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Executive Summary

Introduction

ERCOT Protocols require that methodologies for determining the amounts of Ancillary Services to be required and posted be developed and used by ERCOT.  These protocols require approval by the ERCOT Board of Directors.

This document discusses the various Ancillary Services for which requirements are to be developed.  Further, detailed methodologies for each are attached as part of this document.

The approach taken is to summarize the details that are built into the operations systems purchased for the purpose of implementing the operations requirements of ERCOT Protocols and to provide the individual procedures that ERCOT will use for those services whose quantity requirements are not determined within the operations systems.  

Operations Systems

The operations systems have internal algorithms which develop the quantities required of Replacement Reserve Service (RPRS) and Balancing Energy Service (BES).  Summaries of those methodologies are discussed below.

ERCOT Procedures

ERCOT Procedures are required for the determination of the quantities of Regulation Reserve Service (RGRS) and Non Spinning Reserve Service (NSRS).  Those procedures are discussed below.

The ERCOT Operating Guides establish a fixed requirement of 2300 MW of Responsive Reserve Service (RRS).  This quantity will be used until it is determined that a change is appropriate.  At that time, the changed methodology will be developed and presented to ERCOT TAC and the ERCOT Board for approval.

Summary

Regulation Reserve Requirement

ERCOT has developed a procedure for determination of the base requirement for Regulation Reserve Service.  The base requirement will be calculated as follows:

Calculate the average and standard deviation for the up and down regulation service in the previous month, and for the same month of the previous year.
  For each of these months calculate the amount of regulation service required by hour to provide an adequate supply of regulation service capability 98.8% of the time. (2.5 Standard deviations)  To facilitate market operations, ERCOT will divide these requirements into 4 "blocks" of constant requirements using a minimization process.

If experience indicates that this method results in repeated shortages of regulation reserve; ERCOT may increase these requirements after issuing an OCN explaining its actions.  If this option is exercised ERCOT must provide a report to TAC and the Board of Directors explaining its actions and new methodology at their next meeting.

Non-Spinning Reserve Requirements

ERCOT has developed a procedure for determining of the requirement for Non Spinning Reserve Service.  ERCOT will plan to purchase NSRS equal to the largest unit planned to be in operation for the greatest majority of hours.  This is intended to cover the exposure to loss of the largest unit and also to provide for load forecast error.

Replacement Reserve and Balancing Energy Requirements

The operations systems used by ERCOT develop internally, as part of the on-line real-time market operations and power operations activities, the requirements for Replacement Reserve Service and Balancing Energy Service.  These quantities may vary, depending upon the parameters described in the attached detailed summaries.

Minimum Balancing Energy Down Requirement

The balancing energy down requirement will be determined by examining the historic needs for the past 3 months and determining how much balancing energy down will be required for ERCOT 99.9% of the time. 

ERCOT has developed a procedure for determining of the Balancing Energy Service Down Bid Percentage requirement.  The quantity required will be related to the amounts projected to be needed for control of transmission congestion and to provide for sufficient down Balancing Energy Service to ensure that high frequency can be avoided at all times, especially including the minimum load intervals.

Responsive Reserve Requirement

The ERCOT Operating Guides set the RRS requirement at 2300 MW for all hours under normal conditions.  The Operating Guides allow ERCOT to increase that requirement under extreme conditions.


Regulation Reserve (RGRS) Requirements

Introduction

ERCOT is required to evaluate normal requirements for regulation up and regulation down on an annual basis.  It is ERCOT’s intent to use historical rates of regulation usage to perform this evaluation.  

ERCOT proposes that this normal regulation requirement may be increased by a multiple of two (2) during projected severe stress conditions such as forecasted extreme weather days. 
Summary

To evaluate regulation requirements, ERCOT collected historic deployed regulation for a given month.   This data was used to calculate average historically deployed regulation for 5-minute periods.  By calculating the mean and standard deviation of the deployed regulation up and deployed regulation down, ERCOT expects it can predict the expected needs for similar months. 

By arranging for 2.5 standard deviations times the historic average usage for each hours requirement; ERCOT provides the mathematical expectation that sufficient regulation will be available 98.8% of all periods.  This requirement may appear excessive until you realize that this implies that 1.2% of every month, or 35 intervals /month; ERCOT expects to exhaust available regulation services.

