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Potential OPF Challenges

o Unenforceable Transmission Constraints

» Unenforceable Area Constraints due to
insufficient generation reserves

* Too much power transfer in LP causes
power flow solution to diverge
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Analysis of Unenforceable
Constraints

o Example: PJM Case
 |nitial solution has 16 unenforceable constraints

» Of these many seem to be caused by radial
— Change Limit Monitoring Settings to ““Ignore Radial
Lines and Buses”

» Radial Busis connected to the system by only one
transmission line

* Radial Lineisaline connected to aradial bus.

— Choosing this eliminates the unenforceable
constraints
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Unenforceable Constraints

» Check unenforceable linesfor VERY large
MVar flows

—Add Columns for Max MW and Max MVar on
LP OPF, Lines and Transformers

o LTC tap ratios

» Phase-shiftersin series with an overloaded
branch
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Reset the Tap Settings

o Set al transformers on tap control to have aratio of
1.00

o Set al phase-shiftersto be controlled by the OPF
solution

— Phase Shifters have three control options
* None-leave at afixed angle

» Power Flow — Allow the power flow solution to dispatch
according to the setpoints of the controller

» OPF — Allow the OPF slinear program to “dispatch” the
transformer for amore global optimization
— Use caution with Phase Shifter MW limits when using
OPF control — large ranges may cause OPF to dispatch to
an unstable point
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Unenforceable Constraints Left

» Thisresultsin areduced list of 17 unenforceable
constraints

Lines{Transformers | Interfares |

Fram Nurber | From Name [From Area Mame [To Number | To Name |To Area Name |Circuit [Maritor [Max MvA [+ of b Linit (Max) [ Lim Mvs [y Marg, Cow

1 4257 PLYMOUTH _ PECO 4262 PLYMOUTH | PECO 1 |vEs 713 1261 57.0 9999.0
2 430] TRADECIT  PENELEC 432 PUNKSUTA  PEMELEC 1 |¥ES 45.8 1s8.1]  29.0 9999.0
3 3300 KEVCM1  PPRL 3399 NAZARETH  PP&L 1 |vEs 474 103.0 460 9999.0
4 440 EPIKE PEMELEC 445 EFIKE PEMELEC 1 YES 616 236.9 26.0 9999.0
S 419 SHAWNYILL  PEMELEC 428 SHAWVILL  PEMELEC 1 YES 128.5 100.4 128.0 9999.0
& 384 MMESHOPP  PEMELEC 406 MEHOOPAN  PEMELEC 1 YES 2.0 115.5 71.0 9999.0
7 434 SHAWNYILL  PEMELEC 435 SHAWVILL  PEMELEC 1 YES 129.1 100.9 128.0 9999.0
g 3080 SAKROMN PPEL 3230 SARROM PPEL 3 YES 197.2 108.3 182.0 9999.0
9 4257 PLYMOUTH ~ PECO 4261 PLYMOUTH  PECO 1 YES 7.6 121.4 9.0 9999.0
10 BE63 MILLROAD  DPEL 8872 SUNSETLA  DPEL 1 YES 140.7 102.7 137.0 9999.0
11 3080 SAKROMN PPEL 3230 SARRON PPEL S YES 99.4 109.2 91.0 9999.0
12 3390 KEV CM 1 PPEL 3408 SIEGFRIE PPEL 1 YES 45.5 105.5 43.0 9999.0
13 434 SHAWNYILL ~ PENELEC 436 SHAWVILL  PEMELEC 1 YES 118.7 154.1 770 9999.0
14 3391 KEV CM 2 PREL 3399 NAZARETH  PP&L 1 YES 47.4 103.1 46.0 9999.0
15 3080 SAKROMN PREL 3230 SAKROM PREL 4 YES 194.1 107.3 181.0 9999.0
16 423 SHAWNWILL ~ PENELEC 428 SHAWVILL  PEMELEC 1 YES 119.0 154.6 77.0 9999.0
17 4214 NWALES PECO 4217 N WALES4  PECO 1 YES 92,7 113.0 2.0 9999.0
18 1562 BIRDBORC — METED 1593 PIME LME METED 1 YES 34.0 100.0 34.0 9327.0
19 226 TYRONEN PEMELEC 425 PHILIPSE PEMELEC 1 YES 125.0 100.0 125.0 413.3
20 1152 HUNTERST ~ METED 1221 HUNMTERST ~ METED 2 YES 251.0 100.0 251.0 299.4
21 4111 EDDYSTON ~ PECO 4172 LLANERCH  PECO 1 YES 215.0 100.0 215.0 158.5
22 9017 KENT DPad 9650 DOVERAZE  DPAL 1 YES 106.0 100.0 106.0 101.5
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A Closer Look

