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Introduction 

The Western Interconnection is experiencing a rapid change of its resource mix, driven 

by a variety of factors including: a rapid decline in cost of renewable resources like wind and 

solar photovoltaics (“PV”), a decline and stabilization of natural gas prices, state and federal 

political mandates, customer preferences and state and federal environmental regulations. Under 

these economic and political scenarios, the number coal-fired generators is on the decline, and 

the economics of natural gas fired plants and well situated wind facilities are economically 

competitive with new coal plants.1  

The West has seen a number of announced coal plant retirements. Based on the 2012 

baseline of affected electric generating units (“EGU”) from the United States Environmental 

Protection Agency’s (“EPA”) Clean Power Plan, 39% (40 units) of the affected coal EGUs will 

be retired by 2026, representing 31% (11,331 MWs) of the coal generation capacity in the 

Western Interconnection. Figure 1 illustrates coal plant retirements by states in the West from 

2010 to 2025. With the retirement of large coal-fired generation units in the West, the question 

is: can the system still be run safely and reliably? One measure of reliability is system frequency 

response. 

 

Figure 1 - Coal EGU retirements by state2 

                                                 
1 L. Fleischman et al., Ripe for Retirement: An Economic Analysis of the U.S. Coal Fleet, The Electricity Journal, 

Vol. 26, Issue 10 December 2013, 

http://www.ucsusa.org/sites/default/files/legacy/assets/documents/clean_energy/Ripe-for-Retirement-An-Economic-

Analysis-of-the-US-Coal-Fleet.pdf  
2 M. Galbraith, Dealing with Uncertainty: Clean Power Plan Implementation in the West, Western Interstate Energy 

Board, presented at: 8th Annual Transmission Summit West, September 27, 2016 

http://www.ucsusa.org/sites/default/files/legacy/assets/documents/clean_energy/Ripe-for-Retirement-An-Economic-Analysis-of-the-US-Coal-Fleet.pdf
http://www.ucsusa.org/sites/default/files/legacy/assets/documents/clean_energy/Ripe-for-Retirement-An-Economic-Analysis-of-the-US-Coal-Fleet.pdf
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Frequency response is a measure of an Interconnection’s ability to arrest frequency 

changes and stabilize frequency immediately following the sudden loss of generation or load. 

Frequency is the number of cycles or oscillations of alternating current (“AC”) in a power 

system. Frequency is synchronized throughout an interconnected AC power system. In the 

United States, the normal frequency is 60 Hertz (“Hz”), i.e. 60 cycles per second. Arresting 

frequency deviations is crucial in reliable operation of the bulk power system (“BPS” or 

“system”), especially during system disturbances. The BPS is designed to protect power system 

equipment when there is a disturbance on the system (“event”), but there must be enough 

arresting power on the BPS to make sure that under-frequency load shedding or over-frequency 

generation trip events do not occur after a design-basis event.3 

Other measures of reliability are; inertial response, primary frequency response 

(including fast frequency response), and secondary frequency response. All of these measures 

play a role in the frequency response of an Interconnection. 

Inertial response is generally the first system feature to contribute to frequency response 

and occurs in the arresting period immediately after an event. Inertial response is provided by the 

large rotating mass of a generator or in load (i.e. an inductive motor) that can help balance 

supply with demand by absorbing or releasing the kinetic energy from the rotating mass.  

Primary frequency response, which typically occurs during the rebound period that 

follows the arresting period, is provided by an autonomous generator governor that changes the 

power output of the generator within the first few seconds of a system disturbance in response to 

changes in the frequency at the generator. 

The secondary frequency response during the recovery period is provided by the 

redispatch of generation via automatic generation control or manual redispatch to change the 

power output of generation resources in the minutes following an event. 

Fast frequency response, which is provided by high-speed energy contributions to the 

system from sources like controllable load, energy storage or synthetic inertia from wind 

turbines, can react to a system disturbance even before primary frequency response responds.4 

Figure 2 illustrates the expected frequency response when there is a loss of generation on the 

system. 

                                                 
3 A “design-basis event” is a generation or transmission outage that is studied and the system is designed to handle 

without shedding load, typically the largest single contingency on the system. In the Western Interconnection, this is 

the loss of the two largest resources – two Palo Verde units (2,740 MW). 
4 Essential Reliability Services Task Force Measures Framework Report, NERC, November 2015, 

http://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/ERSTF%20Framework%20Report%20-%20Final.pdf  

http://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/ERSTF%20Framework%20Report%20-%20Final.pdf
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Figure 2 - Frequency response to a loss of generation5 

Frequency response is extremely important in the reliable operation of the grid. With the 

transformation of the resource mix from resources like large coal power generating stations that 

are synchronized with the system frequency, to more asynchronous generation like wind and 

distributed solar, some of the frequency response services that system operators take for granted 

today may not be available to the same extent in the future. This could pose a risk to reliability, 

but there are some things that can be done today to ensure reliability in the future. 

Inertial Response 

 Inertial response is generally the first system feature to contribute to frequency response 

and occurs in the arresting period immediately after an event. Inertial response is provided by the 

large rotating mass of a generator or in load (i.e. an inductive motor) in an Interconnection that 

helps balance supply with demand by absorbing or releasing the kinetic energy from the inertia 

of a rotating mass immediately after an event. The grid frequency is directly coupled to the 

rotational speed of generators’ spinning rotors, creating a synchronized grid that enables the 

synchronous generators to provide active power balance, i.e. changes in power output that 

increase or decrease frequency.  

