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LMP Analysis: Outline

 Sample California study: process overview

— One possible “step by step” approach for
developing LMP Analysis on a utility-scale multi-
area case

— Use of Super Area to model I1SO control
— Analysis of unenforceable constraints

e More on unenforceable constraints and other
OPF challenges
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Sample California Study
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Process Overview

* Case Development
— Select area(s) of interest for study

— Establish the set of OPF controls: OPF, unit commitment, and AGC
settings

— Establish the set of OPF constraints: Limit Monitoring settings
* Load cost curves for thermal generators
* Solve unconstrained OPF for area lambdas

* Set hydro dispatch to historical levels and hydro cost curves
to unconstrained area lambdas

e Solve transmission-constrained OPF

* Review results, analyze unenforceable constraints, and
iterate process as necessary
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Case Development Suggestions

* Full OPF analysis on a large case may be time
consuming

* For extremely congested cases, there may be
no solution that satisfies all constraints

* For meaningful results, it is recommended that
the scope of analysis be limited to a region of
interest such as a few control areas or a single
RTO territory
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Case Development Suggestions

* Align the part of the system to be optimized
with the generator controls to remove the
constraints

* Do not monitor elements in the part of the
system not on OPF control

* Only place the part of the system to be studied
on OPF control
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ACTIVSg10kOPF.raw

Western Case

* Load the ACTIVSg10k OPF.raw case

e Settings described on following slides may be loaded
from M0O8_Multi-Area LMP\aux1000Master.aux

* Suppose we wish to model an LMP market for
California

— 5 separate control areas

— 1098 total generating units, 852 committed
generating units

— 7 branch thermal violations in base case

M8: Multi-Area LMP Analysis © 2020 PowerWorld Corporation



ACTIVSg10kCA.pwd

Starting Case
with Overloads on High-Voltage Grid

Note use of
Emphasis,
Dynamic
Formatting, and
dynamically-sized
pie charts on
one-line diagram
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Case Development

Solve the power flow first!
Area/Zone Filters: show areas 3-7 only

Area AGC
— Set areas 3-7 on OPF control
— Set area 9 to Off AGC
— Set all other areas to Part. Fact AGC

— Set all Area Unspecified MW Interchange equal to actual
interchange (Interchange -> Actual MW Export)

Generator AGC: set to YES for all generators in areas 3-7
except hydro, wind, and solar (load cost curves for types)

Limit Monitoring Settings
— Report limits for areas 3-7 only, 100 kV and above
— Do not monitor radial lines
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* Load cost curves and fuel types:

Cost Curves

aux1060GeneratorCostModels.aux

Model Explorer: Cost Curves Linear

Explore n X Cost Curves Linear (filtered) | X Buses | X Areas
Explor Fields D % Al %8 5% ¢ ?&D Records ~ Geo v Set~ Columns ~ “E' "%{“;E' ¥ o~ HH | Options -
d Recent ~ Filter |Advanced| ¥ | Generator W % | Find... Remove Quick Filter ~
4 Metwark
. Branches By Type Mumber of| MName of Bus Area (ID|Status [AGC|Gen MW |Min MW |Max MW [Fuel Cost| Fuel Type (MW Break 1|MWh Price JMW Break 2{Mh Price AMW Break 3|MWh Price 3|MW Break 4|MWh Price »
Bus Mame of
@ Branches Input
Gen
ﬁ Branches State o
B Buses 1| 20288 MCCLELLAN 1 Morthern 1 Closed YES 2390 77.00  1.000 Natural Gas 23,90 21,84 34,52 22,93 45.14 24,31 55.76 26.
" y .
Ml DC Transmission Lins 2| 20299 MAXWELL 4 Northern 1 Closed YES 56.77 237.47  1.000 Natural Gas 56.77 19.79 92,91 2078 129.05 2203 165.19 23,
4 P Generators 3| 20300 MAXWELL 5 Morthern 1 Closed YES 5103 237.47  1.000 Natural Gas 51,03 19,79 88.32 0,78 12561 22,03 162,39 23,
BH Cast Curves Al 4| 20301 MAXWELL6  Morthern 1 Closed YES 86.03 237.47  1.000 Natural Gas 86.03 19.79 11632 2078 146.61 2203 176.89 23,
B Cost Curves Cubic 5 20302 MAXWELL7  Blorthern]1 Closed YES 440 2860  1.000 Natural Gas 4,40 18.60 9.24 19,53 14.08 20,70 18.92 22,
RS =T 6| 20332 YUBACITY~14 Morthern 1 Closed YES 1564 33.00  1.000 Natural Gas 15.64 19.86 19.11 20,85 22,58 22,10 26.08 23,
EH Reactive Capability 7| 20332 YUBACITY~14 MNorthern 2 Closed YES 672 3300  1.000 Natural Gas 6.72 19.86 11.98 20,85 17.23 22.10 22,49 23,
HH Impedance Correction 1 8| 20339 ROSEVILLE ~8 MNorthern 1 Closed YES 673 5467  1.000 Natural Gas 6.73 13.00 16.32 18.90 25.91 20,03 35.49 21,
> BB Line D-FACTS Devices 9| 20333 ROSEVILLE ~8 Morthern 2 Closed YES 26.00 5467  1.000 Natural Gas 26,00 18.00 31.73 18.90 37.47 20,03 43.20 21,
B Line Shunts 10| 20339 ROSEVILLE ~8 MNorthern 3 Closed YES 1230 54.67  1.000 Natural Gas 12.30 18.00 20,77 18.90 29,25 20,03 37.72 21,
> B Loads 11| 20355 ELK GROVE~12 Northern 1 Closed YES 8.84 3575  1.000 Natural Gas 8.84 20,82 14.22 2186 19.60 23,17 24,99 25,
Bl Mismatches 12| 20355 ELK GROVE~12 MNorthern 2 Closed YES 1204 54.00  1.000 Natural Gas 12.04 19.06 20,43 20,01 28.82 21,21 37.22 22,
> BB Mutti-Terminal DC 13| 20356 ELK GROVE~13 Northern 1 Closed YES 1261 3575  1.000 Natural Gas 12.61 20,82 17.24 2188 21.87 23,17 26.49 25,
& switched Shunts 14| 20428 YUBACITY~22 Northern 1 Open YES 98,33 212.00 1000 NatwalGas  98.33 2284 12010 2398 143.83 25.492 27.
% Three-Winding Transfo 15| 20429 YUBACITY~23 Northern 1 Clossd YES 40.20 21200 1000 NaturalGas 4020 284 7456 23.98 10892 /.42 143.28 27.
i .TI'EI':“_""EE’tC_”TtG“_"S 16| 20430 YUBACITY~24 Naorthern 1 Closed VES 9116 21200  1.000 Natural Gas 9116 2284 11533 2388 139.50 542 163.66 27.
i f..:ca[f: TI_::S:]‘?M';”E 17| 20453 YUBACITY~27 Northern 1 Closed YES 1771 49.50  1.000 Matural Gas 17.71 20,49 24,07 21,51 30.43 22.30 .78 24,
. Agg;egations 18| 20456 YUBACITY~29 Northern 1 Closed YES 9.40  47.00  1.000 Natural Gas 9,40 19.07 16.92 20,02 24,44 21,22 3196 22,
B Areas 19| 20460 YUBACITY~33 MNorthern 1 Closed YES 19.99  47.30  1.000 Natural Gas 19.99 22,44 25.45 23.5 30,91 24,97 36.38 26.
B Balancing Authorities 20| 20468 HERALD 4 Northern 1 Closed YES 7190 176,67  1.000 Natural Gas 71.90 19.75 92,85 074 11381 2198 13476 23,
B Bus Pairs 21| 20469 HERALD 5 Northern 1 Closed YES 60,98 176.67  1.000 Natural Gas 60,98 19.75 84.12 2074 107.26 2198 130.39 23,
B8 Data Maintainers 23| 20470 HERALD 6 Northern 1 Closed YES 5361 176,67  1.000 Natural Gas 53.61 18,75 73.22 0.74 102,83 21,98 127.45 23,
+ B Injection Groups 23| 20471 YUBACITY ~2  Northern 1 Closed YES 10.04 49.00  1.000 Natural Gas 10.04 16.78 17.83 17.62 25.62 18.68 33.42 20,
» BB Interfaces 24| 20499 REDDING 123  Northern 1 Closed YES 485 2460  1.000 Natural Gas 4.85 18.53 8.81 19.46 12.76 20.63 16.70 22,
B 1slands 25| 20500 REDDING 124 Northern 1 Open YES ~ 0.00 259 2460  1.000 Natural Gas 2.59 18.53 6.99 19.46 11.39 20.63 15.80 22,
B Multisection Lines 26| 20502 REDDING 126  MNorthern 1 Closed YES 36,43 1167 36.43  1.000 Natural Gas 11.67 21.64 16.62 2.72 21.57 24,08 .53 2.
B Mw Transactions 27| 20502 REDDING 126 Morthern 2 Closed YES 36,43 8.83 36,43 1.000 Natural Gas 8.83 21.64 14.35 22,72 19.87 24.08 25.39 26, v
> B8, Nomograms 2 < >
Open New Explorer Search Search Now Options =

M8: Multi-Area LMP Analysis

© 2020 PowerWorld Corporation

10



Generator AGC

 Set AGC = NO for generators with fuel types of
Hydro, Wind, or Solar

e Advanced filters for each may be loaded from
aux1010FiltersExpressions.aux

Model Explorer: Generators

Explore o
> Recent A

4 Metwark
> Eranches By Type
HH Branches Input
@ Eranches State
@ Buses
@ DC Transmission Lines
4 ﬁ:q Generators
@ Cost Curves All
@ Cost Curves Cubic
@ Cost Curves Linear
@ Reactive Capability
ﬁ Impedance Correction 1
> B Line D-FACTS Devices
ﬁ Line Shunts
> ﬂ:q Loads
ﬁ Mismatches
> B Multi-Terminal DC