Procedure

Using archived data, ERCOT will calculate the mean and standard deviation of actual regulation deployed daily for the previous month and the same month of the previous year.  Using this data ERCOT will select 4 or more  periods of “similar” amounts of reserve deployment, and will, for each of these blocks, select the maximum “average” RRS deployment + 2.5 Standard deviations for the requirement for this block of hours.  There will be 4 blocks for each day, and each block may have a different number of hours.

ERCOT will calculate and post this requirement by the 20th of each month for the succeeding month as required by the protocols.

ERCOT will post this requirement for each day of the month as required by the protocols. 
If  historic regulation deployment information is noticeably “truncated” by historic cases of running out of regulation up or down, ERCOT may adjust the regulation requirement to compensate.  If such compensation is applied, ERCOT shall post a message explaining the adjustment and the reason for it. 
Non-Spinning Reserve Requirements

Introduction

Non-Spinning Reserve Service (NSRS) is used to replace loss of generating capacity or to compensate for load forecast errors on days in which large amounts of reserve are not available online.

In each case, NSRS is needed if the market does not plan to have large amounts of spinning reserve available in excess of energy requirements.

Summary

ERCOT will purchase NSRS when projected risk of insufficiency is higher than normal, or large amounts of spinning reserve are not projected to be available online based on resource plans.
Using this methodology ERCOT procures NSRS when hot weather, cold weather, or uncertain weather is expected, and when amounts of spinning reserve less than 4,600 MW (including that used for RRS) are projected.

Discussion

In each case, NSRS is needed if the market does not plan to have large amounts of spinning reserve available 
 in excess of energy requirements.

Historically, the need for NSRS has occurred during hot weather, 
during cold weather, during unexpected changes in weather, or during large unit trips when large amounts of spinning reserve have not been on line.

Examples of circumstances when non-spinning reserve have been historically used are:


Across peak hours during shoulder months when hotter than expected weather with large amounts of capacity offline resulted in EECP events.


Afternoons during Summer seasons when high loads and unit outages outstripped the capability of base load and normal cyclic units.


Cold weather events when early morning load pickup outpaced the ability of generation to follow.

Major unit trips when large amounts of spinning reserve were not online.

In each case, the need for quick start non-spinning reserve has been evident when there is not a large excess of spinning reserve on line.

This suggests a principle be used in determining NSRS requirements:


NSRS is needed when large amounts of spinning reserve are not online.

ERCOT requires a minimum of 2300 MW of responsive reserve, so clearly this is not a “large amount”.
ERCOT believes 
spinning reserves of 4600 MW qualify as a “large amount” for normal weather conditions.  The April-May and October transition months are not considered “normal” due to the larger than normal probability of significant load forecast error.  In addition, days with projected temperatures in Texas forecast above 95 degrees, or lows forecast below 30 degrees are considered as extreme operating conditions.

Extreme weather days are defined as days in which the forecast peak temperature for ERCOT is projected to be higher than 95 degrees, or the forecast high temperature is lower than 30 degrees, or days in which ERCOT has issued a 
Security Notice.  On extreme weather days, ERCOT will purchase an amount of NSRS larger than the largest unit online for on-peak hours, and may purchase amounts of NSRS much greater than this amount depending upon circumstances.

ERCOT will use the following in determining the amount of NSRS needed:

1.
Review the weather forecast for the next day and see if it differs significantly from the current day.

2.
If the next day forecast is “similar” to the current day forecast, and the current day forecast high temperature is <95 degrees in Dallas/Ft. Worth or Houston, and the current day low temperature is greater than 30 degrees, and the current day generation plan shows >4600 MW of spinning reserve online all day long, and the current month is not April, May, or October, THEN no NSRS is considered to be required all day for the next day.

3.
Else: Purchase NSRS using the following:


If the current month is April, May or October, then purchase NSRS in amounts equal to the largest unit online for the hours projected within 85% of peak hour.


If today’s and tomorrow’s ERCOT high temperature is projected above 95 degrees in Dallas/Ft. Worth or Houston, then purchase NSRS in amounts equal to the largest unit online for the hours projected warmer than 95 degrees.


If tomorrow’s low temperature forecast is projected below 30 degrees in Dallas/Ft. Worth or Houston, then purchase NSRS in amounts equal to the largest unit online for the projected morning load pickup hours and hours projected within 85% of peak hour.