Fluctuation in the frequency should be kept to a minimum to avoid damage to power 

system equipment and/or load shedding. Large frequency deviations can lead to cascading 

system blackouts if frequency collapses. Large synchronous generators, such as large coal fired 

units, provide the system with large sources of system inertia through the stored kinetic energy in 

                                                 
5 J. Eto, et al. Use of Frequency Response Metrics to Assess the Planning and Operating Requirements for Reliable 

Integration of Variable Renewable Generation, LBNL-4142E, Dec. 2010. 

http://www.ferc.gov/industries/electric/indusact/reliability/frequencyresponsemetrics-report.pdf  

http://www.ferc.gov/industries/electric/indusact/reliability/frequencyresponsemetrics-report.pdf
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the rotating mass of the rotor. The kinetic energy of the machine is a function of the rotor’s mass, 

size (or radius of rotation), and frequency (or speed) the rotor is spinning. 

 The inertia response of generators is the first and an essential line of defense in arresting 

a frequency deviation. It is not an active control action, but rather the physical characteristic of 

how synchronous generators react to conditions on the system. This occurs within the first few 

second seconds of an event, far sooner than operator or control system interactions can 

contribute significantly to the frequency response. As an example, when there is fault on the 

power system or a generator trips offline, the frequency across the system will decline. There is 

not enough generation online to meet load, so the system speed (or frequency) slows down. The 

amount of inertia on the system will determine how fast the frequency will fall, known as the 

Rate of Change of Frequency (“ROCOF”). The more inertia on the system, the slower the 

frequency will decline to its minimum point or the frequency nadir. When there are only a small 

amount of resources providing the system with inertial response, the ROCOF can be very quick 

which can lead to the frequency nadir dipping below the set points on protection equipment on 

the system. This can lead to equipment tripping offline or the shedding of load to protect the 

power system equipment. 

 With the retirement of large synchronized generators the system may not have enough 

inertial response to support frequency when there is a large disturbance event. However, there 

are other sources of inertial response like natural gas fired combined cycle plants and renewables 

like wind and solar. Natural gas combined cycle plants can provide inertia to the system the same 

way as a coal unit, through the spinning mass of the generator. In addition, the Western 

Interconnection has a large abundance of hydroelectric resources that provide the system with a 

large amount of system inertia through the spinning mass of the turbine.  

To provide inertia, synchronous generation must be still be online or “spinning”. During 

low load periods, like in the spring-time, fewer plants are online in general exacerbating the low 

system inertia that may be created once coal plants retire in number.  

New wind plants are not synchronized with the grid frequency the same way as 

synchronous generators. Their frequency output is “decoupled” from grid frequency. Instead of 

matching the frequency of the grid, new variable speed wind generators optimize wind 

availability by matching turbine blade rotation with prevailing wind-speeds and connect with the 

grid through power electronics and control equipment.6 Despite having significant kinetic energy 

from the rotation of the turbines, the turbines are electrically “decoupled” from the frequency of 

                                                 
6 The basic concept of power conversion via power electronics is that the output AC power from the wind turbine at 

a given frequency and voltage is fed through static circuits and produces a power output at a different frequency and 

voltage either by converting the AC power into DC power and back to AC or by converting it directly to a different 

AC power output. 
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the grid and therefore, during times of high wind, the total system inertia may be reduced. 7  The 

power electronics allow the wind plant frequency to match the system frequency. 

Synthetic Inertia 

Even though wind units are electrically “decoupled” from the frequency of the grid, the 

kinetic energy stored from the rotating mass of the turbine can be extracted via controls that 

detect frequency deviations on the grid and actively adjust the power flow into the grid to 

provide inertia to the system during frequency deviations. This is referred to as synthetic inertia. 

The controller of the power electronics artificially increases the torque (i.e. the resistance on the 

wind turbine) allowing the power output to increase. This will cause the speed of the turbine 

blades to slow down as the kinetic energy stored in the turbine is extracted and converted into 

electrical energy.8 When the rotational speed of the blades slow down due to some external 

reason, the controller’s normal reaction is to reduce the torque (and power output) and provide 

the opposite reaction to what is needed in order to counteract the frequency deviation. In order to 

fool the controller, extra power is added “artificially” so the controller thinks it needs more 

power output.9  Synthetic inertia is a way for wind generators to provide system inertia through 

control of the power electronics that connect the generator to the grid. 

Frequency Ride-Through 

 Although solar resources do not contribute to the system inertia due to the lack of stored 

kinetic energy, the resources must be able to ride-through short-term frequency deviations rather 

than trip offline and exacerbate the frequency drop. Frequency ride-though is enabled through 

the advanced inverters that transform the DC power from the solar panel into AC power to match 

the grid. Rather than operating between a defined range of frequencies and immediately tripping 

offline when system frequency deviates outside the defined range, the advanced inverter will 

detect and monitor the frequency excursion and continue to operate normally. This allows the 

supplying of power to the grid for an extended length of time, typically over tens of seconds. By 

continuing to supply power, this type of operation assists the system in getting the frequency 

back to normal.  