» Look more closely at the mgjority of the
remaining unenforceable constraints

— Continues to show alarge number of under
radial elements which should probably just be
ignored

A handful of elements require greater study

—Breakdown and just start drawing aoneline
diagram to represent this part of the system

—You will start to see what the problem is
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Example: Internal Shawuvill

» Rest of
=~ the
.~ =~ System

asmawn @
osTp.

)_D‘ws

/
Four of the stepup transformers
experience high loadings. | choose
to just ignore these limits.

o The lines from 426-228 and 423 -
426 also experience high loadings
because the generators are all at
their low limits and can not back
down far enought to remove these
problems.

To fix this, | have turned off
generators at buses 431 and 424
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Example: Internal MERCK
-
59.29 $MWh 4212
1.0131 pu NWALES
82.2 MW
; 5 va;r “\L‘ 14.1 Mvar
} | 417 i 4216 H
N WALES: ! 822Mw
e Mvarz;g h’mf"" 50,64 SMWH) NS‘;V:: ;Smwn 25.2 Mvar
Ml 10185 p  Loi6pu JJ 20.9 Mvar
ﬁl%/\l/:LES _*. ‘;I_ AM2/1\/5ALES
Tomp Lowopn
39Mw
4217-4216 line has a large sl 45 Lomar e
impedance of 0.15 compared to o £+ 7 Totarpu = L 1600
the lines 4214-4217, 4214-4215, s —
4216-4215 which have 10181 pu MERCK
impedances of 0.0002
This means that 4216-4217 will MERCK MERCK 3
NEVER have any flow on it. Lo Soopy
Thus the line 4214-4217 is
essentially radial.
0.0 MW 14Mw
June 14-1¢ 0.0 Mvar 15 Mvar 9

After these changes we remove
all unenforceable Constraints

« Still some very high cost constraints remain
» BIRDBORO —Pine LNE = 772.8 MV Ahr

LinesfTransformers Ilnterfaces ]
From Mumber | From Mame |From Area Name [To Number [ To Name | To Area Mame | Circuit [Monitor |Max MVA
1 1
2 3390 KEY CM 1 PPEL 3408 SIEGFRIE PP&EL 1
3 1152 HUNTERST ~ METED 1221 HUMTERST  METED 2
4 228 TYRONEN PEMELEC 425 PHILIPSE PEMELEC 1
5 4111 EDDYSTON  PECO 4172 LLAMERCH  PECO 1
) 5002 LUMBERTO  PSERG 5179 LUMBERTO  PSERG 1
7 4957 BAYOMNE PSE&G 5004 MARION PSERG 1
8 2550 WHIPPANY  JCPEL S017 ROSELAMD  PSERG 1
9 6361 GOULDST BGE 6372 WP PH.51 BGE 1
10 6361 GOULDST BGE 6373 WP PH.52 BGE 1
11 8601 SILYERLA AE 8605 SILVERLA AE 2
12 4085 CROYDOM — PECO 4971 BURLINGT  PSERG 1
13 4954 ATHENIA PSE&G 5020 SADDLEER  PSERG 1
14 4957 BAYOMNE PSE&G 5005 PYSC PSERG 1
15 4 COMASTON  PIMSOD 5963 COMNASTOM  BGE 1
16 4 COMASTOM  PIMSOD 26 HUMTERST  PIMSOO 1
17 7 RRANCHRI  PIMENN 7IFIROY PIMENN 1
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Birdboro — Pine LNE

* Yellow Region formsa
“load pocket” for two
large loads

— 85.3MW
— 193.7 MW

* The69 kV
lines feeding
thisregion
have high loadings
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Contour of Prices around
Birdboro — Pine Lne

e Load Pocket

» These prices
could be
reasonable.
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Unenforceable Constraints
Summary

» Look for radial systems and “load pockets’

» Look for generators or phase-shifters which can
relieve problems

— Give the OPF more controlsto FIX the problems
» Look for constraints which don’t make sense
— Radial lines serving load
— Radial transformerg/lines leaving generators
» Use your judgment to setup a reasonable case