Open New Explorer

X Generators (filtered) | X Cost Curves Linear | X Buses | X Areas
E3 T B AF 8 8 4 48, | B Recoros~ Geow setv Coumns~ [ | @8- Wt ¥ B+ i 0 B | options-
Filter | Advanced| v | Generator W + | Find... Remove Quick Filter =
Mumber of| Mame of Bus ‘ID‘Smms Gen MW |Min MW |Max M [Reserve|Reserve |Gen Myvar| Set Volt |AGC|AVR|Min Myar|Max Mvar| CostModel |Part, Factor| Fuel Type ‘ [
Bus Up Down
1 202383 POLLOCK PI~2 1 Clozed 60.36 22.15 7410  13.74 38.21 7.67 1.04000 @YES -3.63 28.45 Mone 74.10 Hydro U
2 20284 POLLOCK PI~3 1 Closed 12.34 6,30 15.30 2.96 0.04 -0.75 1.04000 NO  YES -0.75 5.87 Mone 15,30 Hydro U
3 20283 MCCLELLAM 1 1 Closed 77.00 23,90 77.00 0.00 53.10 39.19 1.04250 YES YES -3.55 39.19 Piecewise Linear 77.00 Matural Gas Uk
4 20293 BURNMEY 1 3 1 Closed 4241 1442 10120 58.79 27.99 21,56 1.02116 NO YES -14.57 21.56 Mone 0 Wind W
5 20295 BELDEN 2 1 Closed 85.30 48.53 117.90 3260 36.77 45.27 1.05600 NO YES -5.78 45.27 Mone 90 Hydro LIk
& 20293 MAXWELL 4 1 Closed 237.47 56,77 237.47 0.00 180.69 50.07 1.02606 YES YES -26.36  120.87 Piecewise Linear 237.47 Matural Gas Ur
7 20300 MAXWELL 5 1 Closed 237.47 5103 237.47 0.00 186.44 50,07 102606 YES YES -26.36 120.87 Piecewise Linear 237.47 Matural Gas Un
8 20301 MAXWELL & 1 Closed 237.47 86.03 237.47 0.00 151.44 50,07 1.02606 YES YES -26.36 120.87 Piecewise Linear 237.47 Natural Gas UM
9 20302 MAXWELL 7 1 Closed  28.60 4,40 28.60 0.00 14,56 1.02606 YES YES -3.17 14,56 Piecewise Linear 28,60 Matural Gas UM
10 NMM~1 1 Open 0.00 11.02 55.00 55.00 0 1.0 ] NO  YES 0.00 0.00 Mone U
11 20304 ~1 2 Open 0.00 55.00  55.00 0.00 1.04000 NO YES 0.00 Mone U
12 20306 COBB 2 1 Closed 44.08 25.40 55.00 10,92 0.00 1.00604 NO YES 0.00 Mone U
13 20307 COBB 3 1 Closed 3.82 2.77 12,50 3.68 0.00 1.00604 MO YES 0.00 Mone Up W
£ >
Search Search Mow Options
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Limit Monitoring

Limit Monitoring Settings and Limit Violatians - o n
- - . Elements to Shaw Limit Group Values
Use the Modi reate Limit Groups to tab to
fric £ All Elements Limit Group Default ]

modify and create limit groups to which
Buses, Lines and Interfaces can be assigned.

Use the Buses, Lines and Interfaces tabs to
assign elements to different limit groups. Number Of Violations

Monitored Elements

Viglating Elements [ Group Disabled / Do Mot Monitor

Lines & Transformers | Interfaces | Buses | Bus Pairs

-

The Areas and Zones tabs are provided here Low Voltage Buses 0 Percentage 100.0 |
for your convenience. High Voltage Buses 0 Normal Rating Set | A v
Low-voltage Suspects 0 Contingency Rating Set | A w
Save Monitoring Settings Lines/Transformers 7 |:| Treat Line Limits as Equivalent Amps
Load Monitoring Settings Interfaces 0 Do not monitor radial lines and buses (applied to all limit groups)
Bus Pairs 0 {This option is not applied if using topology processing)

Buses (filtered) | Lines (filtered) | Interfaces (filtered) | Nomograms | Bus Pairs = Area Reporting | Zone Reporting | Modify/Create Limit Groups | Rating Set Names
m = %‘ﬂ ‘,0-3 ;0,3 M 9&" Records * Geo > Set~ Columns > ' “.E' ""E“,E- ¥ B~ S‘;%REL i) =~ @ Options =

Areas and Zones are not assigned to limit groups. However, a power system
element iz only monitored if ALL of the following are true

1. Itz Monitor field is set to YES

2. Its Limit Group is Enabled

3. Its Areais set to Report Limits and it meets the KV range for reporting

4, Itz Zone is set to Report Limits and it meets the KV range for reporting
Because of this, the Ares and Zone Lists are provided here for your convenience

Area Mum Area Mame | Repaort Limits Repart Min kv Report Max kv
1 1]Washington  NO 100.00 9995.00
2 2 Oregon MO 100,00 9999.00
3 3 Morthern Cal  YES 100.00 9995.00
4 4 Bay Area YES 100,00 9995.00
5 5 Central Cali YES 100.00 9999.00
5] 6 SouthwestCa YES 100.00 9995.00
7 7 SoutheastCa YES 100,00 9995.00
i) & Mevada NO 100.00 95999.00
9 9 Arizona MO 100,00 9995.00
10 10 Utsh MNO 100.00 9999.00
11 11 Mew Mexico MO 100.00 9995.00
12 12 Colorado MO 100,00 9995.00
i3 13 Wyoming NO 100.00 95999.00
14 14 Idaho MO 100.00 9995.00
15 15 Montana MO 100,00 9999.00
16 16 El Paso MO 100.00 9995.00
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Solve Unconstrained OPF

* Disable all controls except Generator MW
* Do not enforce branch or interface constraints

LP OPF Dialog [E=R(ESE(CX™
4 - Options Options |
+~ Commen Options i Consfraint Options | i d d i
- Constraint Options Common Options P Control Options | Advance Dptonsl
- Control Options Line Transformer Constraints
: — If you want to change enforcement percentages,
. -Resj\lf:anwd Options Disable Line /Transformer MVA Limit Enforcement modify the Limit Monitoring Settings
.- Solution Summary Fercent Correcton [olerance MU= [ P ——
- Bus MW Marginal Price Details MVA Auto Release Percentage 75.0 = it Monitoring Setings -
- Bus Mvar Marginal Price Details ] o <
- Bus Marginal Controls Maximum Violation Cost ($/MWhr) 1000.0 =
4P Solution Details []Enfarce Line/Transformer MW Flow Limits (not MVA)
- All LP Variables
- LP Basic Variables Interface Copstraints Monitor fEnforce Contingent Interface Elements
- LP Basis Matrix -
i A Limni @) MNever
- Inverse of LP Basis Disable Interface MW Limit Enforcement 2
- Trace Solution Percent Correction Tolerance 205 () Power Flow/OPF but not CA/SCOPF
MW Auto Release Percentage O {©) Al Applications including CA/SCOPF
Maximum Violation Cost ($MWhr) 1000.0 =
Phase Shifting Transformer Regulation Limits
[ Disable Phase Shifter Riegulation Limit Enforcement
In Range Cost {$/MWhr) 01
Maximum Violation Cost (&/Mwhr) 1000.0 =

[ ¢ oK l [ Solve LP CFF l [Single Cuter Loopl [ Initialize LP OPF l lSave As Auxl l Load Aux ] [ Prin[ ? Help ] [ x Cancel l
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Unenforceable Area Constraints

* This can occur if all
AGCa ble generators Ta an [® Message Log: ACTIVSg10k_OPF.RAW N

Adding Area MW Constraint for Southeast Ca with ACE = -0.01 -
t M d LP OPF Tableau Initialized -- Starting Iterations
a rea a re a I I I I n a n I I IaX Inner LP Loop Complete - Total Gen MW Changes = 635.3
| . . Warning - Slack bus remote regulation of bus 40840 is not allowed. The slack bus can regulate itself only.
I ItS- Mumber: 0MaxP: 0,142 atbus 23377 Max Q:  1.544 at bus 23374
. . . Mumber: 1MaxP: 0.001atbus 23377 Max Q:  0.008 at bus 30339
o Eve n If AC E I S m et p rl O r to Finished voltage control loop iteration: 1

Inner LP Loop Complete - Total Gen MW Changes = 0.0

S O I u t i O n ) C h a n ge S i n I O SS e S Warning - Slack bus remote regulation of bus 40840 is not allowed, The slack bus can regulate itself only,
Ca n C reate n eed fo r m a ke_ Mumber: 0MaxP: 0.001atbus 23377 Max Q:  0.008 at bus 30399

Finished voltage control loop iteration;: 1

u p p Owe r LP Cost Function = 832443.14
Inner LP Loop Complete - Total Gen MW Changes = 1.6
. . Warning - Slack bus remote regulation of bus 40840 is not allowed. The slack bus can regulate itself only.
e Simulat lies hard-
IMulator a IeS Nar
Mumber: 0MaxP: 0.001atbus 23377 Max Q: 0.008 at bus 30399
CO d e d S 5 O OO/ M W h Finished voltage control loop iteration: 1

p e n a Ity fa Cto r to The LP OFF has the following unenforceable constraints. ..

2 Unenforceable Area MW Constraints
Insufficdent controls to enforce area Morthern Cal MW constraint

u n e n fo rc e a b | e a re a Insufficient controls to enforce area Southwest Ca MW constraint
CO n St ra i n t S flgmcuiljasiin'::nl.cﬁ‘];PzFEESESQA;H‘; unenforceable constraints in - 0. 58 Seconds 5

£ >
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Unenforceable Area Constraints

¢ A re a 3 AG Ca b I e Northern Cal Area Information for Present
generators are at ey

- Participation Factor Control
N Morthern Cal v Find By M
IVI a X M W ame L Economic Dispatch Control
Super Area W Find ...
Injection Group Area Slack
Labels ... | |nolabels Optimal Power Flow Control

Area Slack Bus
* Close largest
Info [ Interchange | Options | Area MW Control Options | OPF Tie Lines | Buses | Gens | Loads | Custom | Stability

A‘ 3‘ bl n it E = % Al G % i ?&D 1 Records ~ Geo - Set~ Columns~ ' “E' "%’iﬁ;v ¥ B?kl' f;%'}:-; fix) - B W
a e u Mumber of Bus| Mame of Bus |ID| Status |Gen MW|Gen Mvar| Set Volt |AGC|AVR|Min MW |Max ¥ |Min Mvar|Max Mvar| CostModel ~
1 20301 MAXWELL 6 Closed  237.47 50.13 1.02606 YES YES 86.03 237.47 -26.35 120.87 Piecewise Line
. Re e a t fo r‘ a r‘e a 6 2 20300 MAXWELL 5 Closed  237.47 50.12 1.02606 YES YES  51.03 237.47 -26.36 120.87 Piecewise Line
20299 MAXWELL 4 Closed 237.47 50.12 102606 YES YES 56,77 23747 -26.36  120.87 Piecewise Line

1
1
1
20451 MIDDLETOW~20 1 Closed 127.29 0.00 1.03910 NO YES 4541 21217 0.00 0.00 Mone
5 20492 MIDDLETOW~21 1 Closed  212.17 0.00 1.03910 NO YES 78.65 212,17 0.00 0.00 Mone
1
1 Open

L]

® CO u Id a |SO a dJ u St 6 Closed 182,08 0.00 103910 NO YES 73.50 212,17 0.00 0.00 None
3 0435 JLETOW ~ 1 Open

re a 9 20490 MIDDLERQW ~19 1 Closed

212.17 MNone

0 NO YES

0 212.17 0.00 0.00 Mone
0 NO YES

212,17 0.00 0.00 Nong

. 10 20430 YUBA CITY 8¢ 1 Closed 1.01822 YES YES 212,00 -23.53  107.91 Piecewise Line
Tr a n S a Ct I O n S e 11 20425 YUBA CITY ~23 Closed 1.01822 YES YES 212,00 -23.53  107.91 Piecewise Line
. g . 12 20428 YUBA CITY~22 1 Dper w 1.01822 YES YES 212,00 -23.53 107.91 Piecewise Ling
- . 13 20468 HERALD 4 1 Closed 1.02410 YES YES 176,67 -19.61  89.92 Piecewise Line
I n C re a S e I m O rts to 14 20470 HERALD 6 1 Closed 1.02410 YES YES 176.67 -19.51  89.92 Piecewise Line
p 15 20469 HERALD 5 1 Closed 1.02410 YES YES 176,67 -12.61  89.92 Piecewise Line