Purchase amounts of NSRS equal to the largest unit online for hours in which the Day Ahead operator estimates spinning reserves online will drop lower than 4600 MW.

Replacement Reserve Requirements 

ERCOT will evaluate the need for Replacement Reserves necessary to correct for ERCOT total capacity insufficiency, Zonal Congestion (CM Zone for CSCs), or Local Congestion (OC).  The replacement reserve service  (RPRS) market functionality determines for each time interval, the amount of RPRS required to resolve supply inadequacy, CSC, and OC congestion simultaneously.  
If the Replacement capacity software does not find a market solution for local congestion, ERCOT may OOMC units as needed to maintain a secure operating state.  Typically these units will be selected on the basis of the replacement analysis done by the system or engineering studies results provided to the ERCOT operators by ERCOT operations support.
ERCOT is experiencing inadequacies in the design of the RPRS market, primarily associated with  the System Feasibility Test , boundary conditions between hours, and protocol injunctions to ignore RMR units.  ERCOT is working to resolve these problems and intends to use the RPRS market when they are resolved.
According to ERCOT market rules, all bids for the RPRS market must be submitted by 1600.  Bids submitted in the RPRS market are resource-specific.  Between 1600 and 1800 ERCOT will determine the amount of RPRS required to ensure system reliability by maintaining sufficient on-line capacity, which could potentially be used for congestion management and mitigation.  At 1800 the ERCOT publishes the procurement results of the necessary RPRS for the day-ahead market operation. The main purposes of the RPRS market operation can be summarized as follows.

· Procurement of RPRS if resource plans indicate capacity inadequacy.
Compare QSE scheduled load with ERCOT projected load. If the ERCOT projected load is greater than the QSE scheduled load and the capacity available in the Resource Plan does not adequately cover the difference, then there is a capacity inadequacy.  The differences between ERCOT load forecast and aggregated QSE scheduled loads are recorded.  The ERCOT load forecast is by load area aggregated to a CM zone. 

· Procurement of RPRS after resolution of existing problems to mitigate CSC and OC constraints.
· Calculate CSC flows based on QSE schedules.  Compare the calculated CSC flow with CSC limits.  If the calculated flows are greater than the limits, then there are CSC congestion problems and the CSC flows are recorded.

· Run a transmission contingency analysis to identify OC constraints.  Compare the calculated OC flow limits.  If the calculated flows are greater than the limits, then there are OC congestion problems.  The OC flow values are recorded.

The ERCOT RPRS market was formulated as a security-constrained economic dispatch problem and a Linear Programming (LP) solver called Scheduling Pricing Dispatch (SPD) is designed to solve this problem.  Its objective is to minimize the price-weighted volume of RPRS cleared bids in the RPRS market while satisfying all the security constraints.  This objective function is subject to the following set of constraints:

· System power balance 

With the availability of resource plans, the ERCOT determines if the most current load forecast will be met by this resource plan for each time interval of the next market day.

· Unit limits:

These constraints are included to maintain the feasibility of the resource plan submitted by the QSEs. They include capacity lower and upper limit constraints of each unit during each time interval.

· Ancillary Services (A/S) constraints:

ERCOT devises a valid A/S plan for each unit that will enable the QSEs portfolios to meet both the A/S requirements and resource plan for the day-ahead day given the finite limits of each unit. ERCOT validates the A/S commitments by unit to ensure operational feasibility.

SPD will determine cleared increment and decrement MWs respectively for each A/S type for each generating unit such that the summation of adjusted resource plan and allocated unit specific A/S targets are within the unit physical limits. 

· CSC constraints (OC-0)

· Security constraints (OC-1, OC-2 and OC-3)

· OOM and RMR model

When there are insufficient RPRS bids for ERCOT to resolve its reliability and security concerns, ERCOT may choose to request OOM capacity or to use RMR units.  The SPD application will provide appropriate information to guide ERCOT in deciding which OOM and RMR units should be selected.  The SPD application will also provide constraint status information to assist ERCOT to decide when to discontinue the OOM/RMR service.

The procurement of RPRS as described above depends upon both the computer program "SFT" functioning in concert with the Replacement procurement system, and the computer model of the power system accurately predicting congestion in the coming 24 hours.  Experience over the 1st year of operation has demonstrated that this expectation is not always met.

