maintenance of Ancillary Service Capacity Sufficiency 

(1)
ERCOT shall evaluate Ancillary Service requirements and capacity sufficiency using evaluation tools including the Ancillary Services Capacity Monitor, described in Section 6.5.7.5, Ancillary Services Capacity Monitor, throughout the Adjustment Period and Operating Period.

(2)
ERCOT may procure Ancillary Services in the Adjustment Period for the following reasons:

(a) 
Increased need of Ancillary Services capacity above that specified in the Day-Ahead;

(b) 
Replacement of Ancillary Services capacity that is undeliverable due to transmission constraints; or

(c) 
Replacement of Ancillary Services capacity due to failure to provide.

(3)
A QSE may change the specific Resources supplying Ancillary Services under Section 3.9, Current Operating Plan (COP) using the QSE’s Ancillary Service Schedule in the COP only if, in ERCOT’s determination, that change does not adversely affect the deliverability of the service(s) being allocated to an alternate Resource and if that change does not adversely affect the deliverability of other services previously procured by ERCOT.  A QSE may not change the quantity provided of each type Ancillary Services awarded through the ERCOT procurement process or the aggregate amount of Self-Arranged Ancillary Services (by Ancillary Service type) from the DAM. On detection of a change in COP for Resources providing Ancillary Services, ERCOT shall review the impact on deliverability and communicate to the QSE if the change is not approved.  The QSE must update its COP to reflect the ERCOT decision. If ERCOT does not act on the request by the beginning of the Operating Hour in which the change will take effect, the request is deemed approved.

6.4.8.1.2
Replacement of Undeliverable Ancillary Service Due to Transmission Constraints 

(1)
The HRUC process must honor the HASL and LASL for each Resource for each hour of the RUC Study Period unless by doing so a transmission constraint exists where energy from the Resource is needed to resolve the constraint that cannot be resolved by any other means or the energy output from the Resource must be decreased such that the Resource is unable to provide the Ancillary Service capacity allocated to that Resource in the COP.  In those cases, ERCOT shall provide the following information to each affected QSE with two hours’ advance notice of:

(a)
The amount by which the QSE must reduce the Ancillary Services currently allocated to each affected Resource; and

(b)
The start and stop times of the reduction.

(2)
Within the two-hour advance notice period, each affected QSE may do one or more of the following:

(a)
Substitute capacity from other Resources represented by that QSE to meet its Ancillary Services Supply Responsibility;

(b)
Substitute capacity from other QSEs using Ancillary Service Trades; or

(c)
Inform ERCOT that all or part of the Ancillary Services capacity needs to be replaced.

(3)
If a QSE elects to substitute capacity, ERCOT shall determine the feasibility of the substitution.  If the substitution is deemed infeasible by ERCOT or the QSE informs ERCOT that the Ancillary Services capacity needs to be replaced, then ERCOT shall procure, if in its sole discretion it finds that the service is still needed, the Ancillary Services capacity required under Section 6.4.8.2, Supplemental Ancillary Services Market.

(4) 
If ERCOT procures additional Ancillary Services for the amount of substituted capacity that is deemed infeasible or the amount of Ancillary Services capacity that each affected QSE does not replace, then all QSEs that bought the specific Ancillary Service in the DAM are charged for their share of the net cost incurred for the Ancillary Service procured by ERCOT as part of the multiple procurement processes (DAM and SASMs) , in accordance with Section 6.7.3, Adjustments to Cost Allocations for Ancillary Services Procurement.

(5)
If the QSE’s Ancillary Service capacity that is undeliverable because of a transmission constraint identified by ERCOT, as set forth in (1) above, was not awarded in the DAM or any SASM (i.e., the capacity is part of  Self-Arranged Ancillary Services for the hours of the RUC Study Period), then the QSE is charged for the insufficient Ancillary Service capacity the same price paid for the Ancillary Service as purchasers in the DAM paid for that time period, as determined under paragraph (4) above.

(6)
If the QSE’s Ancillary Service capacity that is undeliverable because of a transmission constraint identified by ERCOT, as set forth in (1) above, was awarded in the DAM or any SASM, then the QSE is not compensated for the quantity of the Ancillary Service capacity that is undeliverable.

