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ÅBackground on Generation Control

ÅUnit Dispatch System (UDS)

ÅPJM Control Room Positions

ÅMorning Load Pickup
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Imbalance Conditions

ÅOver-generation

ïTotal Generation > Total Load

ïFrequency > 60 Hz

ïGenerators momentarily speed up

ÅUnder-generation

ïTotal Generation < Total Load

ïFrequency < 60 Hz

ïGenerators momentarily slow                                

down
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Control Responses

ÅInertial Response

ÅFrequency Bias Characteristic 

ïGovernor & Load Response

ÅRegulation Control

ÅEconomic Control

ÅSystem Operator
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System Inertia ..................................................... 0 seconds

Frequency Bias Characteristic ....................... < 5 seconds

(Governor & Load Response)

Regulation .........................................................> 30 seconds

Economic Re-Dispatch ..................................... > 5 minutes

Response Time Hierarchy
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Inertial Response

ÅInertia - resistance to change in rotational 

speed

ÅWhen generators fail to meet load

ïDuring load increases, generator starts to slow down

ïDuring load decreases, generator starts to speed up

ÅGenerators canôt instantly stop or they will fly 

apart

ÅForces are present that oppose the change 

created by the change in load



©2008 PJM 9

Governor Response

60.00

59.99

20 22 30 36

Unit A Generator Load

(MW)

Unit B Generator Load

(MW)

Load Pick-up for A:

2 MW for 0.01 Hz

Load Pick-up for B:

6 MW for 0.01 Hz

Frequency (Hz) Frequency (Hz)



PJM©200910www.pjm.com

©2008 PJM 10

Load Response

ÅPortion of system load that increases or 

decreases when frequency increases or 

decreases

ÅMeasured in MW/0.1 Hz

ÅApproximately 1 - 2 % load change for a           

1% change in frequency
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Load Response Example

ÅSystem Load = 36,000 MW

ÅFrequency Change = +/- 0.03 Hz

ÅWhat is the change in system load?

36000  X  (1 % MW/0.1Hz)  X  .03Hz =  108 MW

36000  X  (2 % MW/0.1Hz)  X  .03Hz =  216 MW
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System Characteristic

Governor Characteristic + Load Characteristic

ñFrequency Biasò

March 2009 Values

PJM RTO = 1,344 MW

(includes ComEd, AEP, DAY, DUQ, and DVP)

Eastern Interconnection = 6,510 MW
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ÅGenerating units that provide fine tuning 

which is necessary for effective system 

control 

ÅGovernors respond to minute-to-minute 

changes in load

ÅñRegulating unitsò correct for small load 

changes that cause the power system to 

operate above and below 60 Hz for sustained 

period of time

Regulation
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ÅUsed when trend in load change is too large 

for regulation to compensate

ÅMoves the operating point of generating units 

to new setpoint

Economic Control
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GEN= 400,000

LOAD = 398,000

SCHED INTG= +2000 MW

GEN= 38,000

LOAD = 40,000

SCHED INTG= -2000 MW

EASTERN 

INTERCONNECTION

TIE LINE FLOW

2000 MW

AREA CONTROL ERROR = 0

BOTH SYSTEMS BALANCED

AREA CONTROL ERROR = 0

PJM

Area Control Error
(NERC Standard)
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GEN= 400,900

LOAD = 398,000

SCHED INTG= +2000 MW

GEN= 37,100

LOAD = 40,000

SCHED INTG= -2000 MW

EASTERN 

INTERCONNECTION

TIE LINE FLOW

2900 MW

AREA CONTROL ERROR = ? AREA CONTROL ERROR = ?

LOSS OF 1000 MW GENERATION IN PJM

PJM

FREQ.= 59.9843

Area Control Error
(NERC Standard)
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LOSS OF 1000 MW GENERATION IN PJM

EASTERN INTERCONNECTION ACE

(less PJM)

PJM ACE

Freq= 59.9843 Hz

Freq Bias =- 5721 MW/.1Hz

ACE=[2900- 2000] - [(59.9843-60)(-5721)(10)]

ACE = (900) - (-.0157 *-5721 * 10)

ACE = 0

Freq= 59.9843 Hz

Freq Bias = -637 MW/.1Hz

NERC

ACE=[ -2900 (-) -2000] - [(59.9843-60) -637)(10)]

ACE = ( -900) - (-.0157*(-637)*10)

= - 1000 MW

PJM

ACE=[ 2000 (-) 2900] - [(59.9843-60)( -637)(10)]