For this reason, ERCOT will also procure Replacement service, or order OOMC of units based upon recent physical congestion observed in the system.  If a market solution exists, ERCOT will normally model the expected constraint in the day ahead market procurement system, allow the replacement bids to be evaluated by the system, and procure in accordance with the recommendations.  In cases in which a market solution does not exist, ERCOT will OOMC units as needed to control congestion.

Examples of the RPRS Analysis are shown in Appendix A.

 Balancing Energy Requirement

Balancing Energy is deployed by ERCOT with the goals that (1) Regulation Service in either direction not be depleted during the interval,  (2) Regulation Service up and down energy is deployed in each Settlement Interval such that the net energy in regulation is minimized, and (3) to provide for frequency control when frequency is high, especially during minimum load intervals.  The latter will be included in the determination of BES Down Bid Percentage Requirements.  ERCOT will estimate Balancing Energy needs based on the actual Load, the difference in forecasted Loads and bilateral schedules, deployed Regulation Service, and forecasted Congestion.  

The following two-step approach is used to determine amount and location of BES needed in each Settlement Interval.

Step 1 is to determine balancing energy service needs to resolve generation-load balance and Zonal Congestion.

1) Balancing energy service market is cleared with Local Congestion ignored, i.e., only including Zonal Congestion.

2) The market clearing prices from Step 1 will represent the marginal cost for the solution of each constraint and will be produced as an output of the mathematical optimization application.  The output of the application will be as follows:


zonal MCPE 


shadow prices of Zonal Congestion


Portfolio Incremental/Decremental balancing service MW needed by QSE and CM zone


Resource-specific MW outputs (this is intermediate solution and does not indicate resource-specific dispatch instructions).

Step 2 is to determine balancing energy service needs to resolve Local Congestion as well as generation-load balance and Zonal Congestion.

1) The transmission security analysis is performed with the MW solutions from Step 1 for checking operational security.

2) If no operational constraint violation is detected, the solution from Step 1 is the final solution to the balancing energy service market.

3) When any Local Congestion is violated, the solution proceeds as follows:

3.1) The summation of the MCPE from step 1 and the resource-specific incremental premium is taken as the prices for resource-specific incremental bids.

3.2) The resource-specific decremental premium is taken as the prices for resource-specific decremental bids.

3.3) The portfolio balancing service MW solutions by QSE and CM zone obtained in Step 1 are kept as the same at the portfolio level. 

3.4) The amount and location of balancing energy service is recalculated with the sum of the incremental and decremental bids cleared due to relief of Local Congestion in the same CM zone being constrained to zero. All constraints, including Zonal Congestion and OC, are observed.  The objective of Step 2 solution is to minimize the cost of Local Congestion.  The output of the application will be as follows:


Portfolio Incremental/Decremental balancing service MW solutions by QSE and CM zone


Resource-specific MW outputs (resources that are identified to receive premiums will be sent resource-specific dispatch instructions.)


Shadow prices of Local Congestion

· Examples contained in Appendix B.

Balancing Energy Service (BES) Down Bid Percentage Requirement 

For Frequency Control (to correct high frequency)
Balancing Energy Service (BES) Down Bid Percentage Requirement will be considered for frequency control (to correct high frequency) for all intervals of each day. A down bid percentage requirement will be determined to allow for correcting for high frequency.  This is a potential need for all intervals, but is especially needed during minimum load periods.

ERCOT will normally calculate the minimum down balancing requirement for QSE’s as follows.

ERCOT will collect the amount of BES (up and down) deployed and the sum of schedules for each operating period for the two intervals described below:

1) The monthly data one year previous to the month to be posted.

2) The month to date data on the current month (month previous to the month being analyzed).  This interval will generally end on the 19th of the month previous to the month to be posted as the requirements will be posted on the 20th of the preceding month.

From this data ERCOT will calculate the mean balancing energy deployed and the standard deviation of the balancing deployed.  From this data a standard deviation may be calculated, and an amount of down balancing service expected to avoid exhausting the down balancing stack 99.9% of intervals calculated.  This amount of down balancing service, expressed as a percentage, will normally be posted as the down balancing percentage requirement. (Note – single outlying historic deployments may be selected in place of this statistical analysis if review indicates such a requirement is justified.)

ERCOT may post this value to be the continuous requirement, or may further analyze the needs to provide a varying requirement by:

· Zone

· On Peak and Off Peak hours

ERCOT may change this requirement during the month if experience shows that the initially proposed requirement is insufficient. 

