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A Pilot Program on Resource Plan Performance Metrics
Introduction
Upon the request of ERCOT QSE Project Managers Working Group and PUCT, ERCOT has developed a pilot program for indices of resource plan performance to the market participants.  In this resource plan performance pilot program, the proposed framework covers the resource plan performance measurement in the ERCOT Day Ahead Process, Hour Ahead Period and Real Time Operations.

In this white paper, the first section overviews the role of resource plans in the ERCOT market. Section II defines the methodology being used in the Resource Plan Performance Measurement pilot program as well as the corresponding mathematical logic and examples. This section also includes the discussions of some critical parameters in resource plan performance metrics.  More feedback from market participants to fine tune these parameters is expected.  Section III summarizes this white paper.
I. Resource Plan Overview

Resource plans are provided by Qualified Scheduling Entity (QSE) to ERCOT to indicate the future status of their resources. ERCOT Protocols require that each QSE submit the most accurate resource plan with their best knowledge of generation and load forecast for the day ahead, and the resource plan needs to be updated whenever there is a planned status change for that resource. The resource plan of a QSE should be sufficient to accommodate the combined quantity of its energy and ancillary service obligations. 
ERCOT Operations relies on information in QSE resource plans to analyze system security and conduct market activities.   For example, the Replacement Reserve Market uses the resource plan to estimate the “on line” capacity of the market day to decide the procurement amount and location of replacement reserve to meet the system reliability needs of local congestion, zonal congestion and system capacity sufficiency. The real time Balancing Energy Market utilizes the resource plan information to estimate the resource status and the QSE’s capability in meeting it’s balancing and ancillary service obligations. At the same time, the resource-specific deployments used to resolve operational congestion are compensated based on resource plan. Real time system operations quality will depend on consistency between resource status and capability as submitted in the resource plan and the actual status and capability.
ERCOT Operations is concerned about the quality and accuracy of the resource plans received from some participants, given their critical role to both market and power system operations.  Under the portfolio bidding and scheduling market structure, QSE’s have difficulty obtaining accurate resource plan information because of the uncertainties associated with generation control and load forecast.  There are also time periods when updates to resource plans are not accepted by ERCOT’s market system. It is therefore a challenge to differentiate whether an inaccurate resource plan is caused by these inherent difficulties or by a market participant’s negligence or deliberate misrepresentation. The goal of this resource plan pilot program is to build a resource plan performance measuring mechanism that focuses on fundamental issues, but avoids uncertainties about the nature of inconsistencies.  The approach is also flexible to allow for future enhancement as needs or conditions change.
II. Resource Plan Performance Metrics
In this pilot program, the following measures are calculated on a monthly basis and, generally, the scores are measured by calculating the ratio between the occurrences of inconsistency and the total monthly samples.
1. Consistency between Resource Plan status and resource real time SCADA status

2. Consistency of Resource Plan Capability and Telemetry level 
3. Consistency between Zonal Energy Schedule and Zonal Aggregated Resource Plan Output Level
4. Consistency between Regulation Down Schedule and Resource Plan Capability

5. Consistency between Regulation Up/Responsive Schedule and Resource Plan Capability

6. Consistency between Non Spin Reserve Schedule and Resource Plan Capability

7. Resource Plan Monthly Overall Performance

1. Consistency between Resource Plan Status and Telemetry Status
It has been observed that the resource plan statuses submitted by some market participants are inconsistent with their actual statuses indicated by SCADA.  Occasionally resources are online while their submitted resource plan statuses indicate they are offline, or vice-versa.
One of the challenges in measuring this inconsistency is estimation of the resource status, since the resource plan status can be updated hourly while the resource actual output level and status can change during the hour.  ERCOT applies the following methods in RPPM calculation:

-Only telemetered resources are monitored (those with capability > 10 MW or providing ancillary services)
-Samples of resource telemetry are taken each 5 minutes, a total of 12 in an hour