16 20545 DOBBINS 4 1 Open 0 1.02704 NO YES 157,50 -7.72  60.43 None

t h e S e a re a S ) 17 20544 DOBEINS 3 1 Closed 1.02757 NO YES 157.50 -7.72 6048 None

18 ) A~5 1 Open ) NO  YES 150,00 31.25 None

13 1313 CAMINO & 1 Open ), 1.03684 NO YES 133,00 5 None

() Re s O | Ve Owe r fl OW 20 20314 CAMING 7 1 Closed 1.03684 NO YES 133.00 51.07 None

p 21 3 1 1 Open 04600 NO YES 119,00 70 None

22 NG &9 1 Open 1.02508 NO YES 119.00 -5 .70 Mong

a n d t h e n O P F 23 20333 REDDING & 7 1 Closed 1.02508 NO YES 113.00 -5.33  45.70 None

24 203592 REDDING & 6 1 Closed 1.02508 NO YES 118.00 -5.83  45.70 None y

ac NN NENNTRIC O © 1 Tlamad 1 ATCND MM VED 140 AN c o7 AC TN Rlame

£ >
q/ OK Save x Cancel ? Help Print
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Unenforceable Area Constraints

* Also an option to relax Area/SuperArea constraints up to
AGC Tolerance (OPF Options and Results... » Options =
Control Options) |

i Tre a tS AC E Commen Options | Constraint Options | Control Options | Advanced Options
CO n St ra i n tS Fast Start Generator Options Modeling of OPF Areas/Superareas

. . [] Allow Commitment of Fast Start Generators During the Initial OPF Power Flow Solution
as Ine q ua I Ity [ Allow Decommitment of Fast Start Generators ':j:j:' No Area Control
. o 2.0/= (@) Participation Factor Control {recommended)
CO n St ra I n tS Round to On Percentage of Min Limit S O Economic Dispatch Contral
Modeling Generators without Piecewise Linear Cost Curves () Area Slack Bus Control

o T h I S CO U I d ?-?:Z_Ia;: ﬂc_lisl_: Models During Stand-Alone Power Flow Solutions
- () No Area Control
p reve nt S O m e ®) Change to Specified Points per Curve (®) Participation Factor Control {recommended)
f b I () Change to Specified MWz per Segment
unenrtorceanie
a re a CO n St ra I n t S, 1n Treat Area/Superarea MW Constraints as
e, . - unenforceable even when the ACE is less than

b u t a d d It I O n a | [ |5ave Existing Piecewise Linear Cost Curves the AGC Tolerance (default is checked)

reserves are

still usually desirable Uncheck to relax ACE

constraints
M8: Multi-Area LMP Analysis © 2020 PowerWorld Corporation 16
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Unenforceable Area Constraints: Tips

e Examine Generator records or Area field “Gen MW
AGC Range Up”

* To resolve
— Commit more generation

— Make more generation AGCable, or designate some
units as OPF Fast Start

— Increase imports, or make Area part of a Super Area
— Decrease load, or make load dispatchable

— Uncheck “Treat Area/Superarea MW Constraints as
unenforceable even when the ACE is less than the AGC
Tolerance”
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Unconstrained OPF

* Note that there is a single marginal MW price
within each area

* Areas’ power balance are the only binding
constraints

* Single marginal control for each area

LP Solution Details
Al LP Variables | LP Basic Variables | LP Basis Matrix | Inverse of LP Basis | Trace Solution
i By Al %50 % # | Records - Set~ Columns~ B~ WE- WH- BH- W - B options -
Constraint ID Contingency [RHS b value|Lambda |Slack Pos| Gen 20430 | Gen 21646 | Gen 23309 | Gen 26174 | Gen 28831
D F1 MW F1MwW #F2 MW #F1 MW F1MW
Control Control Control Control Control
1|Area 3 MW Consfraint Base Case 0.000 27.450 434 1.000
2|Area 4MW Constraint  Base Case o.001 28680 435 | 1.000
3|Area 5 MW Constraint Base Case 0.001 26.680 436 1.000
4(Area 6 MW Constraint  Base Case -0.004 27,720 437 1,000
5|Area 7 MW Constraint  Base Case -0,001 32,410 433 1,000
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Set Cost Curves for Hydro Units

&
* For each Hydro Unit (filter Hydro Study), set

— AGC =YES

— Cost Model = Piecewise Linear

— Breakpoint (MW Break 1) = Minimum MW

— offer price (MWh Price 1) = MW Marginal Cost of its bus

st Curves Linear (Filter:Hydro Study) | 30 OPF Generators | X Buses | 2 Super Areas | X OPF Areas | X Generators | X Areas

= % "1 ‘:.53 ;D_B M ?&n ' Records~ Geo~ Setr Columns~ ' “.E' ",‘H:EE' ¥ @' ﬁ"‘gl fix) ~ ﬁ Options =
SET
r |Advanced| % | Generator of | Hydro stf "sie  Set All Values To... Remove Quick Filter =
Mumber of Bus| Mame of Bus  |Area Mame of| ID‘SEUJEI ; set All Values To Field.., ist] t FueIT‘ Urit Type  |Cost Shift|Cost Multiplier [Fixed Fixed MW Break ‘Mwh Price 1[I
Gen . . . . £MWh Cost{s/hr)|Cost{Mbtu/hr)

| 20233 POLLOCK PI~2  Morthern Cal 1 Closed YES 60,36 22,15 7410 1.000 Hydro UN (Unknown) 0.000 1.000 0.00 0.00 22,19 L 27.45
i 20284 POLLOCK PI~3 MorthernCal 1 Closed YES 12.34 ©.30 15,30 1.000 Hydro UN (Unknown) 0,000 1,000 0.00 0.00 5,30 27.45
i 20295 BELDEM 2 Morthern Cal 1 Closed YES 85,30 48.53 117,90 1.000 Hydro UM (Unknowr) 0.000 1.000 0.00 0.00 48,53 27.45
i 20313 CAMINO & Morthern Cal 1 Open YES 0.00 B2.15 133.00 1.000 Hydro UN (Unknown) 0.000 1.000 0.00 52,15 27.45
i 20314 CAMING 7 Morthern Cal 1 Closed YES 119,27 57.03 133.00 1.000 Hydro UN (Unknown) 0,000 1,000 0.00 57.03 27.45
i 20315 CAMIMNO 8 Morthern Cal 1 Closed YES 5.43 0.96 .00 1.000 Hydrao UN (Unknaowen) 0.000 1.000 0.00 0.94 27.45
i 20319 MONTGOMERY ~4 Morthern Cal 1 Closed YES 51.54 26.89 84,30 1.000 Hydro UM (Unknown) 0,000 1,000 0.00 26.89 27.45
| 20320 MOMTGOMERY 5 Morthern Cal 1 Closed YES 73.19 3193 8430 1.000 Hydro UN (Unknown) 0.000 1.000 0.00 0.00 31.93 27.45
i 20323 BURMEY 2 1 Morthern Cal 1 Closed YES 14.67 4,89 26,70 1.000 Hydro UN (Unknown) 0,000 1,000 0.00 0.00 4,89 27.45
| 20323 BURNEY 2 1 Morthern Cal 2 Open YES 0.00 11,37 2570 1.000 Hydro UN (Unknown) 0.000 1.000 0.00 11.3] 27.45
| 20323 BURMEY 2 1 Morthern Cal 3 Closed YES 19.20 1169 20,70 1.000 Hydro UN (Unknown) 0,000 1.000 0.00 0.00 11.69 27.45
i 20328 STRAWBERRY~5 MorthernCal 1 Closed YE5 62,65 25.29 62,65 1.000 Hydro UN (Unknown) 0,000 1,000 0.00 0.00 25.29 27,45
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Solve Constrained OPF

N\

* Enable constraint enforcement (on Constraint Options)
e Solve OPF, note several unenforceable constraints

[® LP OPF Dialog - o IE8R
4 - Options Results
-+ Common Options Solution Summar i i i i i i i
.. Constraint Options ¥ | Bus MW Marginal Price Details | Bus Mvar Marginal Price Details \, Bus Marginal Controls (filtered)
. Control Options General Results . . ) )
Line MVA Constraints Transformer Regulation Constraints
i Solution Start Ti 2018 12:01:46 PM
'_—idvlancecl Options eltion Start fime 42 Number of Initial Violations 7 Mumber of Initial Viclations 0
4 |Results i 2018 12:01:43 PM
- Solution Summary Solution End Time 12 MVA Sum of Initial Violations 111.64 Number of Binding Constraints =
. Bus MW Marginal Price Details Total Selution Time SEWeTES Number of Binding Lines 2 Mumber of Unenforceable Violations ]
- Bus Mvar Marginal Price Details Last Solution Status Successful Solution Highest Line MVA Marginal Cost 1000.00 &/MVAF
- Bus Marginal Controls ) Fast Start Generators
4 -LP Solution Detail Number of LP Iterations 330 Number of Unenforceable Violations 5 7
oluton Letalls » . Mumber of Generators Turned On
- All LP Variables Initial Cost Function Value | 1102512.61 §hr MVA Sum of Unenforceable Violations 57.40 =
i i Mumber of Generators Turned Off
tE :E‘SF ;art'?bles Final Cost Function Value | 1107582.88 §h Interface MV Constraints
- LP Basis Matrix el Vinla
- Inverse of LP Basis Final Slack Cost Value 57401.07 §/h Numnber of Initial Violations 0
. Trace Solution Final Total Cost Value 1164383.94 §/h MW Sum of Initial Violations 0.00
- a
Mumber of Buses in OPF 4147 Number of Binding Interfaces
Highest Interface MW Marginal Cost
Highest Bus Marginal Cost 1006. 23 $MWh
sph Number of Unenforceable Violations a
Lowest Bus Marginal Cost -175.31 |
g M Sum of Unenforceable Violations 0.00
Average Bus Marginal Cost 54,50 §MWh
Generator MW Control Limit Violations
Bus MC Standard Deviation 70,10 $MWh Number of Titial Violations 0
Area and Superarea Constraints MW Sum of Initial Viclations 0.00
Unenforceable Area Constraints 0 Mumber of Unenforceable Violations 0
Unenforceable SuperArea Constraints 0 MW Sum of Unenforceable Violations 0.00
' Save As Aux
Solve LP OPF Single Outer Loop | | Initialize LP OPF Save As Aux Load Aux Print '? Help x Cancel
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ACTIVSg10kCA.pwd

LMP Contour

* Note high LMPs in constraint pockets and seams
along area boundaries

OPF\Marginal MW Cost

180 $/MWh
E— 0 ¢/

-90 $/MWh

B &/Mwh
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Effect of Line Constraints

EL SEGUNDO~9

Bus: EL SEGUNDO~9 (25937)
Nom kV: 138.00
Area: Southwest Ca (6)

Zone:1(1)

1.03 pu 8.2 MW
141.48 KV -17.4 Mvar
-78.38 Deg 19.3 MVA
168.29 $/MWh ’