For Congestion Management

If a need for additional down balancing is required in a single zone, or zones for congestion management, it is expected by ERCOT that zonal assessment of the data discussed above will allow detection and posting of the need in advance.  If this expectation is not correct, ERCOT may adjust the zonal down balancing requirement to address specific congestion events observed.

 Responsive Reserve (RRS) Requirement 

The ERCOT Operating Guides set the RRS requirement at 2300 MW for all hours under normal conditions.  The Operating Guides allow ERCOT to increase that requirement under extreme conditions.  The 2300 MW requirement was derived based on studies done in the past to determine the amount of Responsive Reserve that might be required to prevent the shedding of firm load upon the simultaneous loss of the two largest generation units in ERCOT.

One type of Responsive Reserve is Interruptible Responsive Reserve.  Interruptible Responsive Reserve is load that is automatically interrupted when system frequency decreases to 59.7 Hz.  The ERCOT Protocols state “The amount of Resources on high-set under-frequency relays providing RRS will be limited to 50% of the total ERCOT RRS requirement.  ERCOT may reduce this limit if it believes that this amount will have a negative impact on reliability or if this limit would require additional Regulation to be deployed as prescribed in section 6.4.1, Standards for Determining Ancillary Services Quantities.” 
Self arranged Responsive Reserve used to fulfill a QSE’s Responsive Reserve requirement must be at least ( 100% – minimum LAAR %) % from generation resources.  ERCOT procured Responsive Reserve to provide the difference between the 2300 MW system requirement and the amount of Responsive Reserve self arranged by all QSEs must also be at least ( 100% – minimum LAAR %) % from generation resources.

If the  minimum LAAR % level specified in the Protocols is changed, that change will be reflected in these requirements. 
Responsive Reserve % LAAR

Protocols allow ERCOT to set the percentage of Responsive Reserve which may be served by load acting as resources.  ERCOT calculates the maximum secure RRS served by LAARS by performing stability analysis of several power flow cases modeling the ERCOT transmission/generation system at different states.  ERCOT will examine these models response to generator trip events and the response of LAARS/Generation to recover frequency using different generation/LAAR amounts.  Unless indicated otherwise by these studies or adverse operating experience, LAARs will be allowed to provide up to 50% of the ERCOT Responsive Requirement of 2300 MW.
Appendix A

Examples for RPRS market analysis

1.
Capacity inadequacy only (800 MW shortage in Zone A)

RPRS Bids

	Bid
	Zone
	MW
	Price
	Cleared

	1
	C
	200
	10
	200

	2
	C
	200
	11
	200

	3
	C
	200
	12
	200

	4
	C
	200
	13
	200

	5
	A
	110
	14
	 

	6
	A
	100
	15
	 


RPRS Market Analysis Results
	Zone
	Type
	GenPlan
	QSE Schedule Load
	ERCOT Forecast
	Capacity Deficiency
	MCPC
	RepCap Procured
	Payment

	A
	CSC
	1500
	1000
	1800
	800
	13
	0
	0

	B
	CSC
	2000
	3500
	3500
	0
	13
	0
	0

	C
	CSC
	2000
	2500
	2500
	0
	13
	800
	10400

	D
	CSC
	500
	400
	400
	0
	13
	0
	0

	E
	CSC
	3000
	1600
	1600
	0
	13
	0
	0

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Total
	 
	9000
	9000
	9800
	800
	 
	800
	10400


2.
CSC Violation only

Annualized Shift Factors

	Zone
	CSC-1 Factor

	A
	-0.17

	B
	-0.234

	C
	-0.166

	D
	0

	E
	0.084


RPRS Market Analysis Results

	Zone
	Type
	GenPlan
	QSE Schedule Load
	ERCOT Forecast
	Capacity Deficiency
	MCPC
	RepCap Procured
	Payment

	A
	CSC
	1500
	1000
	1000
	0
	10.16
	0
	0

	B
	CSC
	2000
	3500
	3500
	0
	12.72
	0
	0

	C
	CSC
	2000
	2500
	2500
	0
	10.00
	66.4
	664

	D
	CSC
	500
	400
	400
	0
	3.36
	0
	0

	E
	CSC
	3000
	1600
	1600
	0
	0
	0
	0

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Total
	 
	9000
	9000
	9000
	0
	 
	66.4
	664

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Constraint
	 
	Initial Flow
	 
	Violation
	Solved Flow/Limit
	Shadow Price
	 
	