The Federal Energy Regulatory Commission (“FERC”) recognized the risk of small 

generators tripping offline due to small frequency excursions and recently enacted a final rule on 

requiring frequency and voltage ride through capabilities of small generating facilities (under 20 

                                                 
7 Md Rabiul Islam et al., Power Converters for Wind Turbines: Current and Future Development, Material and 

Processes for Energy Communicating Current Reseraech and Technological Developments (A. Méndez-Vilas, Ed.), 

Pages: 559-571, 2013, http://formatex.info/energymaterialsbook/book/559-571.pdf  
8 This can only be done up to 5 to 10% of additional power to avoid unrealistic power demands that would cause the 

wind turbine to operate below its minimum operating speeds. 
9 Mohammad Seyedi, Math Bollen, The Utilization of Synthetic Inertia from Wind Farms and its Impact on Existing 

Speed Governors and System Performance, Part 2 Report of Vindforsk Project V-369, January 2013, 

http://www.elforsk.se/Rapporter/?rid=13_02_  

http://formatex.info/energymaterialsbook/book/559-571.pdf
http://www.elforsk.se/Rapporter/?rid=13_02_
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MW).10 This final rule helps FERC ensure proper standards are in place under its standard Small 

Generator Interconnection Agreements. In contrast, the IEEE 1547a Standard that defines the 

default response of distributed energy resources during frequency events was drafted for 

distribution inverters and are subject to state regulation and state net-metering policies.11 The 

deployment of distributed energy resources on the distribution system, along with other small 

generators, can have a significant effect on the BPS if there was a simultaneous tripping of a 

large number of small generators. 

Primary Frequency Response 

 Primary frequency response works with the system inertia to help arrest frequency and 

determine the frequency nadir (i.e. frequency minimum) during an event. After the frequency 

nadir, a rebound period driven by the primary frequency response will increase power output to 

increase the system frequency and allow the frequency to settle at a more stable frequency set 

point based on the local balance of the system. The secondary frequency response will then 

redispatch generation to bring frequency back to normal. Primary frequency response is typically 

provided by an autonomous generator governor changing the power output of the generator 

within 5 to 15 seconds after a system disturbance. 

The amount of primary frequency response has been on the decline for the past couple 

decades, even before there was significant change in the resource mix toward non-synchronous 

generation. A report from the North American Electric Reliability Corporation (“NERC”) 

revealed that many synchronous generators had wide generator deadband settings, some 

generator governor control settings were disabled, and/or many generators operated under set 

point control which deflated the primary frequency response.12 The decline in primary frequency 

response is illustrated in Figure 3 for the Eastern Interconnection, indicating two possible trend 

lines in the decline of primary frequency response. 

                                                 
10 Order No. 828 re: Requirements for Frequency and Voltage Ride Through Capability of Small Generating 

Facilities, RM16-8-000, issued July 21, 2016, http://www.ferc.gov/whats-new/comm-meet/2016/072116/E-11.pdf 
11 1547a-2014, IEEE Standard for Interconnection Distributed Resources with Electric Power Systems – 

Amendment 1, May 21, 2014, 

http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6818982&filter=AND(p_Publication_Number:6818980)  
12 Frequency Response Initiative Report, NERC, October 2012, http://www.nerc.com/docs/pc/FRI_Report_10-30-

12_Master_w-appendices.pdf  

http://www.ferc.gov/whats-new/comm-meet/2016/072116/E-11.pdf
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6818982&filter=AND(p_Publication_Number:6818980)
http://www.nerc.com/docs/pc/FRI_Report_10-30-12_Master_w-appendices.pdf
http://www.nerc.com/docs/pc/FRI_Report_10-30-12_Master_w-appendices.pdf
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Figure 3 - NERC calculated Eastern Interconnection mean Primary Frequency Response13 

Governor Response 

Governors are a control system on electric generators used to adjust the fuel input into the 

generator to maintain the speed of the generator to match the system speed.  

Governor controls are similar to the cruise control on a car. The electric system is 

synchronized at the same speed (i.e. 60 Hz) and in this analogy cars traveling on the highway 

should all be going the same speed, 60 miles per hour (“MPH”). When the cruise control is set in 

the car, the control system in the car will adjust the fuel into the engine to increase or decrease 

the speed of the car to maintain 60 MPH. The acceleration or deceleration of the car to get back 

to 60 mph is similar to the droop setting on a generator governor. It controls how fast the 

generator will respond to a decrease in frequency. The deadband setting is similar to the speed at 

which the driver will set the cruise control speed, but instead of setting a single point set point, a 

small range is used (for example: car speed set between 59 and 61 mph) to prevent the generator 

from responding to every small frequency deviation, reducing wear and tear on the generator. 

Error! Reference source not found. illustrates the control characteristics for governor 

deadband and droop settings where the power plant output (y-axis) can adjust as the frequency 

changes (x-axis). 