- Telemetry values > 0.5 MW indicate that a resource is “on-line”; values <0.5 MW indicate “off line” status
-Resource plan MW level of 1 MW or greater is used to indicate that a unit is on-line, rather than the “on-line” status flag.  
-Each resource will be evaluated individually for violations, for every hour of the month, in obtaining the total score for the QSE.  The sum of all resource plan capacity violations during the month is subtracted from the number of possible occurrences (number of resources in resource plans multiplied by resource-hours in the month), and then evaluated as a percentage score.  
The following logic is used for checking online status of each monitored resource:
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The following formula is used for evaluating a resource with an “offline” status: 
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Where


[image: image3.wmf]t

L

 is the output level index of the resource for an assessment time period t.
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 is the violation index for an assessment time period t. “0” stands for no violation and “1” stands for violation.

t is the assessment time period (presently one hour, beginning at the start of the hour).

k represents the number of samples in an assessment time period (presently twelve samples per hour, or one every five minutes).
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 is the telemetry threshold value for verifying offline status, presently 0.5 MW
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 is the telemetry threshold value for verifying online status, presently 0.5 MW
Thus, for an example, if a resource plan for a certain operating hour shows a unit with an “on-line” status (and output level greater than 1 MW), and at least one of twelve telemetry samples during that hour is greater than 0.5 MW, then no violation exists.  If the same unit’s telemetered value never exceeds 0.5 MW for any of the twelve samples, then a violation occurs for that unit.  The total number of violations is calculated for each “on-line” unit in the resource plan in this fashion.  A similar calculation is used for each “off-line” unit.   Thus, each resource status in the plan, for each plan hour, is evaluated for the entire month.   Figure 1 shows the scores of the resource statuses of all generation entities in ERCOT in March 2003.
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Figure 1. The Measure of Resource Plan Status

2. Consistency between Resource Capability and Telemetry Level
The resource plan needs to accurately indicate available capacity between the submitted minimum and maximum capability. This measure looks for instances where resource outputs exceed their maximum capability specified in the resource plan.  It also flags as violations those instances where the resource plan maximum and minimum capability are the same for a resource.  The following logic checks whether the actual generation is over the maximum capability, for each applicable resource:
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Where:
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, t, and k have the same purposes as in the previous measure, and:
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 is the resource plan value for maximum capacity
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 is the resource plan value for minimum capacity 
Total score is calculated after summing the number of violations in each hour of the month, subtracting them from the number of possible occurrences, and expressing this as a percentage.  Figure 2 indicates the score of ERCOT QSE’s for March 2003.
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Figure 2. Consistency of Resource Capability and Telemetry Level
3. Consistency of Zonal Base Power Schedule and Zonal Aggregated Resource Plan Output Level (Day Ahead)
This measure compares zonal aggregated output level in the day-ahead resource plan to zonal base energy schedule.  Violations occur whenever the resource plan’s amount  differs by more than 0.1% of the zonal energy schedule in any congestion zone. This measure is calculated by the following logic:
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 is the resource plan output level index of a resource for a given hour,
Schedule is the QSE zonal base energy schedule for a given hour,
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Q

 is the violation index for an assessment time period t. “0” stands for no violation and “1” stands for violation,
n is the number of resources for a QSE in a zone,
q indicates a total measure for an individual QSE
t is the assessment time period (presently one hour), and

z  represents one of the possible congestion zones in which the QSE has resources.
Percentage score is calculated as previously.  Since this is calculated purely from day ahead documents, the resource plan and schedule, a total of 24 hourly validations are made for each day for each zone in which the QSE has resources, throughout the month.  Figure 3 shows an example score chart for ERCOT QSE’s in March 2003.
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Figure 3. The Measure of Zonal Energy Schedule

