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F Y Agendz

A Security Constrained Economic Dispatch
A PIM Control Room Positions
A Morning Load Pickup
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Imbdlanee Ganditior

A Overgeneration
| Total Generation > Total Load
I Frequency > 60 Hz
I Generators momentarily speed up
A Undergeneration
| Total Generation < Total Load
I Frequency < 60 Hz

I Generators momentarily slow
down

o
3
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ControlfResponse

A Inertial Response

A Frequency Bias Characteristic
I Governor & Load Response

A Regulation Control 4\‘
€

A Economic Control -

\ L.
A System Operator
{ &

=
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Response ilimeiHieranc

System Inertia ........ccooeviiiiiiii e, 0 seconds
Frequency Bias Characteristic ....................... < 5 seconds
(Governor & Load Response)

Regulation ..., > 30 seconds

Economic Re-Dispatch ..........ccoooiiiiiiiinin, > 5 minutes
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InetiidIFfRespons

A Inertia- resistance to change in rotational speed

A When generators fail to meet load
I During load increases, generator starts to slow down
I During load decreases, generator starts to speed up

ADSYSN)Y 02NE OFyQi Avaul yi
A Forces are present that oppose the change created
by the change in load
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Frequency (Hz)

60.00

59.99

2 22
Unit A Generator Load
(MW)

Load Pick-up for A:
2 MW for 0.01 Hz
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GovernoRRespan:

Frequency (Hz)

30 36

Unit B Generator Load
(MW)

Load Pick-up for B:
6 MW for 0.01 Hz
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LoadFRespons

A Portion of system load that increases or
decreases when frequency Increases or
decreases

A Measured in MW/0.1 Hz

A Approximately - 2 % load change for a
1% change In frequency
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Load FResponsexkxamn

A System Load = 36,000 MW
A Frequency Change =-60.03 Hz
A What 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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SystemCCharaeteris!

NFrequency Bl &
March 1, 2011 Values
PJM RTO = 1,366 MW/0.1 Hz
June 1, 2011 Values
PIJM RTO =1,497 MW/0.1 Hz

Governor Characteristic + Load Characteristic
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Regulatior

A Generating units that provide fine tuning
which Is necessary for effective system contro

A Governors respond to minut®-minute
changes In load

AdwS3dzA F GAYy3I dzyAGaég O:
changes that cause the power system to
operate above and below 60 Hz for sustained

period of time ’g
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Regulatior
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Economic.Conti

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

A Moves the operating point of generating units
to new setpoint
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ACEfEquation Contrbutio

Area Control Error

N L. _ | PdM Frequency :
Tie Line Deviation Bias Deviation + | Adjustments

Largest Offset
to ACE
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ACESStrp Cha

Raise Lower
Under-generation Over-generation
3 AM
g§§7
2 AM T

500 MW 0 500 MW
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Area(GControl Err

(NERC Standard)

EASTERN
INTERCONNECTION PIM

GEN= 400,000 GEN= 38,000

LOAD = 398,000

TIE LINE FLOW LOAD = 40,000

2000 MW

SCHED INTG= +2000 MW > SCHED INTG= -2000 MW,

AREA CONTROL ERROR =0 AREA CONTROL ERROR =0
BOTH SYSTEMS BALANCED
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Area(GControl Err

(NERC Standard)

EASTERN
INTERCONNECTION PJM

GEN= 37,100
GEN= 400,900

TIE LINE FLOW LOAD = 40,000

2900 MW

LOAD = 398,000

SCHED INTG= -2000 MW

>
FREQ.= 59.9843

SCHED INTG= +2000 MW

AREA CONTROL ERROR =? AREA CONTROL ERROR =7
LOSS OF 1000 MW G%NERATION IN PIM
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Area(GControl Err

LOSS OF 1000 MW GENERATION IN PJM

EASTERN INTERCONNECTION ACE
(less PIM)