» Redlize that some unenforceable constraints are
inevitable at first
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Insufficient Reserves

 Inthisexample, Area 28 (JCP&L) does not have
enough AGCable generation

» Message Log: “Insufficient controls to enforce
area ... constraint”

Area Murm [Area Mame [AGC Status |Gen M AGC |Gen My AGC [Mw! Marg. Cost|%F Phase |Branch Mwa | Interface MW
e

The LP OPF has the fallowing unenforceable constraints...
n 32 BGEE OPF 45.37 108863 152,49 1D NO MO

33 PEPCO OPF 36,18 776,32 81,65 Mo N MO
34 AE OPF 17362 1330.38 110,13 M0 NO MO

25 PIMS00 OPF 65,45 1039.55 14.37 10 lile] MO It

26 PENELEC | OFF 23,83 121027 ) ) HO e

27 METED OPF 127,93 39117 13,53 Mo N MO T

28 ICPaL OPF 1153.00 O NG MO Mt

29 PPEL OPF 446,28 699732 100,62 Mo N MO T

W 30 PECO OPF 70279 808.21 88.67 MO HO NO I
31 PSERG OPF 244,71 2022,3% 75,89 M0 N MO T

e

I

e

Simulation: LP OPF Finished with unenforceable constraints in
LP Cost Function = 161537427 v
< >
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Insufficient Reserves: Tips

» Examine Generator records or Areafield
“Gen MW AGC Range Up”

* Toresolve
— Commit more generation
—Make more generation AGCable

— Increase imports, or make Area part of a Super
Area

— Decrease load, or make load dispatchable
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Too Much Power Transfer

» Thelinear program (LP) iterates with the
non-linear power flow to achieve
convergence of the entire solution

 If an AC OPF is performed over avery
large area, the LP may dispatch generators
INn amanner that exceeds voltage stability
margins

« May occur more frequently in WECC cases
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Too Much Power Transfer

» Example: A Northern and a Southern section of
the eastern interconnection in one Super Area
— North: includes eastern PIM, AEP, First Energy
— South: includes TVA, Southern Company, Entergy
» Assume generation much less expensivein the
south, so OPF will try to increase the transfer
from south to north

» OPF may exceed stability margin of power flow
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Too Much Power Transfer

» Message Log

Message Log
Insufficient controls to enforce line 31990 TO 82130 CKT T2 MYaA constraint
1 Unenforcesble Gernerator MW Limits

Unable to enforce generator 18137 (W3 BFM) #1 MW Limit

Sirmulation: LP OFF Finished with Error = Power Flow Did Not Converge in 9,23 Seconds
LP OPF &borted with Error = Power Flow Did Mot Converge

<
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Too Much Power Transfer: Tips

e Tighten MW Limits on generators with
unrealistic limits (e.g. Max MW = 9999)

» Place less of the system on OPF control
o Useinterface limits

» Break alarge area (or super area) into two or
more smaller areas; use OPF dispatchable
transactions between the smaller areas

» Manually move generation in the direction of the
LP transfer, resolve power flow, restart OPF

» Use DC Power Flow
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» Example: Break MMWG super areainto
Northern and Southern super areas

» Add anew transaction between a Northern area
(e.g. AEP) and a Southern area(e.g. TVA)

e Set MW limits on the new transaction

 |f OPF and power flow solve, try increasing the
limits of the transaction — stop when the power
flow will not converge
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OPF Dispatchable Transactions

South-North transaction limited to 500 MW beyond base case

© Transaction Dialog ]
Transacl tion 10
Transacting Area 147 (Twa *| Transaction ID - Switch Directions

On OFF control
ansdGon ko Area  |205 (AEP ) -
On OPF cantrol
o
H Piecewise Linear Transaction Cost Curves for Area 147 (TWA)
OPF determines O e o o) | iy eteredforaroe e e ot on OPF ontrel, Loz ngatve
A 0.00 % | MW values for imports (purchases) and positve M values For exports (sales).
H 1 — | Casts must be manotanically increasing.
Optl mal transmtlon' =0 ¥ | Curve For Area 147 (TVA) Curve Far Area 205 (AEP)
|f tl'ansaCtI on |S Transac! tion Mazimum MW 500,00 = | |
Exparts Transmission Charge \ 0.00 = | I
non— bl ndl ng a the Imparks Transmission Charge CEY =
. b =
solution, then areas
areacting asa
single super area. = | _xom| Ze |
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Manually Move Generation