6.4.8.1.3
Replacement of Ancillary Service Due to Failure to Provide

(1)
ERCOT may procure Ancillary Services to replace those of a QSE that has failed on its Ancillary Services Supply Responsibility through a Supplemental Ancillary Services Market, as described below in Section 6.4.8.2, Supplemental Ancillary Services Market.  A QSE is considered to have failed on its Ancillary Services Supply Responsibility when ERCOT determines, in its sole discretion, that some or all of the QSE’s Resource-specific Ancillary Service capacity will not be available in Real-Time. This Section does not apply to a failure to provide caused by events described in Section 6.4.8.1.2, Replacement of Undeliverable Ancillary Service Due to Transmission Constraints.

(2)
Within a time frame acceptable to ERCOT, each affected QSE may either substitute capacity to meet its Ancillary Services Supply Responsibility or inform ERCOT that the Ancillary Services capacity needs to be replaced.  If a QSE elects to substitute capacity, ERCOT shall determine the feasibility of the substitution.  If the substitution is deemed infeasible by ERCOT or the QSE informs ERCOT that the Ancillary Services capacity needs to be replaced, then ERCOT shall procure, if in its sole discretion it finds that the service is still needed, the Ancillary Services capacity required under Section 6.4.8.2.

(3)
ERCOT shall charge each QSE that has failed according to paragraph (1) on its Ancillary Service Supply Responsibility for a particular Ancillary Service for a specific hour.  The hourly charge of the failure is either (a) or (b):

(a)
If a SASM is executed for that hour, then the charge equals the MW amount of the failed Ancillary Services Supply Responsibility multiplied by the greater of the: 

(i)
The MCPC for the Ancillary Service in the DAM for that hour ; or 

(ii)
The maximum MCPC set from any SASM for the same operating hour.

(b)
If no SASM is executed for failure to supply for that hour, then the cost equals the MW amount of the failed Ancillary Services Supply Responsibility multiplied by the MCPC for the Ancillary Service in the DAM for that hour.

(4)
If the Ancillary Service capacity of the affected QSE was awarded in the DAM or any SASM, then the QSE is still compensated for the quantity of the Ancillary Service capacity.

(5)
If the Ancillary Service capacity of the affected QSE was not awarded in the DAM or any SASM (i.e., Self-Arranged Ancillary Service), then the QSE continues to receive credit toward its Ancillary Service Supply Responsibility.

6.4.8.2
Supplemental Ancillary Services Market

(1)
During the Adjustment Period, ERCOT may procure additional Reg-Up, Reg-Down, Responsive Reserve, and Non-Spinning Services for the reasons, and in the amounts, specified in Section 6.4.8.1, Evaluation and Maintenance of Ancillary Service Capacity Sufficiency, using a Supplemental Ancillary Services Market (SASM).

(2)
The SASM process for acquiring more Ancillary Service capacity must use the following timeline with time “X” being the time that ERCOT sends notice to all QSEs of the SASM.  Time X may be any time not less than two hours before the start of the Operating Hour for which the additional Ancillary Services capacity is required.

	SASM Process 
	QSE Activities:
	ERCOT Activities:

	Time = X
	
	Notify all QSEs of intent to procure additional Ancillary Services.

Notify QSEs of any additional Ancillary Service Obligation, allocated to each LSE and aggregated to the QSE level. 

	Time = X plus 30 minutes
	May submit additional quantity of Self-Arranged Ancillary Services limited to the additional Ancillary Services Obligation of the QSE.
	Determine the amount of Ancillary Services to be procured.

	Time = X plus 35 minutes
	
	Execute SASM. 



	Time = X plus 45 minutes
	
	Notify QSEs with awards of results

Post the quantities and MCPCs of Ancillary Services bought in the SASM.



	Time = X plus 60 minutes
	Submit updated COP and updated Ancillary Service Schedule.
	Validate COPs and Ancillary Service Schedules.




(3)
Each QSE that is awarded capacity in a SASM is paid the SASM MCPC for the quantity it is awarded.

(4)
ERCOT shall allocate additional Ancillary Service Obligations to QSEs using the same percentages as the original Day-Ahead allocation of Ancillary Service Obligations.