	CSC-1
	 
	466.6
	 
	16.6
	450
	 40
	 
	


3.
OC Violation Only

(1)
OC-1 in Zone B

(2)
One unit in Zone B bids $30/MW and its shift factor to OC-1 is -0.08

(3) Rest of units in Zone B have zero shift factors

RPRS Market Analysis Results

	Zone
	Type
	GenPlan
	QSE Schedule Load
	ERCOT Forecast
	Capacity Deficiency
	MCPC
	RepCap Procured
	Payment

	A
	CSC
	1500
	1000
	1000
	0
	 
	0
	0

	B
	CSC
	2000
	3500
	3500
	0
	 
	0
	0

	C
	CSC
	2000
	2500
	2500
	0
	 
	0
	0

	D
	CSC
	500
	400
	400
	0
	 
	0
	0

	E
	CSC
	3000
	1600
	1600
	0
	 
	0
	0

	OC-1
	OC
	 
	 
	 
	 
	30
	125
	3750

	 
	 
	 
	 
	 
	 
	 
	
	 

	Total
	 
	9000
	9000
	9000
	0
	 
	125
	3750

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Constraint
	 
	Initial Flow
	 
	Violation
	Solved Flow/Limit
	Shadow Price
	 
	

	OC-1
	 
	400
	 
	10
	390
	375
	 
	


4.
Capacity Inadequacy & OC Violation (300 MW capacity shortage; 10 MW OC violation)

	Zone
	Type
	GenPlan
	QSE Schedule Load
	ERCOT Forecast
	Capacity Deficiency
	MCPC
	RepCap Procured
	Payment

	A
	CSC
	1500
	1000
	1300
	300
	10
	0
	0

	B
	CSC
	2000
	3500
	3500
	0
	10
	0
	0

	C
	CSC
	2000
	2500
	2500
	0
	10
	175
	1750

	D
	CSC
	500
	400
	400
	0
	10
	0
	0

	E
	CSC
	3000
	1600
	1600
	0
	10
	0
	0

	OC-1
	OC
	 
	 
	 
	 
	30
	125
	3750

	 
	 
	 
	 
	 
	 
	 
	
	 

	Total
	 
	9000
	9000
	9300
	300
	 
	300
	5500

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Constraint
	 
	Initial Flow
	 
	Violation
	Solved Flow/Limit
	Shadow Price
	 
	

	OC-1
	 
	400
	 
	10
	390
	250
	 
	


5.
Cap Inadequacy, CSC & OC Violations (generalized model)

RPRS Market Analysis Results

	Zone
	Type
	GenPlan
	QSE Schedule Load
	ERCOT Forecast
	Capacity Deficiency
	MCPC
	RepCap Procured
	Payment

	A
	CSC
	1500
	1000
	1300
	300
	10.16
	0
	0

	B
	CSC
	2000
	3500
	3500
	0
	12.72
	0
	0

	C
	CSC
	2000
	2500
	2500
	0
	10
	212.2
	2122

	D
	CSC
	500
	400
	400
	0
	3.36
	0
	0

	E
	CSC
	3000
	1600
	1600
	0
	0
	0
	0

	OC-1
	OC
	 
	 
	 
	 
	30
	125
	3750

	 
	 
	 
	 
	 
	 
	 
	
	 

	Total
	 
	9000
	9000
	9300
	300
	 
	337.2
	5872

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Constraint
	 
	Initial Flow
	 
	Violation
	Solved Flow/Limit
	Shadow Price
	 
	

	CSC-1
	 
	466.6
	 
	16.6
	450
	40
	 
	

	OC-1
	 
	400
	 
	10
	390
	216
	 
	


Appendix B

Example for a BES market analysis:

In this example, given that

1)
there are two CM zones (A and B) in the system

2)
ERCOT projects 200 MW of load in Zone A and 500 MW in Zone B during a study interval

3)
from submitted resource schedules, ERCOT knows (or a computer program knows) that total resources available in Zone A is 500 MW (all from QSE A), 150 MW in Zone B (all from QSE B) for that interval