                                                 
13 Frequency Response Initiative: Industry Advisory – Generator Governor Frequency Response, NERC, presented 

April 7, 2015, 

http://www.nerc.com/pa/rrm/Webinars%20DL/Generator_Governor_Frequency_Response_Webinar_April_2015.pd

f  

http://www.nerc.com/pa/rrm/Webinars%20DL/Generator_Governor_Frequency_Response_Webinar_April_2015.pdf
http://www.nerc.com/pa/rrm/Webinars%20DL/Generator_Governor_Frequency_Response_Webinar_April_2015.pdf
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Figure 4 - Deadband and droop characteristic14 

Governor withdrawal or “squelch” from conventional synchronous generators has been a 

serious problem and a main contribution to the decline in primary frequency response. NERC 

recommends all generators larger than 10 MW set governor controls to deadband setting of plus 

or minus 0.036 Hz and 5 percent frequency droop.15 Using a standard control response helps 

improve the governor withdrawal problem because it provides a coordinated and sustained 

primary frequency response. However, these settings are only a recommendation and not a 

requirement, therefore some generators set wider deadbands and less responsive droop settings to 

reduce wear and tear on the machine. Consequently, they then lean on other resources with 

tighter control settings to provide primary frequency response for the grid. This leaning leads to 

poor frequency response performance overall and creates undue operational costs for those 

resources maintaining reasonable and appropriate settings as recommended by NERC.  

FERC recently issued a Notice of Inquiry (“NOI”) regarding the need for reforms to its 

rules and regulations on the provision and compensation of primary frequency response.16 In its 

NOI, FERC is seeking input on whether NERC governor deadband and droop setting should be 

required by all generators and whether all interconnected generators (including asynchronous 

generation) have the capability to provide a primary frequency response. Non-synchronous 

generation, like wind and solar photovoltaic (“PV”) resources, has not been required to provide 

                                                 
14 D. Lew, N. Miller, Final Report: Primary Frequency Response: Maintaining System Reliability, GE Energy 

Consulting, April 20, 2016, http://westernenergyboard.org/wp-content/uploads/2016/04/04-20-16-Lew-Miller-Final-

Report-Primary-Frequency-Response.pdf  
15 Reliability Guideline:  Primary Frequency Control, NERC, December 15, 2015, 

http://www.nerc.com/comm/OC/Reliability%20Guideline%20DL/Primary_Frequency_Control_final.pdf  
16 Notice of Inquiry re: Essential Reliability Services and the Evolving Bulk-Power System – Primary Frequency 

Response under RM16-6, FERC, issued February 18, 2016, RM16-6-000, http://www.ferc.gov/whats-new/comm-

meet/2016/021816/E-2.pdf  

http://westernenergyboard.org/wp-content/uploads/2016/04/04-20-16-Lew-Miller-Final-Report-Primary-Frequency-Response.pdf
http://westernenergyboard.org/wp-content/uploads/2016/04/04-20-16-Lew-Miller-Final-Report-Primary-Frequency-Response.pdf
http://www.nerc.com/comm/OC/Reliability%20Guideline%20DL/Primary_Frequency_Control_final.pdf
http://www.ferc.gov/whats-new/comm-meet/2016/021816/E-2.pdf
http://www.ferc.gov/whats-new/comm-meet/2016/021816/E-2.pdf
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frequency response. Outside the United States has shown that non-synchronous generation with 

frequency response capability may need to be curtailed to maintain enough primary frequency 

response on the system to protect system reliability.17 In late 2016, FERC released a notice of 

proposed rulemaking to establish new rules regarding the provision of primary frequency 

response.18 The proposed rules by FERC require all new interconnecting generators to have 

control systems installed that give the generator the capability to provide primary frequency 

response. 

Fast Frequency Response 

 The speed at which a resource can respond to a frequency deviation can provide more 

value to the system if the speed of response is quick. Different technologies provide different 

speeds of response due to how they are interconnected to the grid. Asynchronous resources that 

are inverter-based (wind, solar, battery storage, etc.) can provide faster responses than traditional 

thermal generators. The power electronics in inverter-based resources can precisely sense the 

grid frequency and actively manage its power output to adjust to grid frequency. Within tens of 

milliseconds after an event, the fast frequency response can curb the frequency nadir similar to 

system inertia. Another advantage of fast frequency response is that less generation capacity is 

needed to be on line to get the same result as slower primary frequency response.19  

Not all frequency response is created equal and the value of the response should be 

recognized and rewarded. In a slightly different circumstance than frequency response, FERC 

has already recognized the value in fast responding resources for ancillary services. Order 755, 

issued in 2011, provides detail on the compensation of frequency regulation in organized 

wholesale power markets.20 Although frequency regulation (provided by resources responding to 

a centrally dispatched signal from a market operator) and frequency response (provided by 

resources responding to local conditions at point of interconnection) are not exactly the same, 

both are necessary to provide for continuous balance of resources and maintaining frequency. In 

Order 755, FERC ruled that fast responding resources can be compensated for the performance 

of the resource based on how well it accurately follows the fast regulation signal. Bulk electric 

system markets for fast frequency response are still developing, but it may be possible to apply 

this type of compensation for resources that are able to respond to local conditions and that better 

arrest frequency excursions. 

