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First — More OPF Topics

e A few more OPF Topics will be covered first

— Interfaces with Contingent elements

 How interfaces with Line Open/Close elements are
handled

— Area Transactions as OPF Controls

— DC Power Flow modeling for the OPF

 Modeling of Losses in a DC power flow. Is this possible?
— Both dispatch sensitivities
— Reduction of generation requirement

e Modeling of VAR flows. Is this possible?

— Using the “power circle” and assuming unity voltages
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Interfaces with Contingent Elements

e Interfaces can have contingent elements
— Line OPEN and Line CLOSE elements

* You must specify how you would like to treat these
special interfaces

— Choose the Options ribbon tab 2 Simulator Options
— Go to Power Flow Solution Page (default)
— Go to General Tab

— Monitor/Enforce Contingent Interface Elements

* Never
— will never calculate the post-contingent flows on the interface

e Power Flow/OPF, but not CA/SCOPF
— in the powerflow and OPF we will show the “post-contingent” flow

» All Applications including CA/SCOPF
— In the SCOPF and CA we will also show the “post-contingent” flow
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Area Transactions as OPF Controls:
Why would you do this?

e Situation #1: If the following situation is met
— One Area/Superarea is on OPF control

— A second Area/Superarea does not have cost information and is
on Participation Factor Control

— The second area interacts with the first area, and you have a
general “cost curve” for how much the first area purchases/sells
power from the second area

— You can then create a MW transaction between the two areas
and specify a “cost curve” which applies to the second area

— The OPF can then be configured to essentially dispatch the
second area as though it’s a giant generator available to buy or
sell power from

* The cost curve specified will be used to dispatch the transaction
* The second area will spread power out using particpation factors.
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Area Transactions as OPF Controls:
Why would you do this?

e Situation #2: If the following situation is met
— One Area/Superarea is on OPF control
— A second Area/Superarea is also on OPF Control

— You want the two areas to be able to freely transfer
power between one another, however you want to
limit the maximum amount of transfer between the
two

e You might also want to place a “premium” on the transfer so
that the two areas will buy/sell only if the price difference is
large than some threshold

— If you wanted two areas to transfer power between
one another without any limits, then you would just
create a Super Area with both in it.
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Area Transactions as OPF Controls

* You may define area-to-area MW transactions that can be
dispatched by the OPF

 Choose Model Explorer 2> Aggregations > MW
Transactions

e Go to List of Transactions Tab

e Right-Click and Choose Insert

— You must give the transaction a Minimum/Maximum transfer
amount

— Allow OPF to determine the price

* If both areas are on OPF, then it will just figure out the appropriate
amount of transfer and price (within the range specified)

— Or may enter a Cost Curve for the transaction

* |f one area is on OPF, and the other is on Part. Factor, then this the area

on OPF will “dispatch” the area on Part. Factor as though it’s a big
“generator”
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Area Transactions as OPF Controls

Specify a Min/Max
Range for transfer

Check to
allow dispatch

Check to have
OPF determine

Specify an Export Cost Curve
and Import Cost Curve

/W Transaction Dialog
Transaction ID

=)

- ] Transaction ID [

Switch Directions ]

Transacting Area [1 (Top)
On OPF control
nsaction to Area [2 (Left)

hd ] Rename Tralﬁachnn Id

On OFF control

(Exports are positive, imports negative)

Transaction My Amobqt 0.00 =
Transaction Minimun MW Hoo.o0 =
Transaction Maximum MW 100.00 =
Exports Transmission Charge 0.00 :
Imports Transmission Charge 0.00 :

[¥] Transaction Enabled
. ransaction Dispatchable in
price (cost curves\: e

will not be used
then)
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Determine Price in OPF

Piecewise Linear Trans tnn Cost Curves for Area 1
Mote: Costs are only entered for areas that are noton O

Costs must be monotghically increasing.
Curve for Area 1 (Top)

MW $Mwh ‘ MW

control. Use negative
MW values for imports [ purchases) and positive MW valuesSor exports (sales),

Curve for Area 2 \Left)

SMWh

l Mone Defined l Mone

Defined
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Simulator Options:
Power Flow Solution Page

e DC Options Tab

— Use DC Approximation in Power Flow / OPF /

SCOPF

e Check this box
to model the
system using a
DC power flow.
Note: Once you convert
a large system to a DC
power flow, it is very
difficult to get the AC
system to resolve.
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[®) PowerWaorld Simulator Options

Select Option Category

| - Power Flow Solution

: Semmon Options
Advanced Options
i Island-Based AGC
DC Options
i General
Storage