Freq= 59.9843 Hz
Freq Bias =- 5721 MW/.1Hz
ACE=[2900- 2000] - [(59.9843-60)(-5721)(10)]
ACE =(900) - (-.0157 *-5721 * 10)

ACE=0

PIM©2011

PJM ACE

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
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ControlFRerformance:Standa

A CPS1

I Based on frequency and ACE
I Maintain ACE at O or deviate to help system frequency
I Calculated each minute

A CPS 2

I Statistical measure of ACE magnitude for 10 minute
segments

I Limit unacceptable large net unscheduled power flows
I Keep magnitude of variation less than L10

A(L10 = 276.98 MW as of 03/01/11)

A(L10 = 290 MW as of 06/01/11) ,

A Fail CPS 1 OR CPS 2 = FAIL § g
- CPS 1 > or equal to 100%

- CPS 2 > or equal to 90%
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CPSPRerformance:Stand

CPS is a statistical measure of ACE variability and its relationship to frequency e
Is intended to provide a frequersgnsitive evaluation of how well PIM meets its der
requirements with its supply resources. This measure does ramer&@LE as a visual indica
that PJM Interconnection system operators use to control system generation nor does
unscheduled power flows or minimization of inadvertent interchange. The requirement |
by CPS is that, for a given periodh¢ product of ACE times frequency error shall be boui
a constant derived from PJM6s Frequen
Frequency Bound. Average compliance ratios are converted to monthly compliance pe!
as follows:

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

CPS is a statistical measure designed to limit unacceptably large net unschedule
flows by providing an oversight function that bounds ACE. The requirement imposed §

Is that teAaminute averagesfo P J MO s ACE shall b e b o
probabilistically from al/l Eastern I nt
Bi ases and the Eastern I nterconnectior

percentages are calcuddtas the percentage of #@mmnute periods each month that the ¢
requirement is met.

Compliance
A Control Compliance Rating is measured on the following criteria:
CPS100% then score = 100%
CPS 2 90% then score = 100%
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ControlFRerfonmanceStanda

A Balance Authority ACE Limit (BAAL)

- Maintain interconnection frequency within a predefined frequency
profile under both normal and abnormal conditions, to prevent
frequencyrelated instability, unplanned tripping of generation or
load, or uncontrolled separation or cascading outages.

- PIM 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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Disturtbance: Ganditior

A Return to predisturbance
conditions within 15 minutes
(NERC Standard) following
system disturbance (PJM
Operators rated on 10
minutes)

A Does not include normal loac
or generation excursions or -
telemetery problems. C o
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Incremental Costambhde

A Economic control signal is called
lambda

A Measured $/MWhr

A Moves operating point of
generating unit to change MW
output to assist ACE in returning
to zero

I If ACE<O, lambda
Increases

I If ACE>0, lambda
decreases

A Cost to generate the next MW
from the unit

PIM©2011 24 10/26/2011




OutputLambda
150 18.0
300 19.7
450 225
550 24.1
600 27.3
650 31.0
700 345

PIM©2011

Incremental CostCur

40

35
30 //
Incr. 29 /-/

Cost 20 p—""
($/|\/|Wh I’)15

10
5

150 300 450 550 600 650 700
Output (MW)

25 10/26/2011



Systemiincremental Cul

Lambda

$/MW

HR Unitl Unit2 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
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Out @fiMerib @perationf(Off:C:

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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Ouit @f\MeriD RDispatch(SliisCe

Lambda

$IMW
hr Unitl Unit2 Unit3 Unit4 Unit5 Unit6 Unit7 Unit8 Unit9 TOTAL
26.0 119 120 159 73 58 585
27.0 126 126 222 82 12 65 20 677
280 |_132 132 274 &9 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

Load Demand = 853 MW
LMP (Locational Marginal Pricing)
Varies Bus to Bus
More on LMP | ater é
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Generations 'Shif