Monitoring Frequency Response 

                                                 
17 Ireland’s grid operator, EirGrid, limits instantaneous penetration of non-synchronous generation to 50% 
18 Notice of Proposed Rulemaking re: Essential Reliability Services and the Evolving Bulk-Power System – Primary 

Frequency Response under RM16-6, FERC, issued November 17, 2016, RM16-6-000, https://www.ferc.gov/whats-

new/comm-meet/2016/111716/E-3.pdf  
19 J. Matevosyan, Future Ancillary Services Developments in ERCOT, NERC Essential Reliability Services Task 

Force, presented August 7, 2014 
20 Order No. 755 re: Frequency Regulation Compensation in the Organized Wholesale Power Markets, RM11-7-000 

and AD10-11-000, issued October 20, 2011, http://www.ferc.gov/whats-new/comm-meet/2011/102011/E-28.pdf  

https://www.ferc.gov/whats-new/comm-meet/2016/111716/E-3.pdf
https://www.ferc.gov/whats-new/comm-meet/2016/111716/E-3.pdf
http://www.ferc.gov/whats-new/comm-meet/2011/102011/E-28.pdf
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For any resource to provide frequency response, the resource must have the ability to 

adjust its output and have capacity to increase its generation output up or down. In an under-

frequency event, the output must be increased, therefore headroom is required, which may not be 

the optimal output for the resource. Since the marginal cost of a solar PV, wind, or a run-of-river 

hydro resource is essentially free in optimal conditions, the resource’s ideal energy output is 

100% of its potential output, leaving no room to move up during an under-frequency event. 

Therefore, for the resource to be able to provide the headroom to respond to a frequency event, 

the resource owner may require compensation for lost opportunity cost. Primary frequency 

response is not needed from all generators all the time to satisfy the frequency response need for 

the system. The ratio of the number of governor responsive units providing primary frequency 

response to the number of all generators can be on the order of 30% to satisfy the primary 

frequency response need for the system at any given time.21 

The NERC reliability standard BAL-003-1 requires Balancing Authorities (“BA”) to 

maintain Interconnection frequency within predefined bounds by arresting frequency deviations 

and supporting the frequency until the system is restored to normal. It provides consistent 

methods for measuring frequency response.22 It also established that each BA must meet the 

provisions around the Frequency Response Obligation (“FRO”), but it is only measured on an 

annual basis and there isn’t a way to know if a BA is meeting its obligation at all times. NERC 

calculates a Frequency Response Measure (“FRM”) after a frequency event to determine if a BA 

responded to a system event within 20 seconds and maintained its response for at least 52 

seconds (see Appendix). The standard does not prescribe how BAs should acquire frequency 

response or how individual resources provide frequency response. Having the capability to 

provide primary frequency response does not necessarily mean that the resource will be 

providing frequency response during an event because the control system may not be enabled or 

the resource may not be operating with enough headroom to respond. 

Real-time tools should be used to ensure that sufficient primary frequency response 

resources are available continuously within a BA. Then an operator would have the ability to 

curtail non-responsive resources so sufficient responsive resources are available. This will ensure 

that there is sufficient primary frequency response available to operate the grid reliably even in a 

future with high asynchronous penetration and high coal plant retirement. 

Secondary Frequency Response 

 Secondary frequency response is provided by the redispatch of generation following 

instructions issued through a BA’s Energy Management System (“EMS”). This occurs within 

                                                 
21 N, Miller et al, Eastern Frequency Response Study, NREL, May 2013, 

http://www.nrel.gov/docs/fy13osti/58077.pdf  
22 Standard BAL-003-1.1 – Frequency Response and Frequency Bias Setting, NERC, approved November 13, 2015, 

http://www.nerc.com/_layouts/PrintStandard.aspx?standardnumber=BAL-003-

1.1&title=Frequency%20Response%20and%20Frequency%20Bias%20Setting&jurisdiction=United%20States  

http://www.nrel.gov/docs/fy13osti/58077.pdf
http://www.nerc.com/_layouts/PrintStandard.aspx?standardnumber=BAL-003-1.1&title=Frequency%20Response%20and%20Frequency%20Bias%20Setting&jurisdiction=United%20States
http://www.nerc.com/_layouts/PrintStandard.aspx?standardnumber=BAL-003-1.1&title=Frequency%20Response%20and%20Frequency%20Bias%20Setting&jurisdiction=United%20States
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tens of seconds after an event in order to normalize frequency back to 60 Hz within a few 

minutes.  

Contingency Reserves 

To ensure a quick and robust response, secondary control requires contingency reserves 

be available to respond to an event. These are either spinning or non-spinning reserves. Spinning 

reserves are resources that are currently online and synchronized to the grid but not loaded to 

maximum output and have sufficient headroom to move up in case of an event. Non-spinning 

reserves are resources that are offline and not synchronized with the grid, but are able to 

synchronize quickly to help alleviate a contingency. NERC reliability standard BAL-002-1 

requires BAs to carry at minimum, sufficient contingency reserves to cover the most severe 

single contingency, which can be, the loss of the largest generating unit within the BA or within 

a Reserve Sharing Group Area. The BA must maintain this reserve at all times except for 

immediately after a system disturbance requiring activation of contingency reserves, then the BA 

has 90 minutes to replenish its contingency reserve.23 In the Western Interconnection, the 

Western Electricity Coordinating Council (“WECC”), responsible for assuring the reliable 

operation BPS in the Western Interconnection, has a more stringent contingency reserve and 

recovery period requirements (60 minutes) outlined in BAL-002-WECC-2.24  

Area Control Error 

 Area Control Error (“ACE”) is a measure of the MW imbalance of load and generation at 

any given time within a BA control area. ACE is calculated based on the difference in actual vs. 

