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Agenda

ÅBackground on Generation Control

ÅSecurity Constrained Economic Dispatch

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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Response Time Hierarchy

System Inertia ..................................................... 0 seconds

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

(Governor & Load Response)

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

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

ÅDŜƴŜǊŀǘƻǊǎ ŎŀƴΩǘ ƛƴǎǘŀƴǘƭȅ ǎǘƻǇ ƻǊ ǘƘŜȅ ǿƛƭƭ Ŧƭȅ ŀǇŀǊǘ

ÅForces are present that oppose the change created 
by the change in load
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Governor Response
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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 1, 2011 Values

PJM RTO = 1,366 MW/0.1 Hz

June 1, 2011 Values

PJM RTO = 1,497 MW/0.1 Hz
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Regulation

ÅGenerating units that provide fine tuning 
which is necessary for effective system control 

ÅGovernors respond to minute-to-minute 
changes in load

ÅάwŜƎǳƭŀǘƛƴƎ ǳƴƛǘǎέ ŎƻǊǊŜŎǘ ŦƻǊ ǎƳŀƭƭ ƭƻŀŘ 
changes that cause the power system to 
operate above and below 60 Hz for sustained 
period of time
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Economic Control

ÅUsed when trend in load change is too large 
for regulation to compensate

ÅMoves the operating point of generating units 
to new setpoint
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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

(NERC Standard)

Area Control Error
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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

(NERC Standard)

Area Control Error
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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
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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 = 276.98 MW as of 03/01/11)

Å(L10 = 290 MW as of 06/01/11)

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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Disturbance Conditions

ÅReturn to pre-disturbance 
conditions within 15 minutes 
(NERC Standard) following 
system disturbance (PJM 
Operators rated on 10 
minutes)

ÅDoes not include normal load 
or generation excursions or 
telemetery problems.
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Incremental Cost - Lambda

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

10/26/201124PJM©2011



0

5

10

15

20

25

30

35

40

150 300 450 550 600 650 700

Output (MW)

Incr.

Cost

($/MWhr)

Output

150

300

450

550

600

650

700

Lambda

18.0

19.7

22.5

24.1

27.3

31.0

34.5

Incremental Cost Curve

10/26/201125PJM©2011



Load Demand = 853 MW

Lambda Cost = $29/MWhr

Lambda

$/MW

HR Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 Unit 8 Unit 9 Total

20.0 20 20 150

21.0 33 35 178

22.0 57 58 20 20 225

23.0 77 79 36 21 283

24.0 96 98 14 48 38 350

25.0 108 109 81 60 48 462

26.0 119 120 159 73 58 585

27.0 126 126 222 82 12 65 20 677

28.0 132 132 274 89 12 17 71 31 770

29.0 135 312 95 12 22 27 77 41 853

30.0 348 101 14 31 34 49 921

31.0 375 22 38 40 57 977

32.0 398 31 42 44 63 1023

System Incremental Curve
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Load Demand = 853 MW

Zonal Lambda Cost = $29/MWhr

Lambda

$/MW

hr Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 Unit 8 Unit 9 TOTAL

26.0 119 120 159 73 58 585

27.0 126 126 222 82 12 65 20 677

28.0 132 132 274 89 12 17 71 31 770

29.0 135 312 95 12 22 27 77 41 853

30.0 348 101 14 31 34 49 921

31.0 375 22 38 40 57 977

Out of Merit Operation (Off Cost)
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Out of Merit Dispatch (Split Cost)

Load Demand = 853 MW

LMP (Locational Marginal Pricing) 

Varies Bus to Bus

More on LMP lateré

Lambda

$/MW
hr Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 Unit 8 Unit 9 TOTAL

26.0 119 120 159 73 58 585
27.0 126 126 222 82 12 65 20 677

28.0 132 132 274 89 12 17 71 31 770

29.0 135 312 95 12 22 27 77 41 853

30.0 348 101 14 31 34 49 921

31.0 375 22 38 40 57 977
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Bus 2 generator - increase output

Bus 1 generator - decrease output

Amount of shift depends on Generation Shift Factors

- decrease reduces flow + increase

820 mw

800 mw Limit

Bus 1 Bus 2

Generation Shifts
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Economic Control

ÅPurpose is to ensure that the least cost 
generation is used to meet large changes in 
load demand.