» Solvea“Single Outer Loop” of the OPF
» Look at OPF controls following the failure

Move generation in direction of transfer (e.g.
10% of the transfer)
Attempt to resolve the OPF

— Often additional transmission constraints will become
binding before the full transfer is made

— OPF will know to movein adifferent direction
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Manually Move Generation:
OPF Controls

LP OPF Dialog [ (=]
Options | Results LP Solution Detas I
AL Varisbles |LP Bacic Variabls | LP Basis Matrix | Inverse of LP Basis | Trace Solution |
o3 Org. alue| Value [Delta Value [Basiciar [NonBasicvar [Cost(Donn}|Cost{Up) [Down Range [Up Range [Reduc &

1 faen 30 #H MY Control 445,400 445,400 0.000 a 1 123,36 At Max 183.400 At Max

2| Gen 30 #L MW Control 404.600 404,600 0,000 o 2| 173.80 AtMax  166.600 At Max

3| Gen 31 #H MW Control 45,400 445.400 0,000 [ 3] 13542 AtMax  183.400  AtMax

4|Gen 31 #L M Control 404.600 404,600 0.000 a 4 124.68 At Max 166.600 At Max

5|Gen 32 #H M Control 432,600 432,600 0.000 a 5 178,68 At Max 176.100 At Max

& Gen 32 #L M Control 417.350 417400 0.050 [ 6 17184 AtMax 171900 AtMax

7]Gen 34 #1 M Cantral 1085051 1117.000 31,949 [ 205 65.76 AtMax 24,000 AtMax

8|Gen 37 #1 MW Cantrol 1115.000 1119.000 0.000 a 8 60,36 At Max 19.000 At Max

8] Gen 38 #1 M Cantral 1105.000 1144000 39.000 [ 74| AEMn| At Max AtMin | At Max
10]Gen 39 41 M Contrel 1043.000 1043.000 0,000 [ 10 8520 AtMax 12000 AtMax
11 [Gen 40 #1 MW Control §38.000 838,000 0.000 a 11 50,28 At Max 3.000  Af Max
12|en 350 #1 MW Control 195.000 167000, 2,000 [ 2] AtMin| AtMax AtMin | At Max
13en 369 #1 M Control 85.000 85.000  0.000 [ 13 40380 AtMax 5.000 At Max
14 |Gen 373 #1 MW Control 175.000 175,000 0.000 a 14 207,12 At Max 55.000 At Max
15|Gen 373 #2 MW Control 5.000  0.000  -6.000 o 15| Athin| sB2.84 AtMin 6,000
16|en 424 #1 Mw Control 98.627| 122,000 23.173 [ 16 14868 AtMax 60000 AtMax
17 [Gen 431 #1 MW Control 125.000 125,000 0.000 a 17 207,12 At Max 63.000 At Max
18]Gen 523 #1 MW Control 5.000 6000 0000 o 18 Athin 619.92 AtMin 6,000
13]en 601 41 M Control 620,000 620.000  0.000 [ 19 104 AtMax 320000 AtMax
20|Gen 602 #1 MW Control 614.000 6£14.000 0.000 a 20 164.28 At Max 314.000 At Max
21|Gen 603 #1 MW Contral 650,000 650,000 0.000 a 21 158.40 At Max 350,000 At Max -

< >
' oK Salve LP OPF ‘ Single Outer Laop ‘ Initialize LP OPF ‘ Print | P Help ‘ X cancel |
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Manually Move Generation:
Spreadsheet

» Use a spreadsheet to step the transfer
* Set GenMW = Orig. Value + (Vaue— Orig. Value)* PercentMove

1. Send OPF - B\f!!-- b\.m:gj:.x S S A Nih
=" R IrE k-4 W W Y . T T
controlsto the - T — v' T
Gen Recods
spreadsheet G 0 e o
0 L 3911864 YES
3001 Bmoe
300 o
2. Paste Gen __ [ e
k] 1 1070973 YES
Records back into 0
2 1 e
- =) 1 816821 YES
Si mulator, solve %E % ‘EEEEE
power flow, and Gl e :
""" 13 ¥ |
restart LP OPF szaal
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