CKT 1
H~3

25384

Note difference in
LMP on each end
of constrained line

M8: Multi-Area LMP Analysis

0.0 MW
0.0 Mvar
25938 | |D 1
EL SEGUND~10
CKT1
v A ¢\/
‘/\o.o MW
0.0 Mvar
0.0 MVA
53.4 MW 51 MW 132.9 MW
-17.8 Mvar 10.6 Mvar 6.1 Mvar
56.3 MVA 11.8 MV2 133.1 MVA
CKT 1
v CKT 1 [GARDENA 11
TORRANCE 5|1 25436
2‘:";037pu EL SEGUND'5 K T 1
y 26033 Ty
S 11 o
. 141.38 KV 1.02 pu
82.89 $/MWh 140.88 KV
143.05 $/MWh

© 2020 PowerWorld Corporation

0.00 MW
0.00 Mvar

173.0 MW
18.5 Mvar
174.0 MVA

100%

MVA

25020

1.03 pu
141.50 KV
-70.62 $/MWh
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Options for Further Analysis

* Increase available units (and reserve margin) in
areas with limited supply

— Many generators at their max output
— 6% committed, dispatchable reserves

* Place 5 California Areas on Super Area Control

— Single power balance constraint for entire super
area

— Allows areas with limited capacity increase imports
from other areas in the ISO/super area
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California Super Area

* Hydro Price =
S30, system-
wide

* Note easing of
some
constraints and
high-price
pockets

* 4 unenforceable

constraints
remain

M8: Multi-Area LMP Analysis

OPF\Marginal MW Cost

180 $/MWh
E— 0 ¢/

-90 $/MWh

B &/Mwh

© 2020 PowerWorld Corporation
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Options for Further Analysis

* Check sensitivities on unenforceable constraints

— Optionally ignore or raise limits, change unit
commitment, or include demand response (curtailable

load)
— Some unenforceable constraints may be unavoidable
due to load pockets

* |ncorporate contingencies with Contingent
Interfaces (flowgates)

* Change cost curves (e.g. model a 10% increase in
fuel cost)
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Unenforceable Constraints

e Examine LP Basis Matrix

* Check TLR sensitivities on overloaded lines to
understand relationship between flows and
generator and load values

— Look for generators with high sensitivities that
could be committed or de-committed to relieve
constraints

— Look for loads with high sensitivities that could be
curtailed
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LP Basis Matrix

* Most marginal controller sensitivities have very low absolute
value
— Suggests presence of load pockets
— Opposite signs for different constraints (relieving one makes
another worse)

e We could also examine sensitivities for controls that are at
breakpoints, limits, or not committed

LP Solution Details
All LP Variables | LP Basic Variables | LP Basis Matrix | Inverse of LP Basis | Trace Solution

F3 7 B Ak % % #4 89, | Records~ Set~ Columns - B~ W2~ WA~ B~ % no- B | Options -

Constraint ID Conﬁngenc;‘ RH3Z b |Lambda W |Slack Pos| Gen 29004 | Gen 25923 | Gen 26197 |Slack-line Zen 29060 SlackLline |Slack-line  |Slack-line Gen 26098

1D value F1MwW F1MW F1MW (26095 TO F1MW  28623TO |28856TO  |28552TO Z1MwW

Control Contral Control  |28023 CKT 1| | Control | 23536 CKT 128591 CKT 1|28580 CKT 1 Contral
1|Line from 28856 to 28591 ckt. 1 Base Case  -0.1156  1000.000 6529 0.002 0.000 0.000 -0.043 1.000 0.000
2|Line from 28552 to 28530 ckt. 1 Base Case  -0.068 1000.000 530 -0.007 -0.002 -0.002 0.088 1.000 -0.002
3|Line from 26095 to 28023 ckt, 1 Base Case  -0,145  1000,000 526 0.001 -0,002 -0.008 1,000 0,001 0.025
4|Line from 23623 to 28536 ckt. 1 Base Case  -0.024  1000.000 528 0.011 0.003 0.003 -0.035 1.000 0.003
5|Line from 25920 to 25937 dkt. 1 Base Case 0.000 262,428 524 -0.001 0,103 0.003 -0.00T 0.004
& |Line from 28212 to 28220 ckt. 1 Base Case  -0.000 223.315 627 0.024 -0.025 -0.024 0.016 -0.026
7|Line from 26058 to 26125 ckt. 1 Base Case  -0.000 173.538 525 -0.011 -0.066 0.081 -0.003 -0.045
& |SuperArea California MW Constraint Base Case 0,000 34.476 5623 1.000 1,000 1.000 1.000 1.000
3 |Transformer from 25017 to 29016 ckt. 1 Base Case  -0.000 27.8492 631 -0.010 -0.002 -0.002 -0.174 -0.002
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PTDF Example

Load SensitivityCalcs.aux

— PTDF Impact expression adjusts sign of PTDF to correspond to

direction of flow
— PTDF Impact < 0 means transfer reduces flow

e (Calculate PTDF for transfer from Bus 29060 to California

Super Area

 Note that
increasing
generation at
29060 would
relieve some
constraints but
exacerbate
others

M8: Multi-Area LMP Analysis

o -
Power Transfer Distribution Factors (PTDFs) - o n
Linear Calculation Method ?j[e;ﬁons Seller Type Buyer Type
OLinearized AC @sindle () area O slack O Area (O slack
) Lossless OC () Multiple () Zone Inj. Group () Zone Inj. Group
() Lossless DC With Phase Shifters () Super Area ®Bus ®) Super Area OBus
DC Model —
Caloulate PTORs Options... | [29060 (CHULAVIST~3) | | Find Seller... | | Reverse Buyer/Seller | |California Find Buyer...
[ Automatically recalculate after each power flow
Increase in Losses (%:)  List Display Options
Use Area Zone Filters
0.0 L] Iz . Calculate
Only Show Above (%) 0.0~ M Distance
Lines/Transformers (Filter:OPF Constraint) | Interfaces (fitered) | Areas | Zones | Generators (filtered) | Phase Shifters (filtered)
m = % "”“' Tg'g ;0.8 9&“ 37 Records ~ Geo v Set~ Columns ~ ' “.E' "g'@' A4 B‘:'El' EERE; fix) - ﬁ Options =
From From Mame [To Mumber| To MName Cir¢uit| PTDF  |M{V From [MvA M, W | % PTDF |% PTDF |% Losses|Mom kv |Mom kv
Number Impact Cost From To (Max) [ (Min)
1| 28552 CHULA VIST~7 28580 BOMITA 1 1 I 9.96937]-184.7047  1000.00 -9.96937 9.97 0.00 133.0 138.0
2| 20095 LONG BEAC~34 28023 AMNAHEIM 2 1 1 0.97899 37,5410  1000.00 0.97399 -0.98 0,00 3450 345.0
3| 28856 EL CAJON G 2 28591 SPRING VAL~1 1 -4.37569 13,2517  1000.00 -4.37569 4.38 0.00 1380 138.0
4| 28623 LAKESIDE 2 1 28536 SAM DIEGO~53 1 -3.58710 -1056.455%  1000.00 3.58710 -3.59 0.00 138.0 138.0
5| 25920 EL SEGUMDO~2 25937 EL SEGUMNDO~8 1 -0.41267 173.2298 262,27 -0.41267 0.41 0.00 138.0 138.0
6| 28212 SAN JUAN C~5 28220 TRABUCO CA~2 1 4.05454 1¥7.0583 223.03 4.05454 405 0.00 133.0 138.0
7| 26058 SUN VALLEY ~4 26125 BURBANK 101 1 -5.20306 1533.7411 173.45 -5.20306 5.20 0.00 7850 7850
8| 29017 SAN DIEG~106 29016 SAMDIEG~105 1 -19,11140 -355.4714 27.85 19.11140 -19.11 0.00 3450 138.0
? Help ] Close

© 2020 PowerWorld Corporation
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Multiple Element TLR

* SensitivityCalcs.aux also contains expressions
and data grids to aid this analysis

 “Select” lines that are unenforceable constraints

X Branches | X “mpressions | X Case Info Customizations | X OPF Generators | 2 Buses | X Super Areas | X OPF Areas | X Generators | X Cost| !

B ] Bm Al %l gk ¢
Filter | Adwvanced| ¥ |Branch
Line/Transformer Constraints

[ Disable Line/Transformer MVA Limit Enforcement

-

Percent Correction Tolerance 2.0

[] only show Limit Violations

Only Areas with Line MVA Enforcement

[Juse Area/Zone Filters

[T]Enforce Line/Transformer MW Flow Limts {not MyA)

Do not enforce limits on radials lines and buses

w | OPF Constraint

Lirmit Monitoring Settings ...

SORT

Records = Geo~ 5et~ Columns - ' “E- "g,@v ¥ %v iah ) BH | Options -

HELD

% | Find... Remove Quick Filter -
Interface Constraints

[ | Disable Interface M Limit Enforcement Manitor fEnforce Contingent Interface Elements
=1 (IMever

-

Percent Correction Tolerance 2.0

[ ] only Show St Violations (®) Power Flow/OPF but not CA/SCOPF

() all Applications induding CA/SCOPF
[Juse Area/Zone Filters
Mote: These settings also apply to Nemoagram Interfaces

If you want to chiamge enforcement percentages,
modify the Limit Monitdheg Settings

Lines/Transformers (Filter:OPF Constraint) | Interfaces (filtered) | Momogram Interfaces (filtered)

From From Name |From Area|To To Mame |To Area Mame|Circuit| Monitor| Max MVA|% of MyA |Selected]| Lim  |MvA Ma W |'T Constrai »
MNumber| Mame Mumber| Limit {Maz) MVA | Cost
1| 28552 CHULA VIST~ Southeast 28580 BOMITA 1 Southeast Ca 1 YES 148.7 104.8 YES 141.9 1000.0 Unenforceal
2| 26085 LOMNG BEAC~ Southwesi 28023 AMAHEIM 2 1 Southeast Ca 1 YES 894.6 101.F YES 380.0 1000.0 Unenfarceal
3| 28856 EL CAJOMN 8 2 Southeast 28591 SPRING VAL~ Southeast Ca 1 YES 189.3 106.F YES 1777 1000.0 Unenfaorceal
4| 28623 LAKESIDE 21 Southeast 28536 SAN DIEGO~! Southeast Ca 1 YES 171.3 105.8 YES 161.9 1000.0 Unenforceal
5[ 25920 EL SEGUNDO Southwesl 25937 EL SEGUMDO Southwest Ca 1 YES 174.0 100.0 NO 174.0 262.4 Binding
B| 28212 SAN JUAN C~ Southeast 28220 TRABUCO CA Southeast Ca 1 YES 196.2 100.p NO 196.2 223.3 Binding o
- TMENCD CHIRWIANICW Corvblnasandd TMEATC DIINDAKILE AN Caodlhaseacd o 4 veT el | RN Al e ke latalal ATIEC DimAiemm
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M8: Multi-Area LMP Analysis

Multiple Element TLR

TLR on Selected
Devices with Super
Area as buyer

Negative values on de-
committed generators
indicate units that may
relieve congestion if
committed

Positive values on
committed generators
(especially those at
Min MW) indicate that
de-committing may
help

[®) TLR Sensitivities / Generation Shift Factors

Select Dewes,

Device Type Lines/XFMRs or Interfaces
(_Msine/XFMR. |®tnas and Transformers
InteMNgee
Multiple Esgents oth

Which Devices
) Selected Devices

verloaded Devices

) Contingency-Overloaded Devices

Select Lines/XFMRs Select Interfaces

PTDF Calculation Method TLR Sensitivities
®! Clear before Calculate
Append on Calculate

Disconnected Device Options

ossless DC With Phase Shifters Do Mot Calculate

Buses (filtered) | Generators (filtered) | Loads (filtered) | Injection Groups

Transactor

Calculate TLR Sensitivities

DC Model Options...