ÅEnables power system to follow load as it 
moves from valley, to peak, to valley over a 
24-hour period

ÅAdjustments are allocated to generating units 
to optimize economy 
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ÅA variable amount of generation energy under 
automatic control which is independent of 
economic cost signal and is obtainable within 
five minutes

ÅPurpose - adjust generation for small on going 
load variations

Regulation Defined
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Å Continually fine tunes ACE

Å Rapid control response (< 5 min.)

Å Assigned to select units

Å Controls generation over small band 
(1% of load)

Å Automatic

Å Matches larger system changes

Å Slower, steadier response

Å All units have capability to respond

Å Controls generation over larger range  of 
load changes

Å Manual or automatic

Regulation Economic Control

Regulation vs. Economic Control
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ÅCost
ïAs determined by the Cost 

Development Task Force 
(CDTF) formula (Manual M-15)

ïActual cost for a generator to 
produce a given amount of 
energy

ïEntered into eMKT and used 
only in specific circumstances

ÅPrice
ïAs determined by generator 

owner

ïNot necessarily related to the 
actual costs of energy 
production

ïNormal basis for selection of 
a unit to run or not run

Cost versus Price
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PJM to MOC/LCC Information

ÅThe following information is sent by PJM to 
the Control Centers:

ïPJM ACE MW

ïPJM Regulation Signal

ïPrice $/MWh which correlates to
desired MW (LAMBDA)
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MOC/LCC to PJM Information

ÅInformation from Control Centers to PJM

ïActual total generation MW

ïTotal assigned Regulation MW

ïActual net interchange /intrachange MW

ïReserve data
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Impacts to Generation Control

ωLoad

ςOut of operators control
ωExcept in emergencies

ωInterchange

ςOut of operators control
ωExcept in emergencies

ωEconomic Dispatch Solution

ςUnder operator control
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Single Control Area

PJM

PL
PS

BC Conectiv

Neighboring Control Areas
Scheduled 

Interchange

Internal eSchedules Trans

CE

DPL

AEP

Free-flowing ties 

between TOs
DVP



PJM

AMRN

ALNT

FE

NYISO

-600

+350

+200

+400 NET Interchange = +350

PJM allows at least 1000 MW net interchange  

Ramp changes every 15 minutes.  

Ramp limit post-integrations TBD  

Net Interchange for next 

15 minute period can go 

as high as +1350 MW or 

as low as -650 MW

Transaction Ramps



Load (MW x 1000)

Hour of Day

1 3 5 7 9 11 13 15 17 19 21 23

40

36
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26
125 Baseload 

Coal/Nuclear/NUG Units

175 Coal/Gas Units

200 Gas/Oil/Diesel/Hydro Units

Traditional

Daily Load Shape
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Agenda

ÅBackground on Generation Control

ÅSecurity Constrained Economic Dispatch

ÅPJM Control Room Positions

ÅMorning Load Pickup

10/26/201140PJM©2011



SCED ðWhatõs Replaced?

ωCurrent Economic Dispatch Tools

ςRT UDS
ωProjecting out 15 minutes to dispatch online units

ωNo CT commitment, only de-commitment

ςLA UDS
ωProjecting out 15, 30, 45, & 75 minutes to commit CTs

ωNo coupling of LA solutions or coupling of RT UDS and LA UDS 
results

On Wednesday, June 9 at 9:30 am PJM  

switched to RT SCED permanently. After 

this time, RT SCED will be the source for 

all real-time economic dispatch data.
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SCED ðWhat is Different

ωRT SCED and IT SCED design

ςIntroduce multi interval/multi horizon solution with 
flexible individual objectives

ς9ƳǇƭƻȅ ŀ άǘƛƳŜ-ŎƻǳǇƭŜŘέ ƻǇǘƛƳƛȊŀǘƛƻƴ ŜƴƎƛƴŜ

ωDispatcher-focused user interface

ςInformation displayed in a more relevant format

ςMany dispatcher actions can occur directly from the user 
interface
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What is GCA?