6.5.7.2
Resource Limit Calculator

(1)
ERCOT shall calculate the HASL, LASL, SCED Up Ramp Rate (SURAMP), SCED Down Ramp Rate (SDRAMP), HDL and LDL within 4 seconds after a change of the Resource-specific attributes provided as part of the QSE’s SCADA telemetry under Section 6.5.5.2, Operational Data Requirements.  The formulas described below define which Resource-specific attributes must be used to calculate each Resource limit.  The Resource limits are used as inputs into both the SCED process and the Ancillary Service Capacity Monitor as described in Section 6.5.7.6, Load Frequency Control.  These Resource limits help ensure that the deployments produced by the SCED and LFC processes will respect the commitment of a Resource to provide Ancillary Services as well as individual Resource physical limitations.

(2)
The figure below illustrates how the Resource Limit Calculator determines the Resource limits for both Generation and Load Resources:
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 (3)
High Ancillary Service Limit (HASL) is calculated as follows:

HASL
=
Max (LASL, (HSLTELEM – (RRSTELEM + RUSTELEM + NSRSTELEM)))

	Variable
	Description

	HASL
	High Ancillary Service Limit

	HSLTELEM
	High Sustained Limit provided via telemetry – per Section 6.5.5.2 

	LASL
	Low Ancillary Service Limit

	RRSTELEM
	Responsive Reserve Ancillary Service Schedule provided by telemetry 

	RUSTELEM
	Reg-Up Ancillary Service Resource Responsibility designation provided by telemetry

	NSRSTELEM
	Non-Spin Ancillary Service Schedule provided via telemetry


(4)
Low Ancillary Service Limit (LASL) is calculated as follows:

LASL
= 
LSLTELEM + RDSTELEM

	Variable
	Description

	LASL
	Low Ancillary Service Limit

	LSLTELEM
	Low Sustained Limit provided via telemetry 

	RDSTELEM
	Reg-Down designation provided by telemetry 


(5)
For each Generation Resource, the SURAMP is calculated as follows:

SURAMP
= 
([RAMPRATE– (RUSTELEM / 5)]

	Variable
	Description

	SURAMP
	SCED up ramp rate 

	RAMPRATE
	Normal Ramp Rate when RRS is not deployed or when the subject resource is not providing RRS.

Emergency Ramp Rate for Resources deploying RRS

	RUSTELEM
	Reg-Up designation   provided by telemetry


(6)
For each Generation Resource, the SDRAMP is calculated as follows:

SDRAMP
= 
NORMRAMP – (RDSTELEM / 5)

	Variable
	Description

	SDRAMP
	SCED down ramp rate

	NORMRAMP
	Normal Ramp Rate 

	RDSTELEM
	Reg-Down designation by Resource provided via telemetry 


(7)
For Generation Resources, HDL is calculated as follows:

HDL
= 
Min (POWERTELEM + (SURAMP * 5), HASL)

	Variable
	Description

	HDL
	High Dispatch Limit

	POWERTELEM
	Gross or net real power provided via telemetry 

	SURAMP
	SCED Up Ramp Rate 

	HASL
	High Ancillary Service Limit – definition provided in Section 2, Definitions and Acronyms.


(8)
For Generation Resources, LDL is calculated as follows:

LDL
= 
Max (POWERTELEM - (SDRAMP * 5), LASL)

	Variable
	Description

	LDL
	Low Dispatch Limit

	POWERTELEM
	Gross or net real power provided via telemetry 

	SDRAMP
	SCED Down Ramp Rate 

	LASL
	Low Ancillary Service Limit – definition provided in Section 2, Definitions and Acronyms.


6.5.7.5
Ancillary Services Capacity Monitor

(1)
ERCOT shall calculate the following every ten seconds and provide Real-Time summaries to ERCOT operators and all Market Participants using the MIS Secure Area and ICCP, giving updates of calculations every ten seconds, which show the Real-Time total system amount of:

(a)
Responsive Reserve Capacity from Generation Resources;

(b)
Responsive Reserve Capacity from Load Resources excluding Controllable Load Resources;

(c)
Responsive Reserve Capacity from Controllable Load Resources;

(d)
Non-Spinning Reserve available from On-Line Generation Resources with Energy Offer Curves;

(e)
Non-Spinning Reserve available from undeployed Load Resources; 

(f)
Non-Spinning Reserve available from Off-Line Generation Resources; 

(g)
Non-Spinning Reserve available from Resources with Output Schedules;

(h)
Undeployed Reg-Up and undeployed Reg-Down;

(i)
Available capacity with Energy Offer Curves in the ERCOT System that can be used to increase Base Points in SCED;

(j)
Available capacity with Energy Offer Curves in the ERCOT System that can be used to decrease Base Points in SCED; 

(k)
Available capacity without Energy Offer Curves in the ERCOT System that can be used to increase Base Points in SCED; and

(l)
Available capacity without Energy Offer Curves in the ERCOT System that can be used to decrease Base Points in SCED; and.

