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Executive Summary
ERCOT had conducted numerous dynamic studies as a part of Future Ancillary Service discussion and as a part of preparation for implementation of NERC BAL-003-1. The dynamic studies were conducted to align Responsive Reserve Service requirements with the system conditions observed throughout the year. Beginning June, 2015, ERCOT went from procuring 2300 MW of RRS for all hours of the year (excluding 500 MW transfer from Non-Spin to RRS for market reasons) to dynamically procuring different quantities of RRS based on historical system inertia. During these studies and discussions on Future Ancillary Service, it was identified that there should be a minimum requirement on the portion of RRS from generators to respond to frequency events where Load Resources (LR) are not triggered. The minimum quantities of generation RRS was determined based on ERCOT’s Frequency Response Obligation (FRO) assigned by NERC and our studies have demonstrated that as long as the minimum PFR requirement is met, the 50% limit on LRs is not required. 

In 2008-2009 frequency overshoot dynamic studies, the highest LRs percentage of 2800 MW RRS obligation, that can be tripped at 59.7 Hz, was determined to be 60%, i.e., the frequency overshoot resulting from the tripping of the LRs was less than 60.4 Hz. The actual criteria for any such overshoot limit on the frequency side would be at a minimum 60.6 Hz. The study concluded that the maximum amount that can contribute is 60% of 2800 MW RRS obligation. 

NPRR 815 was recently filed and as a part of that discussion ERCOT performed a RRS study to examine the need of 50% limit on LRs. According to the ERCOT Nodal Operating Guide, generators should not automatically trip (continuous operation) if the frequency is below 60.6 Hz and above 59.4 Hz. This gives the frequency performance criterion used in the 2008-2009 study a margin of 0.2 Hz. Another key assumption used for the 2008-2009 study is that only the governor responses for those generators providing RRS were activated while the rest was disabled. Although this model helped to simulate the frequency response for under-frequency events, it didn’t properly replicate the behavior of the generators for over-frequency events. For over-frequency events, Nodal operation guidelines require all on-line generators (excluding nuclear and some wind generators) to provide governor response with a 5% droop. 

The objective of this RRS study was to examine the need of the existing LR maximum limit (50%) when the over-frequency caused by deployment of LRs is considered.

The conclusions from this RRS study are:

Given the minimum requirement set for the RRS provided from generators (1150 MW), the LRs can reliably provide the remainder with acceptable frequency overshoot less than 60.6 Hz.  

 Up to 59% of RRS can come from LRs in 2017 if the 50% limit on the maximum amount of LRs providing RRS is removed and generators provide 1150 MW RRS obligation. The 59% limit on load resources after removal of 50% is based on minimum Primary Frequency based RRS (Gen RRS) required from Generators.
Additional studies conducted based on the request from joint DWG and PDWCG meeting shows that, at least 4095 MW LRs need to be tripped, to cause the frequency of post LRs activation to reach 60.6 Hz, when the system inertia is 100 GW*s.

This report briefly summarizes the study steps, dynamic models, key simulation results, and conclusions for this RRS study. Transient Stability Analysis Tool (TSAT) software was used for all dynamic simulations. 

Current RRS Studies

A major revision to determine the minimum RRS requirement was made for 2015, in which the RRS requirement was aligned with the system inertia. The following reviews the representative cases selected for a wide range of inertia conditions and the corresponding dynamic study.

Case Selection

System inertia is a key factor in determining how much RRS is needed and it varies with different net-load levels. One-year historical operation data (2013-2014) was used to cluster system inertia into ten representative net-load levels ranging from 15 GW to 65 GW, as shown in Fig. 1. At each net-load range, the medium inertia condition is selected as the representative condition to be studied and the corresponding real-time TSAT case was retrieved for dynamic simulations. Apart from the ten cases, three extreme cases, the maximum and two minimum inertia conditions, were also chosen. In total, thirteen cases are selected for representing the full range of system inertia conditions for RRS studies.