Bus 1 Bus 2
‘ 820 mw__
800 mw Limit )
4 .
- decrease reduces flow + Increase

Bus 2 generator - increase output
Bus 1 generator - decrease output

Amount of shift depends on Generation Shift Factors
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Economic.Conti

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

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

A Adjustments are allocated to generating units

to optimize economy 6



Regulationbefine

A A variable amount of generation energy under
automatic control which is independent of
economic cost signal and is obtainable within

flve minutes

A Purpose- adjust generation for small on going

load variations

\_\\ -
! AN

L
,
™
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Regulationvvs: &conomicCan

Regulation Economic Control
A Continually fine tunes ACE A Matches larger system changes
A Rapid control response (< 5 min.) 2 Slower, steadier response
A Assigned to select units All units have capablllty to respond

_ A Controls generation over larger range of
A Controls generation over small band load changes
(1% of load) A Manual or automatic

A Automatic
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A Cost

I As determined by the Cost
Development Task Force
(CDTF) formula (Manual-i/b)

I Actual cost for a generator to
produce a given amount of
energy

I Entered into eMKT and used
only in specific circumstances

PIM©2011 33

Costwersus Pric

A Price

As determined by generator
owner

Not necessarily related to the
actual costs of energy
production

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

10/26/2011



PJWito\WWIOCUIC G dnfatima

A The following information is sent by PIM to
the Control Centers:

PIM©2011

,JM ACE MW
PJM Regulation Signal

Price $/MWh which correlates to
desired MW (LAMBDA)

q

/\
ey
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MOC/LC G teJRIMdnfarma

A Information from Control Centers to PIM
I Actual total generation MW
| Total assigned Regulation MW

I Actual net interchange /intrachange MW
I Reserve data

N\ B
Yz //

10/26/2011
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Impacts to:Generatiocn Can

w Load

¢ Out of operators control
w Except in emergencies

w Interchange

¢ Out of operators control
w Except in emergencies

w Economic Dispatch Solution
¢ Under operator control

PIM©2011 36 10/26/2011



Singjle(Contrioh Are

e
Scheduled
Interchange

e

Internal eSchedules Trans

PJM .
‘4 ‘/
Free-flowing ties f
between TOs




TransactionRamy

PJM allows at least 1000 MW net interchange
Ramp changes every 15 minutes.
Ramp limit post-integrations TBD

NET Interchange = +350

Net Interchange for next
15 minute period can go
as high as +1350 MW or
as low as -650 MW




Dailyllcoad Shay

Load (MW x 1000)

40 —

36

34 {00 GasioilDieseliydro Units ﬁ:
32" _— |
30 - e oo U Traditional
28 T N
26 -

. 125 Baseload
24 ~ Coal/Nuclear/NUG Units

1 3 5 7 9 11 13 15 17 19 21 23
Hoursgof Day
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M Agendz

A Background on Generation Control

A Security Constrained Economic Dispatch
A PJM Control Room Positions
A Morning Load Pickup
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SCEDD Winta Redl=s

w Current Economic Dispatch Tools
¢ RT UDS

w Projecting out 15 minutes to dispatch online units
wNo CT commitment, only deommitment

¢ LA UDS
w Projecting out 15, 30, 45, & 75 minutes to commit CTs

w No 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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SCEDD What isODiffere!

w RT SCED and IT SCED design

¢ Introduce multi interval/multi horizon solution with
flexible individual objectives

COYLI 28 -02 daLdfASYRSE 2 LIGAYAT I (A
w Dispatcheffocused user interface

¢ Information displayed in a more relevant format

¢ Many dispatcher actions can occur directly from the user
Interface

PIM©2011 42 10/26/2011



WihatissCGCA

TheGenerationControl Application consists of
the four highlevel functions:

Automatic Generation Control (AGC)
Multi -interval Security Constrained Economic Dispatch (SCED)

Adaptive Generator Model (AGM)in evaluationphase

Some entirely new components, somedesigned
components as part of the A@rogram

-
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How!{t AAlF FtSobegetr

Generation Control Application (GCA)

realistic generator
response profiles

IT-SCED

demand trajectory, generator loading strategy, CT commitment

75

RT-SCED

final dispatch contour, pricing

v A \/ \ /
Current Operating Plan (COP)

generator dispatch range & sequence solution
regulation signals
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Punposer0SCEL

A Security ConstrainedEconomicDispatch(SCED)

A Calculate the desired MW output level for all
units on the PIJM System.