(m)
The ERCOT-wide Physical Responsive Capability (PRC) calculated as follows:
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PRC1 =


Min(Max((RDF*HSL – Actual Net Telemetered Output)i , 0.0) , 0.2*RDF*HSLi)


PRC2 =
((Hydro-synchronous condenser output)i as qualified by Operating Guide Section 2.5.2.3, Types of Responsive Reserve))

PRC =
PRC1 + PRC2

The above variables are defined as follows:

	Variable
	Unit
	Description

	PRC1
	MW
	Generation On-line greater than 0 MW

	PRC2
	MW
	Hydro-synchronous condenser output

	PRC
	MW
	Physical Responsive Capability

	RDF
	
	The currently approved Reserve Discount Factor


6.5.7.6.2.1
Deployment of Regulation Service

(1)
 (2)
Reg-Up is a deployment or recall of a deployment referenced to the Resource’s Base Point in response to a change (up or down) in ERCOT System frequency to maintain the target ERCOT System frequency within predetermined limits according to the Operating Guides.

(3)
Reg-Down is a deployment or recall of a deployment referenced to the Resource’s Base Point in response to a change (up or down) in ERCOT System frequency to maintain the target ERCOT System frequency within predetermined limits according to the Operating Guides.

(4)
These requirements also apply to the deployment or recall of a deployment of Reg-Up and Reg-Down:

 (a)
Deployment or recall of a deployment must be accomplished through use of an automatic signal from ERCOT to each QSE provider of Reg-Up and Reg-Down.  

(c)
ERCOT shall settle energy provided by Reg-Up and Reg-Down at the Resource’s Settlement Point Price.

(f)
ERCOT shall calculate for each LFC cycle the amount of regulation that each Resource is expected to provide at that instant in time.  The expected amount must be averaged over each SCED interval.  The actual generation from telemetry must also be averaged over each SCED interval.

 (6)
For each Resource providing Reg-Up or Reg-Down, the implied ramp rate in MW per minute is the total amount of Regulation Service awarded divided by five.

(7)
Each QSE providing Reg-Up or Reg-Down and ERCOT shall meet the deployment performance requirements specified in Section 8, Performance Monitoring and Compliance.

(8)
ERCOT shall issue Reg-Up and Reg-Down deployment Dispatch Instructions over ICCP.  Those Dispatch Instructions must contain the change in MW output requested of the QSE assuming all Resources are at their last Base Point issued by SCED.

6.7
Real-Time Settlement Calculations for the Ancillary Services

6.7.2
Charges for Ancillary Service Capacity Replaced Due to Failure to Provide

A charge to each QSE that fails on its Ancillary Service Supply Responsibility, whether or not a SASM is executed due to its failure to supply, is calculated based on the greatest of the MCPC in the DAM or any SASM for the same Operating Hour.  By service, the charge to each QSE for a given Operating Hour is calculated as follows:

(1)
For Reg-Up, if applicable:

RUFQAMT q
=
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Max

(MCPCRU m) * RUFQ q
The above variables are defined as follows:

	Variable
	Unit
	Description

	RUFQAMT q
	$
	Reg-Up Failure Quantity Amount per QSE—The charge to QSE q for its total capacity associated with failures on its Ancillary Service Supply Responsibility for Reg-Up, for the hour.

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

	RUFQ q
	MW
	Reg-Up Failure Quantity per QSE—QSE q total capacity associated with failures on its Ancillary Service Supply Responsibility for Reg-Up, for the hour.

	m
	none
	The DAM or a SASM for the given Operating Hour.

	q
	none
	A QSE.


(2)
For Reg-Down, if applicable:

RDFQAMT q
=
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Max

(MCPCRD m) * RDFQ q
The above variables are defined as follows:

	Variable
	Unit
	Description

	RDFQAMT q
	$
	Reg-Down Failure Quantity Amount per QSE—The charge to QSE q for its total capacity associated with failures on its Ancillary Service Supply Responsibility for Reg-Down, for the hour.