The minimum inertia conditions case (case1 with inertia at 100GW*s) simulates an extremely low inertia operation condition for high-wind and low-load operation. Case1
 was built from the previous lowest inertia case (case2) by decreasing loads and turning off some of the existing on-line synchronous generators.      
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Fig. 1. Thirteen cases with different system inertia

Study Methodology to Determine Minimum Requirement of RRS

Dynamic simulations were performed for each of the thirteen inertia conditions to identify the minimum RRS requirement. The study results are summarized in Table I. For each case, the key assumptions and steps are:

Assume only generators required to carry minimum PFR (1150 MW) to have active governors. The total minimum PFR obligation was distributed among 14 - 26 different online coal and gas units selected. Coal units carried approximately 30% of the minimum PFR and the rest came from gas units. 

Trip 2750 MW of generation instantaneously.

Identify the minimum amount of LRs combined with predetermined minimum amount of PFR (1150 MW) to ensure frequency nadir remains at/or above 59.40 Hz. The first-stage triggering frequency of under-frequency load shedding (UFLS) relay is 59.3 Hz. 

It is worth mentioning that the steps above are suitably designed for studying unit-trip type events to determine the minimum quantities of RRS.

Table I. RRS Requirement for different Inertia Conditions
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Frequency Overshoot Study

This section provides a high-level description of the methodologies, steps and results to revise the limit of LRs providing RRS.

1. Limit of LRs Providing RRS

The high frequency overshoot is considered as a reliability concern as it may lead to a cascading effect by tripping other generator off-normal protections. In 2008, ERCOT performed a study and identified up to 60 % of 2800 MW RRS obligation can be provided by LRs without causing the post-contingency frequency greater than 60.4 Hz. 

2. Revise 50% Limit 

In 2008-2009 study, it was assumed that only a limited number of governors were active for both under-frequency and over-frequency conditions. However, for an over-frequency event, as required by NERC BAL-TRE-001 standard and ERCOT Nodal Protocols and Operating Guides, all online generators (excluding nuclear and some wind generators) must have their governors active and must provide governor response, including wind generation resources. Therefore, to study frequency overshoot, it is important to more realistically represent the system with governor response from all online generators to determine limits on LRs providing RRS. 

Study Methodology

The magnitude of frequency overshoot depends on the amount of LRs activated and the system inertia level. To study the frequency overshoot as a result of deployment of LRs, the lowest inertia case (100 GW*s) was used as it represents the worst conditions. Detailed information of the case is summarized in table II below. This TSAT case was adopted from a previous operation condition on 3/31/ 2014 2:13 am (case 2) by turning off more generators to simulate an extremely low inertia condition. All governor models of online generators are included in the dynamic simulation, including an estimated response from wind generation resources. The details for the study are briefly provided as follows.

Table II. Case Summary

	Inertia
	Load
	Wind
	PFR Needed
	LRs Needed

	100GW*s
	24.4GW
	9.7GW
	1150MW
	2638MW


Base on the Nodal 2.6.2, if over-frequency relays are installed for generators, these relays shall be set such that the automatic removal of individual Generation Resources from the ERCOT System meets the following requirements, as show in Table III. From Table III below, the reliability criterion for this study is chosen such as the frequency overshoot does not exceed 60.6 Hz.

Table III. Relay Setting for Generator Resources

	Frequency Range
	Delay to Trip

	Below 60.6 Hz down to and including 60 Hz
	No automatic tripping (Continuous operation)

	Below 61.6 Hz down to and including 60.6 Hz
	Not less than 9 minutes

	Below 61.8 Hz down to and including 61.6 Hz
	Not less than 30 seconds

	61.8 Hz or above
	No time delay required


LRs modeling:  The modeling assumptions for LRs settings are summarized in table IV. 

Table IV. LRs Settings

	Location of LRs
	Relay Trip Frequency
	Relay Delay
	Breaker Action Time

	Cross ERCOT Region
	All @ 59.7Hz
	0.333 Seconds
	0.083 Seconds


Study Setup: To study the most severe frequency overshoot at this low inertia condition, the first key step is to identify the minimum amount of generation loss which could cause the system frequency to drop below 59.7Hz, at which point all the LRs could be tripped simultaneously. In this step, no LRs have been included. The minimum amount of the generation loss is identified as 985 MW and the corresponding frequency response resulting from loss of 985 MW generation is shown in Fig.2. 
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Fig. 2. Frequency Response for loss of 985 MW Generation

Wind Generation Resources’ Governor Response Modeling: In the TSAT case, the governor response of wind generation resources (WGRs) are modeled as aggregate by estimation. It is assumed that 80% of on-line WGRs provide governor response with 5% droop settings. One example to illustrate the process to estimate the aggregate governor response from WGRs is explained as follows.