J Close ? help

[indude only AGCable Generators

Set Sensitivities At Out-Of-Service Buses Equal to Closest

D = 'ﬁ;ﬁ kg ‘_0'8 +"E Wl Records = Geo = Set~ Columns = | “E‘ "%:A;E' A4 k Sﬁﬂ ) - ﬁ Options =
Mumber of Bus|{ID| MName of Bus |Area Name o [ETLR W | JWTLR [26095T0 28623 TO |28552TO (28856 TO | ~
Gen KT 1{28591 CKT
1 26102 1 LONG BEAC~1 0.0831 P.2105 ! 04
2z 26101 1 LONG BEAC~40 0.0831 D.2105 0.0825 -0.0009 0.000
3 26098 1 LONGBEAC~37 SouthwestCh 0.0831 [0.2105 0.0825 -0.0009 0.0004
5 26100 1 LOMGBEAC~39 SouthwestCh 0.0830 [0.2105 0.0824 -0.0009 0.0004
5 26097 1 [ONGBEAC~36 |SouthwestC) 0.0830 p.2105  0.0824  -0.0009  0.0004
] 26099 1 LONGBEAC~38 SouthwestCh 0.0830 [0.2104 0.0824 -0.0009 0.0004 J
7 29042 1 HUMTINGTO~21 east C3 P. 1568 0.0614 5 X i
g 29043 1 HUNTINGTO~22 Southeast C2 0.0819 |0.1567 0.0613 -0.0009 0.0004 0.0001
9 25987 3 WILMINGTOMN~7 SouthwestCa 0.0514 0.1299 0.0509 -0.0009 0.0004 0.0001
10 25987 4 WILMINGTON~7 SouthwestCa 0.0514 0.1299 0.0509 -0.0009 0.0004 0.0001
11 25987 7 WILMINGTOM~7 SouthwestCh 0.0514 [0.1299 0.0509 -0.0009 0.0004 0.0001
12 25987 1 WILMINGTOM~7 SouthwestCh 0.0514 [0.1299 0.0509 -0.0009 0.0004 0.0001
13 25987 2 WILMINGTOM~7 SouthwestCh 0.0514 [0.1299 0.0509 -0.0009 0.0004 0.0001 W

© 2020 PowerWorld Corporation
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Multiple Element TLR

* Generators display, sorted by

ascending ETLR X Generators (filtered) | X OPF Branches | X Expressions | X Case Info Customizations | 2 OPF 4 |*
m e % "Hf' TU-S ;0_8 M ?&n ‘_ Records * Geo~ Set~ Columns - E’E ¥ %v ﬁ W

* Note how committed, AGCable Fiter[Aavancea] ¥ [Generator . i

un Its W|th most negat|ve ETLR I';tl;nber of| Name of Bus ‘ 0| status | Gen MW‘Min ] Max MW‘AGC Eiz:‘;::t ETLR & E&Ential P
1| 28757 CAMPO 2 Closed  40.21 2272 5000 NO NO 03550 3.4752
are genera | |y maxed Out 2 25933 NORWALK 4 4 Bpelw 0.00 2.88 670 YES NO -0.0551 0.3639
3| 25933 NORWALK 4 4 Open 0.00 395 1535 YES NO -0.0551 0.8451
3] 25932 NORWALK43 Closed  49.80 1004 4980 YES NO -0.0418  0.0000

\

d Try Committing more units With 5 25932 NORWALK 4 3 Cpen C:Ci ’:':.'—' 15.3; YES NO -0.0418 0.6418

29075 ANAHEIM 151 Closed 30.00 18.06 -0.0359  0.0000

o

i h i h T 29075 ANAHEIM 151 Closed 50.00 9.48 0.0359 0.0000

n egat Ive ETLR O r t Ose W It a 25075 ANAHEIM 151 Closed 50.00 7.79 0.0359 0.0000
1 9 259075 AMAHEIM 151 Closed 5000 1869 -0.0359 0.0000
h IgheSt prOd UCt O.f ETLR a nd MaX 10 28874 ANAHEIM 141 Closed 49,20 11.89 -0.0303  0.0000

. 7, 11 ANAHEIM 15 2 Open 000 515 00300 0.3150
MW (Custom expreSS|On ETLR 12 ANAHEIM 15 2 Open 0.00 1.7 0.3150
. 13 Closed 1498 636 0.0000
14 Closed 1497  7.33 0.0000
POtentIal ) 15 Closed  7.44  2.00 0.0000
. . . 16 Closed  7.44 137 0.0000
PY C 8 h 20 17 Open 0.00 1,80 0.2024
e.g. Commit 8 units In the top ~ Qpen | o] 10
. 13 Open 0.00 164 0.2024
units that are not already oo whmicros | open 000 s _i4ss
. d 21| 26077 WHITTIER 9 3 Tlosed 1407 708 5y 010000
22| 25984 PASADENAG1 2 Closed 4465 1411 55 0.0000
committe 23| 25984 PASADENAB1 1 Closed 4465 2087 65 0.0000
. 24| 28946 STANTOM22 1 Closed 4980 1051  49.80 YES NO 0.0000
o Resol\“ng power flow and OPF 25| 26023 POMONA72 2 Closed 4600 10.06  46.00 VES NO 0.0000
26| 26023 POMONATZ 1 Open 000 178 1060 YES NO 0.2114
: H 27| 25876 LAPUENTE~7 1 Closed 10000 3813 100.00 YES NO 0.0000
yle|dS d redUCtlon Of abOUt 7 28| 25876 LAPUENTE~7 2 Closed 10000 2242 100.00 YES NO 0.0000
. . 28| 25876 LAPUENTE~7 3 Closed 10000 1832 100.00 YES NO 0.0000
MVA Of unenforceable V|O|at|0ns 30| 25876 LAPUENTE~7 4 Closed 10000 4151 10000 YES NO 0.0000
31| 25876 LAPUENTE-7 5 Closed 100.00 3144 10000 YES NO 0.0000 ¥
< >
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Multiple Element TLR

d Generators display’ SortEd by X Generators (filtered) | X OPF Branches | X Expressions | X Case Info Customizations | X OPF |

descending ETLR D i % Ak 5 0 ?&D # Records~ Geo~ Set~ Columns - v b4 %v H

. . Filter |Advanced| ¥ | Generator W % | Find...

d N Ote hOW comm |tt€d un |tS Number of| Name of Bus |ID status|Gen MW|I".-'Iin MW Max MW|AGC Fast [ETLR ¥ |ETLR
. o, o Bus Start] Potential
W|th most pOS|t|Ve ETLR are 1| 26102 LONG BEAC~41 Open 0.0 11606 32033 YES NO 0.0831 0.000C
.. . . Z ZE107] LONG BEAC~40 Closed 6760  67.60 32033 YES NO  0.0831 56144
3 26098 LOMG BEAC~3T Closed  587] 5871 32033 YES MO 00831 48760
genera | |y at minimum ||m|t 4 26100 LOMG BEAC~39 flosed 14030 14030 32033 YES MO 0.0830 11.6514
.. . . 5 26097 LOMG BEAC~36 Closed 5699 5699 32033 YES NO  0.0830 47328
° d - h B 26099 LOMG BEAC-38 Closed 12784 127.84 32033 YES MO 0.0830 10.6154
Try e Commlttlng unlts Wlt 7 29042 HUNTINGI 21 Open 00§ 7413 21800 ¥YES NO 00620 00000
pc . 3 29043 HUNTW(GTO 22 Closed 154, e iy S OG0T
9 25987 WHAINGTON~T 8 Closed 8187 2876 8157 YES NO 00514 42103

positive ETLR or those with

h. h t d t f ETLR d 10 25937 WILMINGTON-T 4 Closed 60,50 1806 6050 YES MO 00514  3.1114
11 5437 WILMINGTOM~T 3 Closed 60,50 2458 60,50 YES NO  0.0514  3.1114
Ig €s pro uct o an 12 25937 WILMINGTOM~T 1 Closed 60,50 1521 6050 YES MO 00514 3.1114

Closed 60,50 1570 60.50 YES NC 00514 31114
Closed 8187 3739 81,87 YES NO 00514 42103
Closed 8187 159 81,87 YES NC 00514 42104
Closed &0.50 6.56 60.50 YES NC 00514 31114
Closed 32910  95.67 32910 YES NO 00490 161178
Closed 32910  83.57 32910 YES NO 00490 161129
Closed 32910 112,61 32910 YES MO 0.0490 16,1098
Closed 32910 16294 32910 YES MO  0.0489 16,1057
Closed 5.04 5.04 49,90 YES MO  0.0393 0.1980

)

: 3 25987 WILMINGTON~7

MaX MW (CUStom expreSSIOn 714 25987 WILMINGTOMN~T
“ . 15| 25987 WILMINGTON~T
ETLR POte ntia | ) 16| 25987 WILMINGTON~T
17| 26020 REDONDO B~11

18| 26017 REDONDO BE~8

* e.g. De-commit hlghESt 15| 26019 REDONDO B~10

20 26018 REDONDO BE~%

Output LONG BEACH un|t 21 23356 EL CAJON 82

Lo L gl e o P b b L 1 1 b b 1 1 ) T LA — L o B0 — b S\

22 26215 PLAYA DEL ~4 Closed 27440 12417 27440 YES NO  0.0381 10,7347

23 26216 PLAYA DEL ~5 Closed 274,40 7593 27440 YES NO  0.0391 10,7247

[ ] S | p fl h R - 24 26217 PLAYA DEL ~6 Closed 274,40 7170 27440 YES NO  0.0391 10.7166
0 Ve Owe r OW’ t e n e 25 28805 EL CAJON 71 Closed 23.36 23.36 4870 YES NO  0.0390 09104

| O P F 26 25874 CARSON 71 Closed 67.50 29.68 67.50 YES NO  0.0359 24212

SO Ve 27 25874 CARSON 71 Open 0.00 12.36 67.50 YES NO  0.0359 0.0000

28 25874 CARSON 71 Closed 67.50 16.08 67.50 YES NO  0.0359 24212

29 25874 CARSON 71 Closed 67.50 14.35 67.50 YES NO  0.0359 24212

30 25874 CARSON 71 Closed 67.50 31.18 67.50 YES NO  0.0359 24212

31 25874 CARSON T 1 Closed 67.50 32.05 67.50 YES NO  0.0359 24212
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Multiple Element TLR

* 3 Unenforceable
. X Branches | X Expressions | X Case Info Customizations | 2 OPF Generators | X Buses | X 5|4 | *
Constraints o e
. D g AE G 0 ik ?&D Records * Geo~ Set~ Columns~ By~ ¥ B~ H v
remain _ : .
Filter | Advanced| % | Branch % | OPF Constraint ¥ [ Find... W
° U n Se | ect a I | I i n eS Ling/Transformer Constraints Interface Constraints o
d | . [ | Disable Line/Transformer MvA Limit Enforcement [ ] Disable Interface Mw Limit Enforcement _':'r"
a n S e e Ct J u St Percent Correction Tolerance 2005 Percent Correction Tolerance 20= \JNe
t h ese 3 Show Limit Violations [ ] only Show Limit Viclations ®Po
Cnly s with Line MVA Enforcement o
¢ Re-Ca | Ccu | ate [ Use Area/Zohe Filters [ |use Area/Zone Filters -
mu It i -e I eme nt [|Enforce Line/Transfagmer MW Flow Limts (not MVA) Mote: These settings also apply to Momogram Interfac