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

	RDFQ q
	MW
	Reg-Down Failure Quantity per QSE—QSE q’s total capacity associated with failures on its Ancillary Service Supply Responsibility for Reg-Down, for the hour.

	m
	none
	The DAM or a SASM for the given Operating Hour.

	q
	none
	A QSE.


8.1.2.2.2
Regulation Service 

(1)
A QSE control system must be capable of receiving digital control signals from ERCOT’s control system, and of directing its Resources to respond to the control signals, in an upward and downward direction to balance Real-Time Demand and Resources, consistent with established NERC and ERCOT operating criteria.  A QSE providing Reg-Up or Reg-Down shall provide communications equipment to receive telemetered control deployments of power from ERCOT.   

(2) 
A QSE shall demonstrate to ERCOT that they have the ability to switch control to constant frequency operation as specified in the Operating Guides using telemetry at the QSE’s control center.  ERCOT-authorized operations of the QSE’s regulation control system on constant frequency will be considered a Dispatch Instruction.   

(3) 
A QSE providing Reg-Up or Reg-Down shall provide ERCOT with the data requirements of Section 6.5.5.2, Operational Data Requirements, and a feedback signal meeting the requirements of ERCOT.  Resources providing Reg-Up or Reg-Down must be capable of delivering the full amount of regulating capacity offered to ERCOT within five minutes.  

(4)
Each Resource providing Reg-Up or Reg-Down must meet technical requirements specified in these Protocols.  Each Generation Resource providing Reg-Up or Reg-Down must have their governors in service.

(5)
A Resource providing Reg-Up and Reg-Down must be able to respond in the Operating Hour for which it has been selected to provide the Ancillary Service. 

(6)
A Reg-Up and Reg-Down qualification test for each Resource is conducted during a continuous 60-minute period agreed on in advance by the QSE and ERCOT.  QSEs may qualify a Resource to provide Reg-Up or Reg-Down, or both, in separate testing. ERCOT shall administer the following test requirements:

(a)
ERCOT shall confirm the date and time of the test with the QSE using both the primary and alternate voice communication circuits to validate the voice circuits.

(b)
For the 60-minute duration of the test, when market and reliability conditions allow, the ERCOT Control Area Operator shall send a random sequence of raise, hold, and lower control signals to the QSE for a specific Resource.  To facilitate accurate measurements, each signal (raise, lower, or hold) must remain unchanged for at least two minutes.  The control signals may not request Resource performance beyond the HASL, LASL, and ramp rate limit agreed on prior to the test.  During the test, a ten-minute period is used to test the Resource’s ability to achieve the entire amount of Reg-Up requested for qualification during the period.  A ten-minute period is used to test the QSE’s ability to achieve the entire amount of Reg-Down requested for qualification during the period.  

(c)
ERCOT shall measure and record the average real power output for each minute of the Resource(s) being tested represented by the QSE.  The correlation coefficient between the expected average power from one minute to the next (limited to no more than the initial value + [request “1/2 ” stated ramp rate]), and the actual measured real power output of the Resource(s) during those minutes must be statistically significant to two positive standard deviations in order to pass the test.

(d)
On successful demonstration of all test criteria, ERCOT shall qualify that the Resource is capable of providing Regulation Service and shall provide a copy of the certificate to the QSE and the Resource.

8.1.2.3.1
Regulation Service Capacity Monitoring Criteria

ERCOT shall continuously monitor the capacity of each Resource to provide Reg-Up and Reg-Down.  When determining this available capacity, ERCOT shall consider for each Resource with REG status, the actual generation or load, the Ancillary Service Schedule for Reg-Up and Reg-Down, the HSL, the LSL, ramp rates, any other commitments of Ancillary Service capacity, and the amount of  Regulation energy currently deployed on the Resource.

