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1.0 Objective

The current ERCOT rule allows for 50% of the ERCOT 2300 MW Responsive Reserve Service (RRS) Obligation, or 1150 MW, of Loads Acting as a Resource (LaaRs) tripped at 59.7 HZ to be substituted for responsive spinning reserve.  The general objective of this engineering study is to analyze the system behavior when both the responsive reserve level and the percentage of LaaR tripping change.

ROS assigned this study to the Dynamics Working Group (DWG) to answer questions originally raised by the Long Term Solutions Task Force (LTSTF). The LTSTF asked whether reliability concerns would be raised by increasing LaaRs, based upon new RRS obligations of 2500MW and 2700MW.  Further, the LTSTF asked how much higher a LaaR maximum limit is possible if frequency tiered deployment were considered.  The minimum frequency set point for high set loads will remain at 59.7 Hz as per the ERCOT Operating guides.  In October 2007, TAC approved a proposal to change the RRS obligation from the current 2300 MW to 2800 MW.  To factor TAC’s directive into the study while minimizing the study time, ROS limited DWG’s study to a new RRS obligation of 2800 MW.  

Accordingly, the specific objective of this study is to perform analysis of 2800 MW RRS obligation (in comparison with the current 2300MW) with the maximum LaaRs kept at 50% and all LaaRs on under frequency relays (UFR) set to trip at 59.7Hz, to determine if reliability concerns are raised.  A second phase of the study will investigate whether LaaRs can be increased to 75% of 2800 MW RRS obligation allowing load tripping at frequency tiers above 59.7 Hz.
Although the DWG cannot make the determination of what the Responsive Reserve level should be without definitive criteria set by the ROS, it can perform analysis that will support a decision by the ROS.  Likewise it can analyze the relative impacts of various amounts of LaaRs.

2.0 Background - Generation Spinning Reserves and Concerns 

The total generating capacity in a power system must be sufficient to supply the expected peak load demand plus a margin for reserves.  This planning reserve is necessary to allow for forced outages.  On a daily basis a system must carry operating reserves to regulate and to allow for unanticipated events, including forced outages and load forecast errors.  Operating reserves are comprised of spinning reserves, non-spinning reserves, LaaRs, and DC tie-line response. Responsive Reserves are a subset of operating reserves which ERCOT maintains to restore system frequency within the first few minutes of an event.  The focus of this study is the effect on the system response during the first 15 seconds following an event of varying two components of Responsive Reserves; spinning reserves and LaaRs. Spinning reserves are unloaded generation, which is synchronized and immediately responds to frequency changes.  LaaRs are loads that are tripped within 30 cycles for system frequencies at or below 59.7 Hz.
 Whenever generation is not in balance with the total demand, the electrical frequency of the entire interconnect will deviate from the frequency at which the system was designed to operate – 60 Hz.  Small load variations take place all the time, so frequency continuously deviates from 60 Hz.  These smaller variations in frequency are covered by regulating reserve which is made up of the portion of spinning reserve responsive to automatic generation control.  These normal frequency deviations are quite small compared to those that occur following large disturbances. Additionally, an interconnected system will have natural system oscillations following a system disturbance.  This oscillatory condition is normally damped in a large system but damped to a lesser extent, or even unstable, in a lightly loaded system with lower inertia (The inertia of a system is directly related to the sum of the size (mass) of all on-line synchronous generation units.)      

The ERCOT Operating Guides, Section 2.9 provides that at least 25% of the ERCOT System Load that is not equipped with high-set under-frequency relays shall be equipped at all times with provisions for automatic under-frequency load shedding.  The under-frequency relays shall be set to provide load relief as follows:

	Frequency Threshold
	Load Relief

	59.3 Hz
	5% of the ERCOT System Load

(Total 5%)

	58.9 Hz
	An additional 10% of the ERCOT System Load

(Total 15%)

	58.5 Hz
	An additional 10% of the ERCOT System Load

(Total 25%)


The ERCOT Operating Guides, Section 2.9, also provides that if under-frequency relays are installed on generating units, these relays shall be set such that the automatic removal of individual generating units from the ERCOT System meet the following requirements:

	Frequency Range
	Delay to Trip

	Above 59.4 Hz
	No automatic tripping

(Continuous operation)

