DRAFT


Utilizing High-Set Load Shedding Schemes  (UHSLSS) to Replace Responsive Reserve Obligations (Spinning Reserves) Analysis

DRAFT STUDY SCOPE

Objective
The current ERCOT rule allows for 25% of the ERCOT 2300 MW Responsive Reserve Obligation, or 575 MW, of interruptible load tripped at 59.7 HZ to be substituted for responsive spinning reserve.  The objective of this study is to investigate how much of this limit can be increased without significant negative impacts on the ERCOT system. 

ROS assigned this study to the Dynamics Working Group to answer questions originally raised by the Retail Users Group. The Retail Users Group’s request suggested this limit could be increased by initiating the high set load tripping at 59.9 Hz and 59.8 Hz.  An investigation of the ERCOT frequency excursions for the period of January, 2000 through November, 2000 showed the frequency in ERCOT dropped below 59.9 Hz 107 times.  Further investigation will be needed to determine if 59.9 Hz is a viable option. The minimum frequency set point for high set loads will remain at 59.7 Hz as per the ERCOT Operating guides.  

Definition of 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, which is comprised of on-line and non-spinning reserves. Off-line must be available within 10 minutes.  On-line spinning reserve is unloaded generation, which is synchronized and ready to serve additional demand immediately.
Whenever generation is not in balance with the total demand, the electrical frequency of the entire interconnect will deviate from frequency at which the system was designed to operate – 60 Hz.  Of course, small load variations take place all the time, so frequency continuously deviates from 60 Hz.  However, these normal frequency deviations are quite small compared to those that occur following large disturbances and are not a source of concern.  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.
Moreover, during a system disturbance an interconnected system will have natural system oscillations.   The inertia of a system is directly related to the size (mass) of the generation units and the number of generators on line.    This condition is magnified in a system that is lightly loaded system with lower inertia.        

ERCOT uses the following Under Frequency Load Shedding (UFLS) as the method of last resort to keep the interconnected system operating.  

	Frequency 
	Load Relief

	59.3 Hz
	5% of  ERCOT Load

	58.9 Hz
	10% of ERCOT Load

	58.5 Hz
	10% of ERCOT Load


ERCOT Background Information: 
The Electric Reliability Council of Texas (ERCOT) is one of 10 Regional Reliability Councils in the North American Electric Reliability Council (NERC) Organization. ERCOT represents a bulk electric system located totally within the State of Texas and serves about 85% of the state's electrical load. It has a generating capability of about 56,000 Megawatts and experienced a 1999 summer peak demand of about 54,900 Megawatts. Because of its intrastate status, the primary regulatory authority for ERCOT utilities is the Public Utilities Council of Texas (PUCT). The Federal Energy Regulatory Commission exercises limited authority. ERCOT membership currently consists of nine Cooperatives and River Authorities, six Municipals owning generation or transmission, four Investor Owned Utilities, four Independent Power Producers, 26 Power Marketers, and nine Transmission Dependent Utilities.

ERCOT is comprised of over 400 generators (including four nuclear units) and 42,500 miles of transmission lines at 69 kV, 138 kV, and 345 kV.   New power producers have made a public commitment for the construction of over 12,000 MW's of new generation:  much of this new capacity is under construction, and ERCOT requires new generators to install power system stabilizers.  There are also a number of 345 kV transmission projects already under, or planned for, construction.

Model and Data

Study will use PTI software and models. The PTI models and data used by the DWG do not include models of the boiler. Therefore, 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.
The load model in this study will include both voltage and frequency sensitive components. The voltage sensitive component will use the model developed by UTA. An appropriate PTI frequency dependent load model will be selected for use in these studies. 

Study will use the most recently updated SSTF load flow cases for Spring and Summer 2002 and the most recently updated DWG dynamics data. The loads in the SSWG cases will be used as is without scaling them to match the actual ERCOT loads on any given day.
Study Approach
 This study will compare the effects of replacing increasing amounts of responsive spinning reserve with hi-set interruptible loads set to trip by automatic relays with a time delay of not more than 20 cycles. 
Performance will be evaluated for the loss of up to 2300 MW of generation. 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. 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 the dynamic simulation period.

1. Task 1: Modify generation schedule in the SSWG cases to model the current 2300 MW ERCOT Spinning Reserve rule. 
a.  Base Case  – 100% of spinning reserves as “real” generation. 

b. Case 1 – Use High-Set Load Shedding Schemes  (HSLSS) to replace 25% of the Spinning Reserve. 

c. Case 2 – Use High-Set Load Shedding Schemes  (HSLSS) to replace 50% of the Spinning Reserve.

d. Case 3 – Use High-Set Load Shedding Schemes  (HSLSS) to replace 75% of Spinning Reserve.  

e. Case 4 – Use High-Set Load Shedding Schemes  (HSLSS) to replace 100% of the Spinning Reserve. 