scheduled total net interchange and the difference between actual frequency and expected 

frequency (60 Hz) plus a bias factor. Because frequency is the same across BAs throughout an 

interconnection, the ACE will be affected by an event outside of its area and it is still expected to 

respond. A BA will respond to an external event up to its frequency bias value by using 

regulating reserves and governor responses. By responding to all ACE deviations the risk is 

spread amongst all entities within the interconnection and helps restore frequency to the normal 

value faster. ACE is one of the signals monitored to dispatch contingency reserves, but only the 

BA suffering the loss of generation will dispatch its contingency reserves.25 

 Due to the variability and unpredictability of instantaneous load and generation needs, it 

can be difficult for many traditional resources, like coal-fired generators, to directly follow 

instantaneous ACE deviation signals. This would cause significant wear and tear on the 

                                                 
23 Standard BAL-002-1 – Disturbance Control Performance, NERC, approved August 5, 2010, 

http://www.nerc.com/_layouts/PrintStandard.aspx?standardnumber=BAL-002-

1&title=Disturbance%20Control%20Performance&jurisdiction=United%20States  
24 WECC Standard BAL-002-WECC-2 – Contingency Reserve, NERC, approved November 21, 2013, 

http://www.nerc.com/files/BAL-002-WECC-2.pdf  
25 Balancing and Frequency Control, NERC, January 26, 2011, 

http://www.nerc.com/docs/oc/rs/NERC%20Balancing%20and%20Frequency%20Control%20040520111.pdf  

http://www.nerc.com/_layouts/PrintStandard.aspx?standardnumber=BAL-002-1&title=Disturbance%20Control%20Performance&jurisdiction=United%20States
http://www.nerc.com/_layouts/PrintStandard.aspx?standardnumber=BAL-002-1&title=Disturbance%20Control%20Performance&jurisdiction=United%20States
http://www.nerc.com/files/BAL-002-WECC-2.pdf
http://www.nerc.com/docs/oc/rs/NERC%20Balancing%20and%20Frequency%20Control%20040520111.pdf
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generator due to the need to ramp up and down quickly and may be impossible due to the size of 

the machine. Therefore, regulating signals are integrated overtime to stabilize the response from 

a generator, but these may lead to overshooting the regulation needed. Inverter-based 

technologies like batteries are able to follow more granular ACE signals with little to no wear or 

tear.26 With increased penetration of these types of fast moving devices like battery storage, there 

is the potential to alleviate a significant amount of variability between load and generation and 

maintain stable frequency. 

Policy Implications 

 Embracing the resource mix as it changes from large coal-fired and centralized 

generation to a more distributed and asynchronous generation, is the first step towards ensuring 

the system continues to be reliable in the future. As states strive for greater and greater 

renewable portfolio standards and consumers choose to be more involved in their energy 

consumption, change and innovation must be embraced. Frequency response may not be a 

significant issue today, but the policy actions taken now will be extremely beneficial for the grid 

down the road. 

Given the uncertainty of future frequency response needs, the following options are offered now 

for Western states and provinces to consider: 

 Option 1: Ensure that all new resources have the capability to provide primary 

frequency response and synthetic inertia.  

It is important to be proactive in policy to ensure sufficient arresting power is available 

from future resources mixes to avoid under-frequency load-shedding events in the 

Western Interconnection. As the resource mix continues to change, and more non-

synchronous generation without proper controls makes up a greater percentage of the 

resource mix, there may be insufficient frequency response to arrest a sudden decline in 

frequency that would lead to loss of load. 

Before a generator can respond to a deviation in system frequency it must be given the 

capability to respond, be enabled to respond, and have the headroom to respond. The 

capability to respond refers to installation of the necessary control equipment. Being 

enabled to respond means that the control equipment is activated or programmed to 

respond. Headroom means that the generator is operating at a point where it has the 

ability to increase or decrease its output in response to a change in system frequency. The 

cost of retrofitting resources with the control equipment necessary for non-synchronous 

generation to respond to frequency events can be significantly more expensive than 

including the equipment in the original design and build. By requiring the capability to 

                                                 
26 E. Ela, M. Milligan, B. Kirby, Operating Reserves and Variable Generation, NREL, August 2011, 

http://www.nrel.gov/docs/fy11osti/51978.pdf 

http://www.nrel.gov/docs/fy11osti/51978.pdf
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provide primary frequency response and synthetic inertia in new generation now, future 

operators will have the tools available to run the system reliably.  

The following tools can be used to implement this option: 

o When state Public Utility Commissions (“PUCs”) update Public Utility 

Regulatory Policies Act (“PURPA”) qualifying facility small generator 

interconnection standards, consider requiring new Qualifying Facilities (“QFs”) 

to have the capability to provide primary frequency response. 

 

o When states update their Renewable Portfolio Standard (“RPS”) rules and 

regulations, consider requiring RPS qualifying resources to have the capability to 

provide primary frequency response. 

 

o When state PUCs acknowledge or approve an investor owned utility’s (“IOUs”) 

integrated resources plan (“IRP”) action plan or acknowledge or approve a 

short-list of resources in a competitive bidding processes, ensure that the IOU 

considered its need for primary frequency response in the development of the 

action plan or the selection of the short-list. 

 

o When state PUCs update net-metering rules and regulations for their IOUs, 

consider requiring distributed energy resources to have advanced inverters that 

enable frequency ride-through. 

 

 Option 2: Monitor system frequency response and system inertia at the utility 

(Balancing Authority) level to ensure that primary frequency response is being 

provided in a predictable fashion.   