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

LS

-
o
el
i

| Gl
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Componentsaf (SCE

i Real Time (RT) SCED
A10-20 minutes

I Intermediate Term (IT) SCED
A15-120 minutes

RT SCED I'T SCED

\ N/ NN

G | | |

Now 15 minutes 120 minutes
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PIM©2011

ubs

Now

LA UDS
#1

LA UDS
#2

LA UDS
#3

LA UDS

UDS and LA UDS today

N YN N N

IT SCED IT SCED IT SCED IT SCED
Now RT SCED #1 42 #3 #a
RT & IT SCED
47

UDSvwsSSEE
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Intenvals

AL¢ {/ 95 da&df221a | KSI R¢
solutions.

A Unlike Look Ahead UDS, The IT SCED interve
are timecoupled.

I This replaces the on/off CT commitment of LA
UDS

AIT SCED intervals are synchronized with the
clock ¥ hours, 00, 15, 30 and 45.
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http://www.clipsahoy.com/webgraphics2/as3200.htm

A Intervals are slices of time.
A Inputs:

PIM©2011

" Load

- Unit parameters

Day ahead schedules
Hydro schedules
nterchange

" Constraints

i/ 2YYAUGGSR

/

49

Intenvals

¢ Qa

0f 23ISR
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RT & THESEEL

ANhy are there two SCEDSs?

c¢Processing Speed

cEach has its own objective

c¢IT SCED
cCT commitment
cGuide RT SCED

c¢RT SCED
cOn-line unit dispatch
¢Pricing Calculation

¢2 Independent engines
¢But IT SCED creates a path for RT SCED to follow

PIM©2011 50 10/26/2011



Envelope:

~——-——t+—-—-—+4— A RT SCED solutions are
=me  guided by SCED IT
solutions

A This path is referred to as
an Envelope

I
D spatc.'nabl':l Range

([ — — — — — — ——

|
300 mw I
@
I . . . =, =
A Limit Priorities
I Regulation or Spinning Lim
I Economic Limits
I Envelope Limits
RT SCED T SCED I Ramp Limits

00:10 00:15

I
I
I
I
I
|
|
Now-Current
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InputsimtcSCEL

A Load Forecast

A Current generator outputs and actual interchange values from
the State Estimator.

A Scheduled interchange from EES.

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

A Constraint information from the Dispatcher Management Tool
(DMT).
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ResultscoBCEL

A A solution that contains:
I Recommendation changes of Dispatch Rate.
I Alist of all active constraints on the system.

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

I Individual Generation setpoints and dispatch
rates for all units

I The abllity for the Generation Dispatcher to
produce alternative solutions.
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Process . Qvervie

PJM EMS
PJM eMKT

State Estimator

AEnergy
Transactions

MAet Tie
Schedules

Dispatch Solution
Individual Unit Dispatch Points
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Adjusting theSCELSolufion

A Adjustments that can be made by the
Generation Dispatcher
I Look ahead interval.
I CT Startup and minimum run times.

T The constraint controls that will be used In the
solution.

I % of rating for constraint control.
A Adjust dispatch levels for two additional solutions.

- Bias the solution up or down
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Issuing-anew AJAMBL

A The Generation Dispatcher will:
I Validate system constraints
I Review Constraint Controls
i Review recommended solution
I Review alternate solutions

I Select a solution or adjust inputs and execute a
new solution.

I Approve solution
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Control/Area Configuradti

Generation Instructions

Inputs
Constraints

Outages
SE Solution

Load
Curves
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SCED Ul
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