2. Task 2:Add/Modify High-Set load models in the study for each scenario studied. Placement of Replacement Reserve Service (RRS) will:  
a. Trip level to be set at 59.7 Hz for 20 cycles.
b. Trip level to be set at 59.8 Hz for 20 cycles.
c. Trip level to be set at 59.9 Hz for 20 cycles.
i. Load RRS to be selected using a non-bias approach based on size and location. 

ii. Load Shedding requirement for each case. 

d. Sensitivity study for selection of major of RRS in one area. 

i. Houston area - H

ii. DFW area - D

iii. Austin area - A

iv. West Texas area - W

	
	Case 1 - 25%
	Case 2 -50%
	Case 3 -75%
	Case 4 -100%

	Level a: 59.7
	A1
	A2
	A3
	A4

	Level b:

59.8
	B1
	B2
	B3
	B4

	Level c:

59.9
	C1
	C2
	C3
	C4


3. Task 3: Perform scenarios studies – modeled as currently planned 

a. Outages used for the UFLS study will be used for this study.

b. Compile frequency data and number of relay operations. 

c. Sort case information same as UFLS studies  for the scenarios. 
4.  Task 4: Working group members write report and recommendations.

Criteria for Acceptance

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

· No abnormal system conditions leading to cascading outages and system collapse.

· No firm load will be shed. To ensure this the minimum allowable frequency in the study will be shed for that stage. (Stages are 59. 7 Hz , 59.8 Hz and 59.9 Hz)

· Maximum frequency deviation based on ANSI/IEEE Standard C37.106-1987, Guide for Abnormal Frequency Protection for Power Generating Plants.  
Estimated Cost and 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. This group will set up, run, and perform a preliminary review of the studies. The study group will require about 4 people and 12 days (384 man-hours) to set up and run the studies. The group will meet about four times for about 3 days each time. The actual time required is difficult to estimate and the study group will modify the plan, as circumstances require. Following completion of the studies the group will write a draft report summarizing the results. Writing the draft report will take an additional man month (160 man-hours). The study group will send the draft report to the DWG for review and comment. A final report will be completed following this review. 
The completed study will be sent to the ROS by January 31, 2002.
ERCOT Protocols in Regards to Responsive Reserve Service 

6.1.4
Responsive Reserve Service

As provided by ERCOT to the QSEs: Operating reserves ERCOT maintains to restore the frequency of the ERCOT System within the first few minutes of an event that causes a significant deviation from the standard frequency. Furthermore, Responsive Reserve Service provides reserved Resources that are deployed for the Operating Hour in compliance with these Protocols in response to loss-of-Resource contingencies on the ERCOT System.

As provided by a QSE to ERCOT: The provision of capacity by unloaded Generation Resources that are on line, Resources controlled by high set under-frequency relays or from Direct Current (DC) tie response.  The DC tie response must be fully deployed within fifteen (15) seconds on the ERCOT System.  

6.1.5
Non-Spinning Reserve Service

As provided by ERCOT to the QSEs: Reserves maintained by ERCOT, that are deployed for the Operating Hour in response to loss-of-Resource contingencies on the ERCOT System. 

As provided by a QSE to ERCOT: Off-line Generation Resource capacity, or reserved capacity from on-line Generation Resources, capable of being ramped to a specified output level within thirty (30) minutes or Loads acting as a Resource that are capable of being interrupted within thirty (30) minutes and that are capable of running (or being interrupted) at a specified output level for at least one (1) hour.

6.1.6
Replacement Reserve Service

As provided by ERCOT to the QSEs: The instruction, by ERCOT, for the deployment of Loads or non-synchronized Generation Resources in order to make available additional Balancing Energy Service.

As provided by a QSE to ERCOT: A Resource capable of providing additional Balancing Energy Service to ERCOT when deployed. 

6.2.2 Ancillary Services Provided in Part by ERCOT and in Part by Qualified Scheduling Entities

Each QSE may self-arrange its obligation assigned by ERCOT for each of the following Ancillary Services:  Regulation Up, Regulation Down, Responsive Reserve, and Non-Spinning Reserve. Any of the Ancillary Services that are not self-arranged will be procured as a service by ERCOT on behalf of the QSEs.

Loads acting as Resources qualified to provide Responsive Reserve, Non-Spinning Reserve, or Replacement Reserve Services may also be used by ERCOT to provide Balancing Energy under the OOME instructions and pricing structure. ERCOT shall not use Loads qualified to provide only Balancing Up Load Service under the OOME instructions and pricing structure.  

2.6.2
Responsive Reserve

2.6.2.1 Obligation

The ERCOT Responsive Reserve Obligation is 2300 MW.

2.6.2.2 Allocation Of Obligation

The daily Responsive Reserve Obligations will be available on the Operating Reserve Display on the ERCOT information system. The allocation of the Responsive Reserve Obligation (RRO) between Load Entities will be based on Section 6.3.1 of the Protocols.