Do not enforce limits on radidisdines and buses

TLR

Lines/Transformers (Filter: OPF Constraint,

If you want to change &1

Limit Monitoring SEtngs ... | o dify the Limit Monitori

terfaces (filtered) | Momogram Interfaces (filtered)

To Area Mame| Circuit| Monitor| Max MVASS of MVE |Selected | Lim  [MVA Ma W T Constraint 5tz
ay MWA | Cost
1|Southeast Ca 1 YES 148.9 109 YES 141.9 1000.0 Unenforceable
2|5outheast Ca 1 YES 171.4 1058 YES 161.9 1000.0 Unenforceable
3|Southeast Ca 1 YES 138.1 1068 HES |y 177.7 1000.0 Unenforceable
4|Southeast Ca 1 YES 830.0 100.0 O Bel.0 4777 Binding
5[Southwest Ca YES 174.0 100.0 NO 174.0 123.5 Binding

M8: Multi-Area LMP Analysis © 2020 PowerWorld Corporation
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Multiple Element TLR -

X Generators (filtered) | X OPF Branches | X Expressions | X Case Info Customizations | X OFF Ge

* Return to Generators ST Bl 8 T 88, Recose eoe st Counme B T B @

00 4.0

L]
d ISpIay Filter |Advanced| v | Generator L W | Find...

Number of| Name of Bus ‘m status |Gen MW‘Min MW Max .ﬂwlAGc' ' [ETLR] ¥
Poten

* Sort by descending b
“ETLR Potential” o
(custom expression)

e Designating all units :

=

Closed 40.21 22,72 S8.00 MO YES 03644 35674
Open 0,00 6617 14140 NO ¥ES -0.0135 1.4944
Closed 5421 25.33 &8.50 YES ¥YES 00233 1.4603
Closed 45,50 9,38 1.90 YES ¥ES 0.0232 1.J572
Closed 45,50 13.16 YES ¥ES 00232 1.9572
MO ¥ES -0.0149 04953
YES ¥ES 0.0044 04712
YES ¥ES 0.0044 04711
YE5S ¥YES 0.0044 04710
YE5 ¥YES 0.0044 04709
YE5S ¥YES 0.0044 04703

. . i 29077 CARLSBAD 64
Wlth ETLR Potentlal > 12 283844 E5CUNDND S Closed 18633 28.35 YES YES 0.0045 0.8430

5
1
;
]
2
1
1
1
1
1
1
13 28846 ESCONDIDO ~7 1 Closem=—+86.33__ 70.40 YES ¥ES 0.0045 0.8427
(o 7 14 78845 ESCOMDIDO ~6 1 Closed 18633  O0.4% —»4.33 YES ¥ES 0.0045 0.8420
0.5 aS Fast Sta rt 29020 SAN DIEG~108 1 Closed 22950 33.74 4.50 YE5 ¥ES 0.0034 07751
1
1
23305 EL CAJOM 7 1 1 Closed 2336 23.36 .70 YES ¥ES 00276  0.4H436
29060 CHULAWIST~3 1 Closed 2912 6,31 00 YES ¥ES 00185 04373
1
;
23778 SAM DIEGO~91 1
23779 SAM DIEGO~92 1
]
]
]
]
]
]
]
1

%]

(]

e

|

un

25059 SAN DIEG~110
28935 CALEXICO 41

25031 CARLSBAD &8
29029 CARLSBAD GG
29028 CARLSBAD GBS
29030 CARLSBAD BT

o Wy A

Open 0.00 20.82
Closed 19632 &1.11
Closed 19632 66,92
Closed 19632 22,45
Closed 19632 37.86
Closed 19632 70.39

[=3)

==

(=]

w

=

=== RN R =Y = Y- Y = R ]

I Y Y PR U Y

—
L

=t
o

Pt Pt ot

—
~1
L F L3030

=t
[==]

—
w

Closed 52.27 22,67
Closed 53.00 10,77
Closed 53.00 12.93
Closed 1161.50 185.83
Closed 1161.50 130.25
Closed 806.00 320.46
Closed 806.00 149.59
Closed 108.98 50.88
Closed 59.00 237
Closed 59,00 2718
Open 0.00 21,14

W00 YES MO 0.0088 04624
00 YES WO 00085 04527
00 YES WO 0.0085 04526
S0 YES WO 00004 04107
YE5 MO 00004 04106
YES WO 0.0005 03721
YES WO 00005 03713
MO NO 00176 03506
YES WO 00054 03209
O YEs WO 00054 035209
MO NG | -0.0065 0.3092

20018 SAN DIEG~107 Closed 229,50 74,82 .50 YES YES 0.0034 03751
[ ]
Decommitment of Fast —3 e sworewro

R

[R~]
L

e Allow Commitment and
20 290710 MILAMD 3 Open 0.00 14,35 8,50 YES -C.::E—' 0.4059
Start Generators on LP B e

|k

— 0 Do = =
(R L S e e = = RN R R

. 25 26134 AVILA BEAC-S5
OPF Dlalog 26| 25830 OXMARD 97
25829 OXNARD 9 6
29022 CALEXICO S 2
° R _ I O P F 79 28811 PALA 5
e-soilve 30| 23312 PALAG

31 23902 CALIPATRI-17

[
-]

s
(=]

L
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OPF Fast Start Status

1 unitturned on, 1 unit

turned off by OPF

e Sum of MVA overloads is
reduced, but 3

unenforceable

constraints remain

M8: Multi-Area LMP Analysis

¥ Generators {filtered)

Mumber of| MName of Bus

X OPF Branches
BT B Ak %8 5% 44 84

Filter |Advanced| % | Generator

Records =

L

X Expressions

Geo -

X Case Info Custo

set- | ¥ HH-

ID|Area Mame of |AGC|Fast Start|OPF Fast S W (C

Bus Gen Status
1 29010 |MILAMD 3 1 Southeast Ca YES YES Seton by OPF T
2 28805 EL CAJON 7 1 1 SoutheastCa YES YES Set off by OPF T
3 20288 MCCLELLANM 1 1 Morthern Cal YES MO Ii
4 20295 BELDEM 2 1 Morthern Cal YES MO Ii
5 20299 MAXWELL 4 1 Morthern Cal YES MO Ii
=] 20300 MAXWELL 5 1 Morthern Cal ¥ES MO I
7 20302 MAXWELL 7 1 Morthern Cal ¥E5 MO I
8 1 Morthern Cal YES MO I
2 ~1 1 MorthernCal NO NO Ii
10 w1 2 Morthern Cal NO NO Ii
11 20306 COBEB 2 1 Morthern Cal MO MO Ii
12 20307 COBE 3 1 Morthern Cal MO MO Ii
13 20307 COBE 3 2 Morthern Cal MO MO Ii
14 20313 CAMINO & 1 Morthern Cal YES MO I
1k TS DAL TR DT R 1 BKlarthars Mal WESD BRI T

© 2020 PowerWorld Corporation
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Updated Color Contour

* Pricingis
fairly uniform
system-wide
except for
pocket near
San Diego

M8: Multi-Area LMP Analysis

OPF\Marginal MW Cost

180 $/MWh
E— 0 ¢/

-90 $/MWh

B &/Mwh

© 2020 PowerWorld Corporation
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San Diego Area with Dynamic
Formatting

e QOverloaded lines across
the pricing boundary

* Turn off all layers except
“Borders”,
“ContourStencil”, and
“Default Layer”

* For Dynamic Formatting
set “Overloaded Lines”,

-90 $/MWh

check the Force Visibility | == .,
checkbox

M8: Multi-Area LMP Analysis © 2020 PowerWorld Corporation 37



ETLR Bus Sensitivities

* Highest negative

ETLR for
remaining
unenforceable

constraints occur

at load buses

* Wind generator

(not AGCable)

M8: Multi-Area LMP Analysis

X Buses (filtered) | X OPF Branches | X Expressions | X Case Info Customizations | 2 OFF Generators | X Super Areas | | 4
D = % ‘>| TU-S ;0_8 M ?&n Records = Geo = Set~ Columns - HE' “g}g' T %' fll%?g: T - ﬁ
Filter |Advanced| % |Bus W % | Find... Remove Quick Filter =

Mumber Mame Area Name  |Nom kV | PU Valt |Volt (k¥) |Angle (Deg)|ETL & |Load MW |Load Mvar|Gen MW (Gen Mvar|S
g
1| 28621 LAKESIDE 11 Southeast Ca  138.00 0.93214 136.915 -83.17 -0.97 39.76 22,81
2| 28622 LAKESIDE 12 Southeast Ca  138.00 0.93250 136.965 -83.14 -0.97
3| 28623 LAKESIDE 2 1 Southeast Ca  138.00 0.99475 137.275 -82.85 -0.97 37.15 17.52
4| 28032 ELCAJOMN 5 2 Southeast Ca  138.00 0.93353 137.107 -83.39 58.56 10,586
5| 28591 SPRIMG WAL~1 Southeast Ca  138.00 1.01345 139.856 -33.07 -0.9% 52.53 5.35
G| 23590 LAMESA 31 Southeast Ca  138.00 0.99670 137.545 -83.84 -0.9% 28.60 8.76
7| 28630 ELCAJON 42 Southeast Ca  138.00 1.00882 139,217 -83.40 -0.96 38.34 9.83
8| 28629 ELCAICM 41 Southeast Ca 138.00 1.00903 139.246 -83.38 0.96
9| 28628 ELCAJOM 31 Southeast Ca 138.00 0.99930 137.936 -83.90 -0.96 54.35 5.88
10| 28575 LA MESA 22 Southeast Ca 138.00 1.00342 1338.471 -83.67 -0.95 57.17 16.95
11| 28573 LAMESA 11 Southeast Ca 138.00 1.00333 138.535 -83.57 0.95 34,26 14,16
12| 28552 CHULA VIST~7 Southeast Ca  138.00 1.00704 133.972 -83.21 -0.85 48,80 17.35
13| 28600 CHULA VIS~12 Southeast Ca  138.00 1.00154 138,227 -83.53 -0.93 36.87 12,16
14| 28602 CHULA VIS~14 Southeast Ca  138.00 1.00164 138,227 -83.53 -0.93
15| 28601 CHULA VIS~13 Southeast Ca  138.00 1.00188 138,260 -83.51 -0.93
16| 28642 JAMUL 1 Southeast Ca  138.00 0.9%624 137.481 -83.29 -0.86 17.31 G.12
17| 28643 JAMUL 2 Southeast Ca  138.00 0.99634 137.495 -83.28 -0.8%
13| 28544 ALPINE11 Southeast Ca  138.00 0.98973 136,583 -82.02 -0.75 35.31 3.84
19| 28633 EL CAJOMG 1 Southeast Ca 138.00 0.98849 136.411 -81.90 -0.70 64.75 8.39
20| 28634 EL CAIOM G 2 Southeast Ca  138.00 0.983871 136.442 -81.87 -0.69
21| 28756 CAMPO 1 Southeast Ca 138.00 1.00735 139.014 -75.37 0.37 14,02 2,22
22| 28757 CAMPO 2 Southeast Ca 18,00 1.01758 18 318 i e T 40,21 10,65
23| 28905 OCOTILLO 3 Southeast Ca  138.00 1.02274 141,133 -70.45 -0.08
24| 28707 HEBER. 12 Southeast Ca  138.00 1.01946 140.686 -58.70 -0.04 13.20 5.28
25| 28706 HEBER 11 Southeast Ca  138.00 1.01955 140.699 -58.68 -0.04
© 2020 PowerWorld Corporation 38



Demand Response

* Loads may have benefit functions, allowing them
to respond to price signals in the OPF

* Load the aux file CALoadBenefitModel.aux:
includes benefit functions for 19 loads in this

pocket

X Benefit Curves Linear [filtered)

X OPF Branches

X Expressions

X Case Info Customizations
o M. S BH- WY fo- B | Options+

w | Find...