8.1.2.4.1
Regulation Service Energy Deployment Criteria

(1)
For each QSE, ERCOT shall calculate one-minute and ten-minute averages of the “Provided Regulation” equal to the sum of (a) and (b) where:


(a)
for all of the QSE’s Resources in ONREG,  ONOSREG or ONRGL status: 

(i)
the sum of the QSE’s actual generation for each Generation Resource or load for each Load Resource; minus 

(ii)
the sum of the QSE’s Base Points for each Resource; minus 

(iii)
for Generation Resources, the sum of the total expected Governor Response of each Resource; minus

(iv)
for Controllable Load Resources, the sum of the total expected frequency response of each Resource; and

(b)
for all of the QSE’s Resources in ONDSRREG status (“DSRQSE”): 

(i)
the sum of the DSRQSE’s actual generation for each Generation Resource; plus

(ii)
the sum of the DSRQSE’s awarded DAM Energy Bid quantities; plus 

(iii)
the sum of the DSRQSE’s Energy Trades where the DSRQSE is the buyer and another QSE is the seller; plus 

(iv)
the sum of the DSRQSE’s Energy Trades where the DSRQSE is both the buyer and the seller in the same Energy Trade (i.e. creating a static schedule of non-Dynamically Scheduled Resource(s) to meet DSR Load); minus 

(v)
the DSRQSE’s actual load; minus 

(vi)
the sum of the DSRQSE’s awarded energy offers in the DAM; minus 

(vii)
the sum of the DSRQSE’s Energy Trades where the DSRQSE is the seller and another QSE is the buyer; minus

(viii)
for Generation Resources, the total expected Governor Response of the Resources. 

(2)
ERCOT shall also calculate each QSE’s participation factor as the ratio for each ten-minute interval of: 

(a)
the sum of the ten-minute average of the Base Points and Scheduled Power Consumption Snapshots for a QSE’s Resources providing Regulation Service plus deployed Ancillary Service; to 

(b)
the sum of the ten-minute averages for all Base Points and all Scheduled Power Consumption Snapshots for all Resources plus all deployed Ancillary Service.

(3)
ERCOT shall limit the deployment of Regulation Service of each QSE for each control cycle equal to 125% of the total amount of Regulation Service in ERCOT divided by the number of control cycles in five minutes.  Regulation Service performance must be calculated only for a Resource during intervals for which the Resource shows an ONREG, ONOSREG, or ONRGL status in the COP.

(4)
Satisfactory control performance of the QSE providing Regulation Service must be deemed acceptable when:

(a)
The one minute averages of the QSE’s Provided Regulation meet the criteria in paragraph (5) below over the calendar month, and

(b)
The ten minute averages of the QSE’s Provided Regulation meet the criteria in paragraph (5) below for 90% of the ten minute periods over the calendar month.

(5)
The criterion for the one-minute average is:
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and the criterion for the ten-minute average is:
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Where:

Provided Regulation1 is the one-minute average of Provided Regulation.

Provided Regulation10 is the ten-minute average of Provided Regulation.

Bias1 is the one -minute average of the ERCOT total bias used in the ACE calculation.

(F1 is the one -minute average of frequency deviation from schedule.

( is a constant derived from the targeted frequency bound.  It is the targeted Root Mean Square of one minute average frequency error from a schedule based on frequency performance over a given year as established according to NERC Performance Requirements by ERCOT and the appropriate ERCOT Subcommittee as assigned by TAC.

L10 is a limit to recognize the desired performance of frequency for ERCOT as established according to NERC performance requirements. L10 is defined as (1.65 * E10 * Bias10) where E10 is 0.01315 Hz and Bias10 is the ten minute average of the ERCOT total bias used in the Area Control Error (ACE) calculation for the ERCOT Control Area.

K is a constant that is set to 0.81 to ensure correlation between passing the NERC CPS2 criteria and passing the ten minute control limit and can be adjusted by the appropriate ERCOT Subcommittee as assigned by TAC.  

(6)
ERCOT shall determine the performance of providers of Ancillary Service under normal operating conditions.  ERCOT shall not consider average performance of a QSE any period during which any of the following events has occurred and for which the QSE does not have a passing score:

(a)
The 20-minute period in which the QSE has experienced a Forced Outage causing an ERCOT frequency deviation of greater than 0.03 Hz; 

(b)
Settlement Intervals in which ERCOT has issued Emergency Base Points to the QSE;

(c)
The period in which ERCOT issues instructions to the QSE to deploy its Resources at ramp rates in excess of Normal Ramp Rates; and

(d)
Certain other periods of abnormal operations as determined by ERCOT in its sole discretion.
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