ACE = ( -900) - (-.0157*(-637)*10)

= - 1000 MW

Area Control Error (ACE)
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Control Performance Standards

ÅCPS 1

ïBased on frequency and ACE

ïMaintain ACE at 0 or deviate to help system frequency

ïCalculated each minute

ÅCPS 2

ïStatistical measure of ACE magnitude for 10 minute                                  

segments

ïLimit unacceptable large net unscheduled power flows  

ïKeep magnitude of variation less than L10

Å(L10 = 278.2 MW as of 03/01/09)

ÅFail CPS 1 OR CPS 2 = FAIL

- CPS 1 > or equal to 100%

- CPS 2 > or equal to 90%
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CONTROL  PERFORMANCE  

 

 

 This display shows PJM compliance with the NERC Control Performance Standard 

(CPS).  CPS defines a minimum acceptable control performance that each control area is 

expected to maintain.  CPS is composed of two measures:  CPS1 and CPS2. 

 

 CPS1 is a statistical measure of ACE variability and its relationship to frequency error.  It 

is intended to provide a frequency-sensitive evaluation of how well PJM meets its demand 

requirements with its supply resources.  This measure does not replace ACE as a visual indicator 

that PJM Interconnection system operators use to control system generation nor does it address 

unscheduled power flows or minimization of inadvertent interchange.  The requirement imposed 

by CPS1 is that, for a given period, the product of  ACE times frequency error shall be bound by 

a constant derived from PJMôs Frequency Bias and the Eastern Interconnectionôs Targeted 

Frequency Bound.  Average compliance ratios are converted to monthly compliance percentages 

as follows: 

[ 2 - (ACE * frequency error) / Constant ] * 100% 

 

 CPS2 is a statistical measure designed to limit unacceptably large net unscheduled power 

flows by providing an oversight function that bounds ACE.  The requirement imposed by CPS2 

is that ten-minute averages of PJMôs ACE shall be bounded by a constant derived 

probabilistically from all Eastern Interconnection control areasô (including PJMôs) Frequency 

Biases and the Eastern Interconnectionôs Targeted Frequency Bound.  Monthly compliance 

percentages are calculated as the percentage of ten-minute periods each month that the CPS2 

requirement is met. 

 

Compliance 

A Control Compliance Rating is measured on the following criteria: 

                                            CPS1 ² 100%  then score = 100% 

                                             CPS2 ² 90%  then score = 100% 

 

 

December Performance           CPS1 = 100% 

                                                    CPS2 = 100%    

CPS Performance Standard
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Control Performance Standards

ÅBalance Authority ACE Limit (BAAL)

- Maintain interconnection frequency within a predefined frequency

profile under both normal and abnormal conditions, to prevent 

frequency-related instability, unplanned tripping of generation or

load, or uncontrolled separation or cascading outages.

- PJM has replaced CPS 2 with the BAAL standard

- Measurement is the total number of minutes the BAAL limit is 

exceeded with a goal of 98% or better.

- Any violation of ACE exceeding the BAAL limit for a time greater 

than 30 minutes results in a Level 1 violation.
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ÅReturn to pre-disturbance 

conditions within 15 

minutes (Interim NERC 

Standard) following system 

disturbance (PJM 

Operators rated on 10 

minutes)

ÅDoes not include normal 

load or generation 

excursions or telemetering 

problems.

Disturbance Conditions
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Disturbance Control Standard 
 

 

Performance Measure 

 

 This performance measure is intended to show how well the PJM Interconnection, L.L.C. recovers 

from a disturbance. 

 

 The PJM Interconnection system operator shall report on all disturbances greater than 800 MW.  

PJM RTO has members in ECAR, MAIN, and VACAR reserve sharing groups ï which are reported thru 

Their respective regions however all reporting period have been compliant. 

  

 

Compliance Measure 

 Compliance is achieved if the ACE is return either to zero or to its pre-disturbance level within 

fifteen minutes following the start of the disturbance. 

  

2005  Performance             100%  

PJM MAAC     100% 

PJM ECAR      100%                       

PJM MAIN      100%  

PJM SERC      100 %                                                       

Disturbance Control Standard
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ÅEconomic control signal is 

called lambda

ÅMeasured $/MWhr

ÅMoves operating point of 

generating unit to change 

MW output to assist ACE in 

returning to zero

ïIf ACE<0, lambda 

increases

ïIf ACE>0, lambda 

decreases

ÅCost to generate the next 

MW from the unit

Incremental Cost - Lambda