Columns =

Max MW

Remove Quick Filter =

X OPF Generators

X Buses

X Super Areas

X OPF Areas

X Generators

X Cost Cur

Benefit Model | ETLR |M\“.|’ Break 1|Mwh Price 1|M\.".|’ Break 2|MWh Price 2|MW Break 3|MWh Price 3|M\"a’ Break 4|M\"a’h Price 4

B B Ak %8 5% &4 88 | 57 Records~
Filter |Advanced| ¥ | Load w
Mumber of Bus| Mame of Bus  |ID|Status |J L 4 |

1 28628 [EL CAJON 3 1 1 |Closed YES
2 28628 [EL CAJON 31 2 [Closed YES
3 28591 [SPRING VAL~1 1 |Closed YES
4 28590 (LAMESA 3 1 1 [Closed YES
5 28575 (LA MESA 22 1 [Closed YES
] 28633[EL CAJON 6 1 1 |Closed YES
7 28632 |EL CAJON 5 2 1 |Closed YES
g 28630 [EL CAJON 42 1 |Closed YES
9 28623 [LAKESIDE 2 1 1 |Closed YES
10 28575[LAMESA 22 2 [Closed YES
11 28644 [ALPINE 1 1 1 |Closed YES
12 28573[LAMESA 11 1 [Closed YES
13 28600 [CHULA VIS~12 1 [Closed YES
14 28621 |LAKESIDE 11 1 |Closed YES
15 28642 [JAMUL 1 2 |Closed YES
16 28642 [JAMUL 1 1 |Closed YES
17 28633[EL CAJON G 1 2 |Closed YES
18 28621 |LAKESIDE 11 2 |Closed YES
19 28552 |CHULA VIST~7 1 |Closed YES
20 20025|UKIAH 21 1 |Closed NO
21 20023 [UKIAH 12 1 [Closed NO
- EPP Py P P

M8: Multi-Area LMP Analysis

Geo * Set~w
MW |Min MW
38.34 0.00
16.01  0.00
52,53 0.00
28.60 0.00
34.26 0.00
53.56  0.00
58.06 0.00
38.34 0.00
37.15  0.00
2291 0.00
35.31  0.00
34.26 0.00
36.87 0.00
37.15  0.00

179 0.00
1552  0.00
6,19  0.00

261 0.00
49,80 0.00
30.33 0.00
31.74 0.00

38.34 Piecewise Linear
16.01 Piecewise Linear
52.53 Piecewise Linear
28.60 Piecewise Linear
34.26 Piecewise Linear
58.56 Piecewise Linear
58,36 Piecewise Linear
38.34 Piecewise Linear
37.15 Piecewise Linear
22,91 Piecewise Linear
35.31 Piecewise Linear
34.26 Piecewise Linear
36.87 Piecewise Linear
37.15 Piecewise Linear

1.79 Piecewise Linear
15,52 Piecewise Linear

6.19 Piecewise Linear

2.61 Piecewise Linear
43,80 Piecewise Linear
30.33 Piecewise Linear
31.74 Piecewise Linear

-0.96 7.67 1000.00 15.34
-0.96 320 1000.00 5.40
-0.96 10,51 1000.00 21.01
-0.96 572 1000.00 11.44
-0.95 6,85 1000.00 13.70
-0.70 11.71 1000.00 23.42
0.97 1171 1000.00 23.42
-0.596 7.67 1000.00 15.34
-0.97 7.43 1000.00 14.86
-0.95 4.58 1000.00 9.16
-0.76 7.06 1000.00 14.12
-0.95 6,85 1000.00 13.70
-0.93 7.37 1000.00 14.75
-0.97 7.43 1000.00 14.86
-0.86 0.36 1000.00 0.72
-0.86 3.10 1000.00 6.21
-0.70 124 1000.00 2.48
-0.97 D.SZL IDDD.DD| 1.04
-0.95 9.96 1000.00 19.92
0,00

0,00

© 2020 PowerWorld Corporation

800.00
800.00
800,00
800,00
800,00
800,00
800,00
800,00
800,00
800.00
800.00
800,00
800,00
800,00
800,00
800,00
800,00
800.00
800.00

23.00

9.61
3152
17.16
20,56
35.14
35.14
23.00
22,29
13.75
21,19
20,56
22,12
22,29

1.07

931

37

1.57
29,88

200.00
200.00
200,00
200,00
200.00
200,00
200,00
200,00
200.00
200.00
200.00
200,00
200,00
200,00
200,00
200,00
200,00
200.00
200.00

30,67
12.81
42,02
22,38
27.41
45,85
45,85
30.67
23,72
18.33
23.25
27.41
29,50
23.72

1.43
12,42

495

209
39.84

50.00
50.00
50.00
50.00
50.00
50.00
50,00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50,00
50.00
50.00
50.00

39



Demand Response

e Enable OPF load controls

— Globally in OPF Options and Results
— By Area for Areas 3-7 in OPF Areas Case Info

Display
e Re-solve OPF

M8: Multi-Area LMP Analysis

XK Areas | ¥ Benefit Curves Linear

X OPF Branches

X Expressions

X Case Info Customizations | *

D = % "i f.jE ;':'_3 ﬂ ?&D Records = Geo = Set~ Columns - * T %' ﬁ
Filter | Advanced| % |Area W % | Find...
Area Mum| Area Mame |AGC Status|XF Phase|Branch MVA|Interface MW |Bus Angle|Load MW|DC Line MW
Dispatch |Control
1 1 Washington  Part, AGC MO ES ES MO MO YES
2 2 Oregon Part. AGC MO ES ES MO MO ES
3 3 Morthern Cal OFF 0 YES YES NO YES
4 4 Bay Area OPF [ YES YES MO YES ES
5 5 Central Cali  OFF ] YES YES MO YES ES
=] & Southwest Ca OFF ] YES YES MO YES ES
7 7 Southeast Ca OFF ] YES YES MO YES ES
8 8 Mevada Part, AGC MO ES ES MO 0 ES
9 9 Arizona Off AGC 0 ES ES MO 0 ES
10 10 Utah Part. AGC MO ES ES MO {0 ES
11 11 New Mexica Part, AGC NO ES ES MO {0 ES
12 12 Colorado Part. AGC MO ES ES MO {0 ES
13 13 Whyaming Part. AGC MO ES ES MO {0 ES
14 14 Trshn Dart ARC MO Fo Fe s f Eo

© 2020 PowerWorld Corporation
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Demand Response

* Updated contour

shows more uniform
pricing

* Constraints into
remaining pockets are

binding rather than
unenforceable

 Total reduction in load
is about 30 MW

M8: Multi-Area LMP Analysis © 2020 PowerWorld Corporation
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Incorporate Contingencies with
Flowgates

* Load CAContingentinterfaces.aux

* Each flowgate interface includes a monitored
element and a contingent element

 Make sure Contingent Interface Elements are
Enforced in OPF (Simulator Options -> General
tab or OPF -> Interfaces Display)

* Close OPF Branches/Interfaces display in the

MO del EXp IO rer ied AGC | OC Options General Storage
Maonitar /Enfarce Contingent Interface Elemshts
* Re-solve OPF

@) Power Flow fOPF but not CA/SCOPF

&ll Applications incduding CA/SCOPF
[For Contingency Analysis, only applicable with
Full Power Flow Method and AC Power Flow)

M8: Multi-Area LMP Analysis © 2020 PowerWorld Corporation 42



More on OPF Challenges

M8: Multi-Area LMP Analysis © 2020 PowerWorld Corporation
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OPF Formulation and Solution

* More on Unenforceable Constraints
— Radial Elements
— Mvar loops in AC power flow
— Unusual modeling parameters

* |nsufficient Reserves: not enough controls to
satisfy area ACE constraint

e Too Much Power Transfer

M8: Multi-Area LMP Analysis © 2020 PowerWorld Corporation 44



Eastern2.pwb

Analysis of Unenforceable Constraints

 Example: Load Eastern2.pwb (has cost info)

* Choose Add Ons ribbon tab = Primal LP
— We end up with 46 unenforceable constraints

* Of these many seem to be caused by radial

— Change Limit Monitoring Settings to Ignore Radial
Lines and Buses

e Radial Bus is connected to the system by only one
transmission line

e Radial Line is a line connected to a radial bus.

— Choosing this reduces the unenforceable list to 30
constraints.

M8: Multi-Area LMP Analysis © 2020 PowerWorld Corporation 45



Unenforceable Constraints

* |f you look at the MW and MVar flows on these
lines you’ll find that many have VERY large
MVar flows

— Add Columns for Max MW and Max MVar on Add
Ons ribbon tab = OPF Case Info = OPF Lines and

Transformers
* |f you look through the case, you’ll find many
very strange LTC tap ratio settings

* Also some are due to phase-shifters being in
series with an overloaded branch

M8: Multi-Area LMP Analysis © 2020 PowerWorld Corporation 46



Reset LTC Taps

e Set all transformers on LTC control to a tap
ratio of 1.00 (perform manually, or load
Eastern2ChangeTransformers.aux)

* Re-solve power flow, then OPF

* May also examine Circulating Mvar Flows

— Tools -> Connections -> Find Circulating MW or
Mvar Flows

— Check relative tap ratios in Flow Cycles with high
Loss Mvar Reduction

M8: Multi-Area LMP Analysis © 2020 PowerWorld Corporation 47



Unenforceable Constraints

 This results in a reduced list of 20

unenforceable constraints

Lines,Transfarmers | Interfaces | Momogram Interfaces
From Mumnber| From Mame |From Area|To Mumber| To Mame  [To Area Mame|Circuit|Monitor | Max MYA %% af MY Li W] Lim Mya ‘M'-.-'.ﬁ. Marg. W |Constraint Skatus
Mame (Max)