The NERC develops and enforces mandatory Reliability Standards for the electric system 

in the United States, Canada, and the northern portion of Baja California, Mexico. The 

Reliability Standard BAL-003-1 requires Balancing Authorities (“BA”) to maintain 

Interconnection frequency within predefined bounds by arresting frequency deviations 

and supporting the frequency until the system is restored to normal. The standard 

provides consistent methods for measuring frequency response. By monitoring and 

measuring frequency response, states can determine whether utilities within their states 

are providing proper frequency response and whether further local action is required. 

The following tools can be used to implement this option: 

o When state PUCs acknowledge or approve an IOU’s IRP action plan, ensure the 

IOU has adequate capability to meet its Frequency Response Obligation in the 

future.  See Appendix. 
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o State PUCs may also request information about an IOU’s historical FRO and 

FRM in its applicable BA Area and certify that the annual FRM is equal to or 

more negative that its FRO to ensure that all resources that do have frequency 

response controls are providing predictable, robust default responses to 

frequency deviations. 

 

o State PUCs may request information about system inertia following an IOU’s 

decision to close a generation facility and whether the IOU considered converting 

the facility into a synchronous condenser to help maintain system inertia once the 

facility was retired. 

 

 Option 3: Ensure that IOUs and organized markets recognize the value of fast and 

accurate responses to frequency deviations.  

Faster and more accurate frequency responses are more valuable to the system than 

slower and more cumbersome responses. Wind, solar PV, and battery storage can provide 

“fast” frequency response in a frequency disturbance. Such fast frequency response can 

help return the system to normal quicker and reduces the possibility of under-frequency 

load shedding or over-frequency generation tripping due to spikes in frequency. Fast 

frequency response can also achieve the same result as slower frequency response with 

fewer megawatts of capacity. Incentives should be in place to reward faster responses. 

The following tools can be used to implement this option: 

o States with organized wholesale energy and ancillary service markets should 

consider working with the FERC to ensure market rules reward faster, more 

accurate responses in their regulation markets. 

 

o States with bilateral wholesale energy and ancillary service markets should 

consider working to ensure that IRP and competitive bidding rules reward faster 

and more accurate responses to frequency response deviations.  
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Appendix 

Balancing Authority Frequency Response Obligation and Frequency Bias Setting 

This section outlines how NERC outlines the calculation used to determine a Balancing 

Authority’s Frequency Response Obligation established in NERC Reliability Standard BAL-

003-1. 

The Electric Reliability Organization (“ERO”) will manage the administrative procedure for 

annually assigning an FRO and implementation of the Frequency Bias Setting for each 

Balancing Authority.  

For a multiple Balancing Authority interconnection, the Interconnection Frequency Response 

Obligation shown in Table 1 is allocated based on the Balancing Authority annual load and 

annual generation. The FRO allocation will be based on the following method: 

𝐹𝑅𝑂𝐵𝐴 = 𝐼𝐹𝑅𝑂 ×  
𝐴𝑛𝑛𝑢𝑎𝑙 𝐺𝑒𝑛𝐵𝐴 + 𝐴𝑛𝑛𝑢𝑎𝑙 𝐿𝑜𝑎𝑑𝐵𝐴

𝐴𝑛𝑛𝑢𝑎𝑙 𝐺𝑒𝑛𝐼𝑛𝑡 + 𝐴𝑛𝑛𝑢𝑎𝑙 𝐿𝑜𝑎𝑑𝐼𝑛𝑡
 

Where: 

 Annual GenBA is the total annual “Output of Generating Plants” within the Balancing 

Authority Area, on FERC Form 714, column c of Part II - Schedule 3. 

 Annual LoadBA is total annual Load within the BA Area, on FERC Form 714, column e 

of Part II - Schedule 3. 

 Annual GenInt is the sum of all Annual GenBA values reported in that interconnection. 

 Annual LoadInt is the sum of all Annual LoadBA values reported in that interconnection. 

The data used for this calculation is from the most recently filed FERC Form 714. As an 

example, a report to NERC in January 2013 would use the Form 714 data filed in 2012, which 

utilized data from 2011. 

Balancing Authorities that are not FERC jurisdictional should use the Form 714 Instructions to 

assemble and submit equivalent data to the ERO for use in the FRO Allocation process. 

Balancing Authorities that elect to form a Frequency Response Sharing Group (“FRSG”) will 

calculate a FRSG FRO by adding together the individual BA FRO’s. 

Balancing Authorities that elect to form a FRSG as a means to jointly meet the FRO will 

calculate their FRM performance one of two ways: 

 Calculate a group NIA and measure the group response to all events in the reporting year 

on a single FRS Form 1, or 
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 Jointly submit the individual BAs’ Form 1s, with a summary spreadsheet that contains 

the sum of each participant’s individual event performance. 

Balancing Authorities that merge or that transfer load or generation are encouraged to notify the 

ERO of the change in footprint and corresponding changes in allocation such that the net 

obligation to the Interconnection remains the same and so that Control Performance Standard 

limits can be adjusted. 

Each Balancing Authority reports its previous year’s Frequency Response Measure (FRM), 

Frequency Bias Setting and Frequency Bias type (fixed or variable) to the ERO each year to 

allow the ERO to validate the revised Frequency Bias Settings on FRS Form 1. If the ERO posts 

the official list of events after the date specified in the timeline below, Balancing Authorities will 

be given 30 days from the date the ERO posts the official list of events to submit their FRS Form 

1. 