Without the governor response from WGRs (baseline), the highest frequency overshoot post LRs activation when tripping the loss of 985 MW generation is 60.3734 Hz.  

A frequency deviation of 0.3564 Hz (60.3734-60-0.017=0.3564 Hz, 0.017Hz is the dead-band of governors as required by Protocol) could result in a 0.1188 p.u. (0.3564 Hz/60 Hz/5%) change in the output of WGRs.

The total HSL of WGRs is 9700 MW (since no curtailment is assumed, this is also the total output of WGRs at the ERCOT aggregate level).

Assume that 80% of on-line WGRs will respond to this over-frequency.

The estimated aggregated governor response of WGRs to this frequency overshoot is 9700*80%*0.1188=922 MW.

The estimated 922 MW of governor response from WGRs will be included in the baseline case to simulate the more realistic system frequency response.

4. Worst Case Frequency Overshoot Study

For the lowest inertia case (case 1), three levels of LRs (2200 MW, 2400 MW and 2638 MW) are assumed to provide RRS. In each of these three scenarios, the governors of all on-line generators are included. The governor response from WGRs is estimated to be 922 MW as explained previously. 

Fig.3. shows the frequency responses for the three scenarios when a 985 MW generation is lost and the simulation results are also summarized in Table V.  

Table V. Over-Frequency Overshoot Summary

	
	LRs tripped
	Highest Frequency Overshoot 

	Scenario 1
	2200 MW
	60.17 Hz

	Scenario 2
	2400 MW
	60.23 Hz

	Scenario 3
	2638 MW
	60.30Hz
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Fig.3. Frequency Overshoot

It can be clearly seen that at this lowest inertia scenario, the activation of 2638 MW LRs caused by the loss of 985 MW generation will not result in a post transient frequency greater than 60.3 Hz. Thus, this study does not show any overshoot concerns for 2638 MW of LRs responding at 59.70 Hz. This conclusion is conservative from two aspects.

The lowest system inertia in 2016 is 142 GW*s.

The generators should continuously operate (i.e. no tripping) if the frequency is less than 60.6 Hz.

5. Identify Maximum Amount of LRs to reach 60.60 Hz Overshoot

The maximum amount of LRs should ensure frequency overshoot not to exceed 60.6 Hz post LRs activation. The lowest inertia case (case1) is used for this study. When frequency overshoot reaches 60.6Hz, total wind governor response can be estimated as follows.

With a frequency overshoot at 60.6Hz post LRs activation when tripping the loss of 985 MW generation, the frequency deviation is 60.60-60-0.017=0.583 Hz (0.017Hz is the dead-band of governors as required by Protocol).  

A frequency deviation of 0.583 Hz could result in a 0.19433 p.u. (0.583 Hz/60 Hz/5%) change in the output of WGRs.

The total HSL of WGRs is 9700 MW (since no curtailment is assumed, this is also the total output of WGRs at the ERCOT aggregate level).

Assume that 80% of on-line WGRs will respond to this over-frequency.

The estimated aggregated governor response of WGRs to this frequency overshoot is 9700*80%*0.19433=1508 MW.

The estimated 1508 MW of governor response from WGRs will be included to simulate the more realistic system frequency response.

By incrementally increasing the amount of LRs to be tripped, system frequency reaches 60.6Hz when a total of 4095 MW LRs are activated. The corresponding system frequency response is shown in Fig. 4.  Since this study is based on a worst scenario with an inertia condition at 100GW*s, which has not been observed by ERCOT in the past, it would take more than 4095 MW LRs to cause the system frequency over 60.6Hz for historical low inertia conditions (the lowest inertia in 2016 is 142GW*s).
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Fig.4. Frequency response of activation of 4095 MW LRs for case 1

� Note that the dynamic models and the initial power flow condition for generation dispatch and load for case 2 - case 13 are taken from actual historical TSAT cases. 