	Above 58.4 Hz up to

And including 59.4 Hz
	Not less than 9 minutes

	Above 58.0 Hz up to

And including 58.4 Hz
	Not less than 30 seconds

	Above 57.5 Hz up to

And including 58.0 Hz
	Not less than 2 seconds

	57.5 Hz or below
	No time delay required


3.0 Study Approach

This study will compare the effects of replacing 50% of 2300MW and 2800MW of RRS obligation with LaaRs set to trip by automatic UFR with a total time delay of not more than 30 cycles.  System frequency performance will be evaluated without LaaRs and with 50% LaaRs.  A second phase of the study will explore higher LaaR percentages tripped at frequencies above 59.7 Hz.  Performance will be evaluated for the loss of generation, as selected by the study group.  The study group will make a determination on the necessity to simulate fault conditions that normally precede loss of generation.  The study will monitor frequency, bus voltage, rotor angles, speed, generator megawatts, generator mega-vars, generator terminal voltage, exciter field voltage, and area total load and generation, as appropriate. Study will also scan for any out of step conditions. A solved load-flow case will be saved and examined for abnormal network conditions at the end of each dynamic simulation period.

4.0  Tools To Be Used

The primary software tool to be used will be: PSS/E version 30 (Power Systems Simulator for Engineering) -- software package used for case development of load flow and dynamics data set.   PSS/E data format is the ERCOT standard format for data exchange.   

In addition, the study team may use other software, including Powertech’s Dynamics Security Analysis, if the study team determines that it is beneficial to do so.
5.0 Base Case Data and Models
Study will use primarily PTI software and models. The period of the simulation will be limited to approximately 15 seconds. This time frame corresponds closely to the “A,B,C” time points in the Performance Disturbance Compliance Working Group (PDCWG) disturbance reports.  This may be extended somewhat to capture the behavior of units with slow response, or outer-loop MW control.
The load model in this study will include both voltage and frequency sensitive components. The study team will develop an appropriate voltage sensitive component. An appropriate frequency dependent load model will also be developed for use in these studies, based upon load response data. 

Study will use the most recently updated SSWG load flow cases for Spring and Summer 2008 and the most recently updated DWG dynamics data, with the recently developed combined cycle models. The study team may seek additional data from DWG members if needed for the flat start activities.  The loads in the SSWG cases will be used as is without scaling them to match the actual ERCOT loads on any given day.
A.) 2008 Data Set A Summer on-peak load flow.  

· Modify spinning reserve to get 50% of 2300 MW
· Flat start the case.
· Modify spinning reserve to get 50% of 2800MW 
B.) 2008 dynamics data, with the new combined cycle models. 

· Supplement data from DWG members if needed
C.) LaaRs data

· Base data for existing LaaR will be provided by ERCOT, adjusted for 50% of total spinning reserve under study (2300 MW and 2800 MW)
· Future studies may use geographically dispersed LaaRs.

D.) 2008 Data Set A Spring off -peak load flow.

· Similar to the Summer-on-peak case (steps A, B, C above), modify spinning reserve and LaaRs as needed for scenario under study.
6.0 Criteria for Acceptance

If any scenario studied fails to meet all of the following criteria, it will be considered unacceptable.

A.) No abnormal system conditions leading to cascading outages and system collapse.

B.) Firm load shed.  It is possible that some of the loss of generation contingencies studied might lead to under frequency load shed (UFLS), particularly for the Spring off-peak case.  

C.) Maximum frequency deviation will be based on the ERCOT Operating Guides, Section 2.9.  

7.0 Tasks  

The following tasks outline in general, how the study will proceed.  This is subject to change by the study team.
Task 1: Initial Cases Flat Start

A.) Flat start the 2008 Summer on-peak SSWG case, including the recently developed combined cycle models.
B.) Flat start the 2008 Spring off-peak SSWG case, including the recently developed combined cycle models.
Task 2: Governor Model Preparation
A.) Select participating generator units for 2300 MW and 2800 MW RRS spinning reserve (consider using participating units during a recent frequency event for which recorded data is available).
B.) DYR file preparation.

i.) Use the 2008 Summer and Spring Flat Start DYR files as a basis.

ii.) Remove governor models from all units not participating in RRS.

iii.) Use IEESGO governor model for all participating non-combined cycle units. 