Once the ERO reviews the data submitted in FRS Form 1 and FRS Form 2 for all Balancing 

Authorities, the ERO will use FRS Form 1 data to post the following information for each 

Balancing Authority for the upcoming year: 

 Frequency Bias Setting 

 Frequency Response Obligation (FRO) 

Once the data listed above is fully posted, the ERO will announce the three-day implementation 

period for changing the Frequency Bias Setting if it differs from that shown in the timeline 

below. 

A BA using a fixed Frequency Bias Setting sets its Frequency Bias Setting to the greater of (in 

absolute value): 

 Any number the BA chooses between 100% and 125% of its Frequency Response 

Measure as calculated on FRS Form 1 

 Interconnection Minimum as determined by the ERO 

For purposes of calculating the minimum Frequency Bias Setting, a Balancing Authority 

participating in a Frequency Response Sharing Group will need to calculate its stand-alone 

Frequency Response Measure using FRS Form 1 and FRS Form 2 to determine its minimum 

Frequency Bias Setting. 

A Balancing Authority providing Overlap Regulation will report the historic peak demand and 

generation of its combined BAs’ areas on FRS Form 1 as described in Requirement R4. 

There are occasions when changes are needed to Bias Settings outside of the normal schedule. 

Examples are footprint changes between Balancing Authorities and major changes in load or 

generation or the formation of new Balancing Authorities. In such cases the changing Balancing 
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Authorities will work with their Regions, NERC and the Resources Subcommittee to confirm 

appropriate changes to Bias Settings, FRO, Control Performance Standard limits and Inadvertent 

Interchange balances. 

If there is no net change to the Interconnection total Bias, the Balancing Authorities involved 

will agree on a date to implement their respective change in Bias Settings. The Balancing 

Authorities and ERO will also agree to the allocation of FRO such that the sum remains the 

same. 

If there is a net change to the Interconnection total Bias, this will cause a change in Control 

Performance Standard 2 limits and FRO for other Balancing Authorities in the Interconnection. 

In this case, the ERO will notify the impacted Balancing Authorities of their respective changes 

and provide an implementation window for making the Bias Setting changes. 

Frequency Response Measure 

This section outlines how NERC outlines the calculation used to determine a Balancing 

Authority’s Frequency Response Measure established in NERC Reliability Standard BAL-003-1. 

The Balancing Authority will calculate its FRM from Single Event Frequency Response Data 

(“SEFRD”), defined as: “the data from an individual event from a Balancing Authority that is 

used to calculate its Frequency Response, expressed in MW/0.1Hz” as calculated on FRS Form 2 

for each event shown on FRS Form 1. The events in FRS Form 1 are selected by the ERO using 

the Procedure for ERO Support of Frequency Response and Frequency Bias Setting Standard. 

The SEFRD for a typical Balancing Authority in an Interconnection with more than one 

Balancing Authority is basically the change in its Net Actual Interchange on its tie lines with its 

adjacent Balancing Authorities divided by the change in Interconnection frequency. (Some 

Balancing Authorities may choose to apply corrections to their Net Actual Interchange (NAI) 

values to account for factors such as nonconforming loads. FRS Form 1 and 2 shows the types of 

adjustments that are allowed. Note that with the exception of the Contingent BA column, any 

adjustments made must be made for all events in an evaluation year. As an example, if an entity 

has non-conforming loads and makes an adjustment for one event, all events must show the 

nonconforming load, even if the non-conforming load does not impact the calculation. This 

ensures that the reports are not utilizing the adjustments only when they are favorable to the BA.) 

The ERO will use a standardized sampling interval of approximately 16 seconds before the event 

up to the time of the event for the pre-event NAI, and frequency (A values) and approximately 20 

to 52 seconds after the event for the post-event NAI (B values) in the computation of SEFRD 

values, dependent on the data scan rate of the Balancing Authority’s Energy Management 

System (EMS). 

All events listed on FRS Form 1 need to be included in the annual submission of FRS Forms 1 

and 2. The only time a Balancing Authority should exclude an event is if its tie-line data or its 

Frequency data is corrupt or its EMS was unavailable. FRS Form 2 has instructions on how to 
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correct the BA’s data if the given event is internal to the BA or if other authorized adjustments 

are used. 

Assuming data entry is correct, FRS Form 1 will automatically calculate the Balancing 

Authority’s FRM for the past 12 months as the median of the SEFRD values. A Balancing 

Authority electing to report as an FRSG or a provider of Overlap Regulation Service will provide 

an FRS Form 1 for the aggregate of its participants. 

To allow Balancing authorities to plan its operations, events with a “Point C” that cause the 

Interconnection Frequency to be lower than that shown in Table 1 above (for example, an event 

in the Eastern Interconnection that causes the Interconnection Frequency to go to 59.4 Hz) or 

higher than an equal change in frequency going above 60 Hz may be included in the list of 

events for that interconnection. However, the calculation of the BA response to such an event 

will be adjusted to show a frequency change only to the Target Minimum Frequency shown in 

Table 1 above (in the previous example this adjustment would cause Frequency to be shown as 

59.5 Hz rather than 59.4 HZ) or a high frequency amount of an equal quantity. Should such an 

event happen, the ERO will provide additional guidance. 