The Generation Control Application consists of 
the four high-level functions:

Automatic Generation Control (AGC)

Multi -interval Security Constrained Economic Dispatch (SCED)

Adaptive Generator Model (AGM) ςIn evaluationphase

Some entirely new components, some re-designed  
components as part of the AC2 program

?
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How It  All Fits Together
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ÅSecurity Constrained Economic Dispatch (SCED)

ÅCalculate the desired MW output level for all 
units on the PJM System.

ÅConsider transmission constraints when 
calculating the Economic Dispatch Signal 
(LAMBDA).

Purpose of SCED
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Components of SCED

ïReal Time (RT) SCED

Å10-20 minutes

ïIntermediate Term (IT) SCED

Å15-120 minutes

Now 15 minutes 120 minutes

RT SCED IT SCED
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UDS vs. SCED
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Intervals

ÅL¢ {/95 άƭƻƻƪǎ ŀƘŜŀŘέ ǘƻ ƎǳƛŘŜ w¢ {/95 
solutions.

ÅUnlike Look Ahead UDS, The IT SCED intervals 
are time-coupled.

ïThis replaces the on/off CT commitment of LA 
UDS

ÅIT SCED intervals are synchronized with the 
clock ¼ hours, 00, 15, 30 and 45.

10/26/201148PJM©2011
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Intervals

ÅIntervals are slices of time.

ÅInputs:

ïLoad

ïUnit parameters

ïDay ahead schedules

ïHydro schedules

ïInterchange

ïConstraints

ï/ƻƳƳƛǘǘŜŘ /¢Ωǎ όƭƻƎƎŜŘύ
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RT & IT SCEDs

ÅWhy are there two SCEDs? 
ςProcessing Speed 

ςEach has its own objective

ςIT SCED

ςCT commitment

ςGuide RT SCED

ςRT SCED

ςOn-line unit dispatch

ςPricing Calculation

ς2 Independent engines

ςBut IT SCED creates a path for RT SCED to follow 
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Envelopes

ÅRT SCED solutions are 
guided by SCED IT 
solutions

ÅThis path is referred to as 
an Envelope

ÅLimit Priorities
ïRegulation or Spinning Limits

ïEconomic Limits

ïEnvelope Limits

ïRamp Limits
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ÅLoad Forecast 

ÅCurrent generator outputs and actual interchange values from 
the State Estimator.

ÅScheduled interchange from EES.

ÅGenerator offer information from eMKT. (Includes incremental 
curves, rate of response, normal and emergency limits).

ÅConstraint information from the Dispatcher Management Tool 
(DMT).

Inputs into SCED
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Å A solution that contains:

ï Recommendation changes of Dispatch Rate.

ï A list of all active constraints on the system.

ï A list of all units that will be used for constraint 
control.

ï Individual Generation setpoints and dispatch 
rates for all units

ï The ability for the Generation Dispatcher to 
produce alternative solutions.

Results of SCED
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Dispatch Solution

Individual Unit Dispatch Points

PJM EMS

Security Constrained
Economic Dispatch

ÅACE

ÅRegulation Signal

ÅLoad Forecast

ÅUnit Output

ÅConstraint Sensitivities

ÅConstraint Flows

Markets 
Database

ÅGeneration Offer Data

ÅDemand Schedules & Bids

ÅUnit Availability

ÅSchedule Availability

State Estimator

EES

ÅEnergy 

Transactions

ÅNet Tie 

Schedules

Process Overview

PJM eMKT
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ÅAdjustments that can be made by the 

Generation Dispatcher

ïLook ahead interval.

ïCT Startup and minimum run times.

ïThe constraint controls that will be used in the       

solution.

ï% of rating for constraint control.

ÅAdjust dispatch levels for two additional solutions.

- Bias the solution up or down

Adjusting the SCED Solution
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ÅThe Generation Dispatcher will:

ïValidate system constraints

ïReview Constraint Controls

ïReview recommended solution

ïReview alternate solutions

ïSelect a solution or adjust inputs and execute a 
new solution.

ïApprove solution

Issuing a new LAMBDA
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Individual

Generators

SCED

Inputs

Constraints

Outages

SE Solution

Load 

Curves

Generation Instructions

Control Area Configuration
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SCED UI
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