4. Consistency of Regulation Down Schedule and Resource Plan Capability
This measure reviews the Resource Plan Capability to check the preparedness of a QSE to meet its Regulation Down Schedule.  It subtracts balancing energy deployments and regulation down schedule from system-wide base energy schedule and compares the result to the summed minimum capability of resources in the resource plan.
Since regulation down schedule is scheduled and deployed system wide, this pilot program considers the performance of regulation down generation at portfolio level and it is measured as following from all the on-line resources:
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MinC is the resource plan minimum capacity for resources or aggregated for the QSE,

Sched is the QSE base energy schedule for a given interval, minus down balancing energy service deployments for that same interval, summed across all zones
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 is the violation index for an assessment time period t. “0” stands for no violation and “1” stands for violation,

q indicates a total measure for an individual QSE,

n is the number of “on line” resources for a QSE per the resource plan,

t is the assessment time period (presently one interval), and

z  represents the number of congestion zones in which the QSE has schedules for base energy or down balancing.

Total score for this measure is calculated after summing the intervals with a violation in each hour of the month, subtracting them from the number of possible occurrences, and expressing this as a percentage.  Figure 4 indicates the score of ERCOT QSE’s for March 2003.
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Figure 4. The Measure of Compliance of Regulation Down Resource
5. Consistency of Responsive Reserve Schedule and Resource Plan Capability

This measure checks to ensure that the resource plan indicates sufficient capacity to meet up regulation and responsive reserve schedules. It looks for consistency between the sum of system-wide schedules for base energy, regulation up,  and  responsive reserve, when compared to  system-wide Resource Plan Maximum Capability.  It includes any balancing energy deployments with the summation of schedules, and is measured at the time these deployments are issued for each interval.  It captures the number of occurrences that the Responsive Reserve or Reg Up Schedules cannot be accommodated. This measure can be approximated as following from all the on-line resources:
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Where:

MaxC is the resource plan maximum capacity for resources or aggregated for the QSE,

Sched is the QSE base energy schedule for a given interval, plus up balancing energy service deployments for that same interval, summed across all zones
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 is the violation index for an assessment time period t. “0” stands for no violation and “1” stands for violation,

RgUp is the QSE’s up regulation schedule for a given hour,

RRS is the QSE’s responsive reserve schedule for a given hour,

q indicates a total measure for an individual QSE,
n is the number of “on line” resources for a QSE per the resource plan,

t is the assessment time period (presently one interval), and

z  represents the number of congestion zones in which the QSE has schedules for base 
As previously, a score is derived from the percentage of intervals with inconsistencies removed from a possible 100% score.  Figure 5 shows sample results in March 2003.
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Figure 5. The Measure of Compliance of Responsive Reserve Schedule
6. Consistency of Non-Spin Schedule and Resource Plan Capability
This measure is identical to the measure of Responsive Reserve Schedule except that non-spinning reserve schedules are summed with the other schedules.  Note that non-spinning schedule can be provided by some offline resources.   This measure’s logic considers all the on-line resources and those offline resources that can provide non-spin reserve:
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Terms are identical to the fifth measure, with the addition of:

NSRS represents intervals with non-spinning reserve service awards
Calculation of score is the same as the measure above.  Sample results from March 2003 are shown in Figure 6 below.
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Figure 6. The Measure of Compliance of Non-Spinning Schedule
7. Resource Plan monthly Overall Performance
The overall score is simply the mean, unweighted average of the above 6 measures: 
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Figure 7. The Measure of Overall Compliance

III. Summary
This Resource Plan Performance pilot program sets up a fundamental framework to track the resource plan performance. Further improvement of the measure warrants the discussion and feedback on all aspects including market participants, regulators and system operators.

In this pilot program, some tolerance parameters can be adjusted in consideration of the difficulties associated with control and scheduling that may affect the results of the measures. The design of this pilot program allows it to be easily configured to incorporate such adjustments from market participants or the Public Utility Commission in the official resource plan performance measurement program.
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