4)
annualized average shift factor for Zone A is 0.3, for Zone B is -0.5

5)
Inc Bid in Zone A  is 200 MW @ $5/MWh, Inc Bid in Zone B is 100 MW @ $8/MWh

6)
CSC limit is predefined as 279 MW

7)
from Resource Plan, we know that during next interval there are 3 units on line (A1, A2 and A3); A1 is expected at 250 MW, A2 at 150 MW, A3 at 100 MW.  Similarly, only unit in Zone B - B1, is scheduled at 150 MW

8)
from real-time SCADA data, we also know that there are 3 units on line (A1, A2 and A3); A1 is at 250 MW, A2 at 150 MW, A3 at 100 MW.  Only unit in Zone B - B1, is at 150 MW

9)
when BES is deployed, it is expected that different units will increase/decrease their output from their real-time output level based on their individual participation factors (A1 => 0.5,  A2 => 0.3, A3 => 0.2, B1 => 1.0)

10)
Unit specific incremental premiums received are $4/MWh for A1, $3/MWh for A2, $2/MWh for A3 and $5/MWh for B1; unit specific decremental premiums received are $3/MWh for A1, $2/MWh for A2, $1/MWh for A3 and $2/MWh for B1

11)
From above conditions, it is expected that there is 50 MW of resource shortage (= total load - total scheduled resources = 200 + 500 - 500 - 150 = 50 MW).  Therefore 50 MW of BES is needed for this interval.

12)
Intuitively since $5/MWh of Inc bid is a lowest bid, 50 MW would be cleared in Zone A if there is no Zonal Congestion.  Let’s calculate MW flow along CSC if this 50 MW is procured in Zone A:

MW flow on CSC =  (500 + 50 - 200)*0.3 + (150 - 500)*(-0.5) = 280 MW (> 279 MW)

Therefore, the MW flow on CSC is 1 MW over its limit and the Zonal Congestion does exist.

13)
In summary, we know during this study interval, 50 MW of BES is needed and Zonal Congestion is detected.

Here is the solution for this example: 


STEP 1

To resolve CSC (Zonal) congestion and  resource insufficiency, the portfolio based balancing energy is cleared.

BESA cleared = 48.75MW (in Zone A)

BESB cleared = 1.25MW  (in Zone B)

MCPEA =  5$/MWhr, 

MCPEB =  8$/MWhr

Shadow Price for CSC = (8 - 5)/ (0.3 - (-0.5)) = 3.75$/MW

After Step 1, the awarded portfolio balancing energy is allocated to the resources considering their available capacity and participation factors. 

Resource A1: 250 + (0.5*48.75) = 274.375MW

Resource A2: 150 + (0.3*48.75) = 164.625MW

Resource A3: 100 + (0.2*48.75) = 109.75MW

Resource B1:  150 + (1.0*1.25) =  151.25MW


STEP 2

Assume an actual shift factor is 1.0 from A3 to Local Congestion and its limit is 100 MW. Actual shift factors are zeros from all other units to this Local Congestion.  Based on above  unit operating levels, the OC (Local) congestion is evaluated at step 2.

First we form the unit specific INC/DEC bids

	CM zone
	Resource
	MCPE1
	Inc Premium
	Dec Premium
	Inc Price
	Dec Price

	A
	A1
	5
	4
	3
	9
	3

	A
	A2
	5
	3
	2
	8
	2

	A
	A3
	5
	2
	1
	7
	1

	B
	B1
	8
	5
	2
	13
	2


After resolving the local congestion, we get the following solution.

Resource A3 DEC 9.75MW, 109.75-9.75 = 100MW

Resource A2 INC 9.75MW, 164.625+9.75=174.375MW

Resource A1 at 274.375MW

Shadow Price for OC = 7$/MW

Resource B1 at  151.25MW

In this example, there will be the following dispatch instructions:

For QSE A:

1) Provide 48.75MW balancing energy services in CM zone A;

2) Keep Category 2 resource A3 below the 100MW level;

3) Maintain the total net MW values of Category 1 resources A1 and A2 at 448.75MW (=274.375+174.375) in CM zone A (the 448.75MW can be allocated among resources A1 and A2 as QSE A desires).

For QSE B:

1) Provide 1.25MW balancing energy services in CM zone B;

2) Maintain the total net MW values of Category 1 resource B1 at 151.25MW in CM zone B (since QSE B only has one resource in zone B, QSE B will have to restrict resource B1 at the 151.25MW level).

�  ERCOT has the option to use only the current years data if its analysis indicates a significant change in market behavior since the previous year. 
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