1 440 EPIKE PEMNELEC 445 EPIKE PEMELEC 1 YES 6l.6 236.9 26.0 9999,0 Unenforceable
Z2 6361 GOULDST EGE 6372 WP PH.51 EisE 1 YES 65,9 160.5 41.0 2999.0 Unenforceable
3 430 TRADECIT 432 PUNXSUTA  PENELEC 1 YES 45.8 1581 290 9999.0 Unenforceable
4 423 SHAWWILL  PEMELEC 425 SHAWWILL  PENELEC 1 YES 1191 154.6 Fr0 2999.0 Unenforceable
5 434 SHAWWILL  PEMELEC 436 SHAWWILL  PEMNELEC 1 YES 118.7 154.1 7RO 2999.0 Unenforceable
& 5362 WESTPORT  BGE 6372 WP PH.51 EisE 1 YES 66,1 146.9 45.0 2999.0 Unenforceable
7 4257 PLYMOUTH  PECOD 4262 PLYMOUTH  PECO 1 YES 71.9 126.1 57.0 2339.0 Unenforceable
g 4257 PLYMOUTH  PECO 4261 PLYMOUTH  PECO 1 YES 71.6 121.4 9.0 2999.0 Unenforceable
9 384 MMESHOPP  PEMELEC 406 MEHOOPAM  PENELEC 1 YES 2.0 115.5 71.0 9999,0 Unenforceable
10 6255 NEWGTS72 BGE 6361 GOULDST EisE 1 YES 47.1 114.9 41.0 2999.0 Unenforceable
11 4214 NWALES FECO 4217 M'WaLES4  PECOD 1 YES 92,7 1135.0 2.0 2999.0 Unenforceable
12 3050 SAKRCN PP&L 3230 SAERCN PPl 5 YES 99.5 109.3 91.0 2999.0 Unenforceable
13 3080 SAKRCN PP&L 3230 SAERCN PPl 3 YES 197.4 108.5 182.0 2999.0 Unenforceable
14 3080 SAKRCMN PP&L 3230 SAEKRCN PPaL 4 YES 194.4 107.4 181.0 2992.0 Unenforceable
15 3390 KEY CM1 PP&L 3408 SIEGFRIE PPaL 1 YES 45.6 106.1 43.0 2339.0 Unenforceable
16 3391 KEY CM 2 PPaL 3399 NAZARETH  PP&L 1 YES 47.6 105.4 46.0 2999.0 Unenforceable
17 3390 KEY CM 1 PPEL 3399 NAZARETH  PP&L 1 YES 475 103.3 46.0 9999,0 Unenforceable
15 §863 MILLROAD  DPaL G872 SUNSETLA  DP&L 1 YES 141.0 10350 137.0 2999.0 Unenforceable
19 434 SHAWYILL  PEMELEC 435 SHAWYILL  PENELEC 1 YES 1291 1009 125.0 2999.0 Unenforceable
20 419 SHAWWILL  PEMELEC 425 SHAWWILL  PENELEC 1 YES 128.5 100.4 125.0 2999.0 Unenforceable
21 1562 BIRDEBORS  METED 1593 PIME LMNE METED 1 YES 4.0 100.0 4.0 3434.1 Binding
22 228 TYRONEM PEMELEC 425 PHILIPSE FEMELEC 1 YES 125.0 100.0 125.0 513.0 Binding

M8: Multi-Area LMP Analysis

© 2020 PowerWorld Corporation
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Phase-Shifting Transformers

* Phase Shifters have three control options
— None — leave at a fixed angle

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

— OPF — Allow the OPF’s linear program to “dispatch” the
transformer for a more global optimization
* OPF phase-shifter control is often necessary if load
is varied with the time-step simulation, unless
appropriate phase-shifter control settings are
known for each load level

M8: Multi-Area LMP Analysis © 2020 PowerWorld Corporation 49



Use Caution with Phase-Shifter OPF

Control

* Phase-shifter setpoints are often important for stability

* The setpoints may vary with load or seasonal generation
pattern

* Options to consider:

— ignore MVA/Amp limit enforcement where obvious conflicts
occur between limit and phase-shifter setpoints (e.g.
overloaded line in series with phase-shifter)

— allow only a few phase shifters to operate on OPF control
where it is known that stability margins are sufficient

— choose to Enforce MW Regulation Limits in OPF (branch
field for phase-shifters)

— tighten the angle limits of phase shifters to limit range of
OPF dispatch

M8: Multi-Area LMP Analysis © 2020 PowerWorld Corporation 50



Conflict between Phase-Shifter
Setpoint and Line Limits

WP PH.S1

Bus: WP PHS1 (6372)
Nom kV: 34.50
Area: BGE(32)
Zone: 32 (32) 0.00 MW
0.00 Mvar
1.01 pu
34.80 KV
-43.78 Deg
-2293.83 $/MWh

65.9 MVA
7 45.00 MVA

Phase-shifter
setpoint is 60.3 —
72.9 MW, but line
limits are <=45
MVA; ignore these
lines

Limts

M8: Multi-Area LMP Analysis © 2020 PowerWorld Corporation



A Closer Look

* Look more closely at the majority of the remaining
unenforceable constraints

— Continues to show a large number of under radial
elements which should probably just be ignored
* A handful of elements require greater study

— Draw a oneline diagram to represent this part of the
system

— You will start to see what the problem is

* Changes described in following slides may be
automatically loaded with Eastern2Monitor

Changes.aux

M8: Multi-Area LMP Analysis © 2020 PowerWorld Corporation 52



Example: Internal Shawville

0O 178428
3264$/MVh 235

0.96 pu RONEN
0.97 pu RA
265 17.5 MW
oomv PBURG1 L
146.43 $/ % 15.43 $/MVh 465
1310 War 0.0 War A
\L .95 pu 0.0 MV A ‘VTJ—WESINER
0.0 War. [0) A
- . 99%
P-BURG2 PR MVA wal  03MN
142.60 $/ 0.0 Mvar
0.99 pu

425

PHILPSB htv
146,43 81 -13.0 Mvar
0.97 pu 268
SHAWVILL
-71.26 $IMVh
A 1.04 pu

424
SHAWVILL

5032.14 $/MAh
0.96 pu

373 1705517 $/IMWh
SHAWVILL ? 1.01pu
A7075.95 $/MVh | .
1.05pu ‘ 72
SHAWVILL
-16997.95 $/MVh
1.08 pu

42 MWW 126.0 MWW
5.5War 20.3 Mvar

M8: Multi-Area LMP Analysis

119.7 MWW
9.1 War

33,74 $/MAh 421
098 pu BOIS
: ;DJ
i

Four of the stepup transformers
experience high loadings. We could
choose to ignore these limits.

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.
We could turn off generators at buses
431 and 424 to fix this.

© 2020 PowerWorld Corporation
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Example: Internal Merck

59.29 $/MWh 4212
1.0131 pu NWALES

14.1 Mvar

82.2 MW 82.2 MW
25.2 Mvar

22 oy NWALES (2 tar
90.5 Mvar ™ . ‘ 153163::5 $;uMWh J) 20.9 Mvar
e “ ? I
59.63 $/MWI Y 59.63 $/MWh
1.0186 pu K ' L 1.0186 pu
B 3.9 MW
4217-4216 line has a large 4153 1.6 Mvar
impedance of 0.15 comgared to 0w T O Sosssmil oo
the lines 4214-4217, 4214-4215, oo —C —
4216-4215 which have 1.0181 pu ERCK
impedances of 0.0002
This means that 4216-4217 will o T o s
NEVER have any flow on it. oy Py
Thus the line 4214-4217 is
essentially radial.
0.0 MW 1.4 MW
0.0 Mvar -1.5 Mvar

M8: Multi-Area LMP Analysis
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Siegfried — Nazareth Limits

463.58 $/MWh 3081 A

A 1.01 pu IEGFRIE « —<—2
=K
< ——— 1.0
MVA _A
MVA
A
8104  3151.26 SIMWh 3391
D 0.98 pu Y CM 2
A
32 MW
99%
21.6lear -32 MW

' v . | 3399 4437.97 $/MWh 3415

11.3/2 Mvar Bpu : -5347,63 23 pu H HL
1202.26 $/MWhT 340 . >
e - y > A Dy -

R . .01 pu ALM T1 1'13? Mvar ,‘ 9994 1.04

\ ‘ B § " 5 $1M 90 MVA . F
o : 64.0 3 MY :
N7 . |
A 4.3
1217.81 $/MWh  64.0 MW 64.0 MW
101 pu 243 Mvar  24.3 Mvar
5219.33 $/ 3375
1.03 pu HHL T1

Removing the negative loads at A
"t NAZARETH and an equivalent = 41075

3394 . n 1.03 pu
ceesv gmount of positive load at
SIEGFRIE relieves the otherwise 5157.48 S0 3392
difficult overloads on the 103 P
branches between them. 3157.48 S 3393 2
1.03 pu -3067.}9!1
9-?13"'“" 1.03 pu

EQ7 29 ¢IN 2449
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After these changes we remove all
unenforceable Constraints

 Still some very high cost constraints remain
* BIRDBORO — PINE LANE = $753/MVAhr

LinesjTransformers | Interfaces

From Mumber| From Mame [From Area|To Mumber| To Mame | To Area |Circuik|Monitor [Max FYS |55 of MYA Limik| Lirmn MYS (MY MMa W [Constraint
Mame Mame (Ma) Zosk Skatus
1 1562 BIRDBORD  METED 15935 PIMNE LME METED 1 YES 34.0 99,9 34.0 752.5 Binding
2 3390 KEY CM 1 PP&L 3405 SIEGFRIE PPaL 1 YES 43.0 100.0 43.0 256.0 Binding
3 4954 ATHEMIA PSERiG 5020 SADDLEBR.  PSER2G 1 YES 340.8 3.1 366.0 157.7 Binding
4 228 TYROMNEN PEMELEC 425 PHILIPSE PEMELEC 1 125.0 100.0 125.0 120.6 Binding
5 1152 HUMTERST  METED 1221 HUNTERST METED 2 YES 250.9 100.0 251.0 117.4 Binding
] 4111 EDDYSTOM  PECO 4172 LLAMERCH  PECO 1 YES 215.0 100.0 215.0 79.2 Binding
7 6283 NEWGTEFZ  BGE 6361 GOULDST BGE 1 YES 41.0 100.0 41.0 26.1 Binding
a 4957 BAYOMNMNE PSERiG 5044 COGEMTE  PSEZG 1 YES z219.1 100.0 219.0 22.1 Binding
| 3857 DUPONTED  DP&L 3871 SILVERSI DP&L 1 YES 79.0 100.0 79.0 15.4 Binding

{ in 2 RO ARCHEL oarAcnn T FI DM oaracnn 1 WES TR 202 ANEE N } e’
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Birdboro — Pine Lane

* Yellow Region forms a
“load pocket” for two
large loads
— 85.3 MW
— 193.7 MW

/! 268.5 MW
-35.7 Mvar

* The 69 kV
lines feeding
this region
have high loadings

16.4 Mvar — "
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Contour of Prices around
Birdboro — Pine Lane

My Marg. Cost
—100.000 $/Mwh

—E0.000 $/Mwh

-2D.DDD $/Mwh

e Load Pocket

* These prices could be
reasonable.

12.6 MW
5.0 Mvar

4

~= | 268.5 MW
-35.7 Mvar

o0 Penn

ANTHER

nnnnn
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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 controls to FIX the problems

* Look for constraints which don’t make sense
— Radial lines serving load
— Radial transformers/lines leaving generators

* Use your judgment to setup a reasonable case

e Realize that some unenforceable constraints are
inevitable at first
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