2.6.2.3 Types Of Responsive Reserve

REFERENCE PROTOCOLS SECTION 6.5.4 (1)

RESPONSIVE RESERVE SERVICE (RRS) MAY BE PROVIDED BY:  (A) UNLOADED GENERATION RESOURCES THAT ARE ON-LINE, (B) RESOURCES CONTROLLED BY HIGH-SET UNDER-FREQUENCY RELAYS, (C) HYDRO RESPONSIVE RESERVES, OR, (D) FROM DC TIE RESPONSE THAT STOPS FREQUENCY DECAY.  THE MINIMUM AMOUNT OF RRS PROVIDED BY GENERATION RESOURCES SHALL BE AS SPECIFIED IN THE OPERATING GUIDES. QSE’S GENERATION RESOURCES PROVIDING RRS MUST BE ON-LINE AND CAPABLE OF RAMPING TO THE AWARDED OUTPUT LEVEL WITHIN TEN (10) MINUTES OF THE NOTICE TO DEPLOY ENERGY, MUST BE IMMEDIATELY RESPONSIVE TO SYSTEM FREQUENCY, AND MUST BE ABLE TO MAINTAIN THE SCHEDULED LEVEL FOR THE PERIOD OF SERVICE COMMITMENT. THE AMOUNT OF RRS ON AN INDIVIDUAL GENERATION RESOURCE MAY BE FURTHER LIMITED BY REQUIREMENTS OF THE OPERATING GUIDES.

Responsive reserves provided by a QSE shall meet the following requirements:

1. In no case shall more than 20% of the Net Dependable Capability for any thermal unit be used as Responsive Reserve.

2. In no case shall more than 20% of the Net Dependable Capability for any hydro unit with a 5% droop setting operating as a generator is used as Responsive Reserve.

Interruptible Responsive Reserve

REFERENCE PROTOCOLS SECTION 6.5.4 (2, (5) AND (8) 

A QSE’S LOAD ACTING AS A RESOURCE MUST BE LOADED AND CAPABLE OF UNLOADING THE SCHEDULED AMOUNT OF RRS WITHIN TEN (10) MINUTES OF INSTRUCTION BY ERCOT AND BY ACTION OF UNDERFREQUENCY RELAYS AS SPECIFIED BY THE OPERATING GUIDES.

LOADS ACTING AS A RESOURCE PROVIDING RRS MUST PROVIDE A TELEMETERED OUTPUT SIGNAL, INCLUDING BREAKER STATUS AND STATUS OF THE UNDER-FREQUENCY RELAY.

THE AMOUNT OF RESOURCES ON HIGH-SET UNDER-FREQUENCY RELAYS PROVIDING RRS WILL BE LIMITED AS PRESCRIBED IN THE OPERATING GUIDES.  

Interruptible Load controlled by under-frequency relays for automatic interruption may be designated as Interruptible Responsive Reserve.   

To qualify as Interruptible Responsive Reserve, the load shall:

· Be interrupted by automatic operation of the under-frequency relay(s) set to initiate the interruption whenever system frequency reaches a specific value.  The initiation setting of the relay shall not be any lower than 59.7 Hz.;

· Be interrupted within 20 cycles of the time that frequency decays to a value low enough to initiate action of the under-frequency relay(s);

· Be telemetered to the Control Area Authority with a real-time signal of total interruptible load on high-set under-frequency relays;

· Remain interrupted until replaced by other net dependable capability.  In no case may load interrupted be restored to service without the approval of the ERCOT operator;

· Be subject to verification as described in Appendix A

DC Tie Responsive Reserve

A DC tie may be used as Responsive Spinning Reserve up to 30 MW subject to the following constraints:

· The tie shall respond with increased deliveries to ERCOT or decreased deliveries from ERCOT at an ERCOT frequency of 59.9 Hz;

· The response rate will not be less than 30 MW per minute;

· The response delay will not exceed 4 seconds;

· The response will be retained until the ERCOT frequency has recovered to a level at or above 60.0 Hz or as directed by the Control Area Authority;

· A QSE claiming DC Tie responsive reserve service must demonstrate the existence of contracts agreeing to provide the required response with the DC Tie operator;

· A QSE claiming DC Tie responsive reserve service must have agreement with the Control Area on the opposite side of the DC Tie involved approving the amount and conditions.

Hydro Responsive Reserve

Hydro Unit(s) operating in the synchronous condenser fast response mode may be designated as Hydro Responsive Reserve provided that:

· Only the amount of a hydro unit's demonstrated 10 second response may be used as Responsive Reserve subject to verification as described in section 6.10;

· Automatic controls using the "fast response" mode must be in operation to initiate a move to the generating mode.  The initiation setting of the automatic controls shall not be any lower than 59.9 Hz and the unit must be generating within four (4) seconds of the set relay operation;

· A real time signal of the MW output of hydro units being operated in the synchronous condenser fast response mode is telemetered to the ERCOT.

2.6.2.4 Distribution Of Responsive Reserve

REFERENCE PROTOCOLS SECTION 6.5.4.8, JANUARY 5, 2001

THE AMOUNT OF RESOURCES ON HIGH-SET UNDER-FREQUENCY RELAYS PROVIDING RRS WILL BE LIMITED AS PRESCRIBED IN THE OPERATING GUIDES.  

The Interruptible Responsive Reserve included in ERCOT total Responsive Reserve Obligation shall not exceed 25%.  
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