C.) Get unit response data for all participating units corresponding to actual event

i.) Frequency drop event

ii.) Forney event (if deemed necessary)
iii.) Gibbons Creek event (if deemed necessary)
D.) Tune Governor Models of Participating Units

i.) Model each unit isolated via single unit-single load system.
ii.) Simulate event(s) by appropriate load step increases.

iii.) Compare unit actual event frequency response to simulation results.

iv.) Tune governor models such that frequency response in simulation approximates actual event frequency response.
Task 3: Load Model Preparation (concurrent with Tasks 1-2)

A.) Build if applicable, frequency-sensitive and voltage-sensitive load model

B.) Prepare LaaRs data for existing LaaR (by ERCOT)

C.) Prepare LaaRs generic data for modeling 50% of RRS for 2800 MW RRS scenario.

Task 4: Case Flat Starts
A.) Flat start Task 1.A case with tuned governor models, 2300 MW RRS, no LaaRs.

B.) Flat start Task 1.A case with tuned governor models, 2300 MW RRS, 50% LaaRs.
C.) Flat start Task 1.B case with tuned governor models, 2800 MW RRS, no LaaRs.
D.) Flat start Task 1.B case with tuned governor models, 2800 MW RRS, 50% LaaRs.
E.) Perform activities for wind sensitivity analysis using Task 4.D case.
i.) Decide on whether full wind models will be used OR to only monitor voltage and frequency at the wind plant buses.
ii.) If full wind models will be used, flat start the Task 4.D case with wind models.

Task 5: Determine Events to Simulate (concurrent with Tasks 1-4)
A.) Determine the necessity to simulate fault conditions.

B.) Determine generating units to trip

i.) South Texas Project

ii.) Comanche Peak
Task 6: Make Dynamic Runs
A.) To be done by ERCOT
B.) Spring off-peak and Summer on-peak base cases

C.) Two scenarios of max. spinning reserve: 2300MW and 2800MW
D.) No LaaRs and 50% LaaRs tripped at 59.7 Hz.
Task 7: Assess The Effect of Wind Power Plants 

A.) If full wind models are used, compare simulation results from Task 4D and Task 4E cases.

B.) If full wind models are not used, examine voltage and frequency at wind plant buses.

C.) As necessary, repeat Task 6 dynamic runs to include the effects of loss of wind plants following event(s).

Task 8: Find LaaRs level thresholds

As needed, repeat dynamic runs for varying levels of LaaRs for 2300 MW and 2800 MW RRS.  Include wind power plant effects if necessary.
Task 9: Development And Delivery Of Draft Report

A.) To be done by DWG study group.

B.) Review by full Dynamics Working Group.

C.) Present to ROS and LTSTF for review.

D.) Incorporate ROS and LTSTF comments.

E.) Present Phase One report to ROS.
Task 10: Phase Two: Study Tiered Frequency Options that would allow higher % LaaR Values
A.) Determine frequency tiers and percentages to run (proposed frequency tiers at 59.7 Hz, 59.8 Hz, and 59.9 Hz).
B.) Rerun studies with frequency tier options
C.) Determine how to perform sensitivity analysis to help gauge future performance beyond 2008, and the time frame for additional required studies

D.) Modify report results.

E.) Present Phase Two report to ROS.

8.0 Project Deliverables

Report to the ROS will include supporting information for a ROS decision on RRS obligation levels.  The DWG cannot make a recommendation without definitive criteria from ROS for such a decision.  The DWG will, however, make recommendations for the percentage of RRS that can be LaaRs, at each RRS level studied.
9.0 Estimated Timeline

This study will require each working group member’s time. It will also require the formation of a study group made up of working group members who will have to commit a much larger amount of time to the studies. For both phases of the study, this group will set up, run, and perform a preliminary review of the studies. The study group will require about 4 people to set up and run the studies. Following completion of both phases of the studies, the study group will write a draft report summarizing the results. The study group will send the draft reports to the DWG for review and comment. Final reports will be completed following the reviews.  Although the actual time required to perform the studies and generate the final reports is difficult to assess, an estimate of the study timeline is provided below.
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� Modified February 2008 in accordance with the ROS directive to study only a single RRS level per the TAC approved proposal to set the new RRS level at 2800 MW.