- Environment

- Oneline

[+ File Management

- Case Information Displays

- Message Log

== ]
Power Flow Solution

| Common Optians | Advanced Options | Island-Based AGC | DC Options | General | Starage |
I

| Use DC Approximation in Power Flow /OPF/SCOPF

Compensate for Losses
by Adjusting the Load

DC Power Flow Model
Mote: These settings also affect the Lossless DC sensitivity
calculations such as on the PTDF and TLR,GSF dizlogs

DC Paower Flow Line Model
@) Ignore Line Series Resistance (1)
) Ignore Line Series Conductance (g)

Ignore Transformer Impedance Correction Tables
Ignore Phase Shift Angle Effects

spatc thms

Restore Defaults

- Limits Compensate for Reactive Power Flows by Adjusting the Branch Limits ...
Compensate for Dispatch Sensitivites with User-Specified Values
[ ,/ QK l ’ Save to Aux ] ’ x Cancel ] [ ? Help
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Simulator Options:
Power Flow Solution Page

e DC Options Tab

— Compensate for Losses by Adjusting Loads

e Specify a load multiplier at each bus. When solving the
DC power, Simulator will artificially increase loads by this
multiplier

— Compensate for Reactive Power Flows by Adjusting
the Branch Limits

— Compensate for Dispatch Sensitivities with User-
Specified Values

e Allows you to make use of loss sensitivities even in the
DC power flow
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Compensate for Mvar Flows by

Adjusting the Branch Limits

e Normally a DC power flow simply ignores all
Mvar flows

 Consider Reactive Flows Assuming Constant

Voltages

— This will modify Simulator so that it approximates
Vars flows using a “power circle”

— If you're familiar with impedance relay settings, this
is similar to those

— It’s an option to approximate Var flow, but no
markets use this right now.
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DC Power Flow Loss Setup:

Compensate for Losses with Loads

e Click compensate for Losses by Adjusting Loads

e Specify a multiplier at
each bus

— In the DC Power Flow
(and thus the
OPF/SCOPF), Simulator
will artificially increase
loads at these buses

DC Power Flow Loss Setup [ = |[ 5[]

Mote: The DC Loss Multiplier modifies the load on the BUSES vou choose, The options
regarding Areas, and Zones, and Case are induded to aid the tasks of selecting and
unselecting blocks of buses' load to be modified.

Buses | Areas | Zones
m % Ak a0 ;':'_3|ﬁ Q&J‘_ Records = Geo = Set= | %7 i}

Mumber Mame | DC Loss Multiplier |
1 1|1 1,0000
2 22 11,0000
3 33 11,0000
4 44 11,0000
3 51,0000
& ee 10000
7 71,0000

See note above regarding Areas, Zones, and Case

Case DC Loss Multiplier:  1.000000 =

W CK ‘? Help j"LCInse
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Compensate for Dispatch Sensitivities

with User-Spec. Values

* Go to the Tools ribbon tab = Sensitivities 2 Loss
Sensitivities and calculate your loss sensitivities

— Then change the Loss Function Type to User-Specified
 Now if you choose this check box, the DC power

flow will apply a “penalty factor” to each
generator according to its loss sensitivity.

— This approximates how losses would affect the dispatch
— Some markets do make use of such an approximation.
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SCOPF Overview

e Secure power system operation requires that
there be no unmanageable base case or
contingent violations

e Complete optimization requires considering the
base case and contingencies

* Solution of this problem is known as Security
Constrained OPF (SCOPF)

e Most of time is spent in contingency analysis

e We will also cover some new features of the OPF
which are also helpful in the SCOPF
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Contingency Analysis Overview

* Analysis of power system topology resulting
from any statistically likely contingency

e Simulator is equipped with tools for analyzing
contingencies in an automatic fashion

 Contingencies can be single or multiple
element outage
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Contingency Analysis

e Contingencies Include:
— Switching of Lines and Transformers
— Loss or Recovery of Generating Units
— Shifting of Load
— Loss or Recovery of Switched Shunts

e Contingency Analysis tools can be accessed
from the Tools ribbon tab = Contingency
Analysis, or from the button on the SCOPF
Form

M5: SCOPF Training © 2014 PowerWorld Corporation

15



Contingency Analysis Dialog

F

‘W) Contingency Analysis

Contingendes | Options | Results

=N Ec 5

B ok %8 5% ¢4 99,

RECD

Category Element

Records * Set = Columns ~ [Bg- |“.Ev . % BH- S 5w - | Options ~

Label Skip Processec‘ Solved |Violations| Max Branch 3% | Min Volt |Max Volt (Max
Interface
Yo
1R 0000011-0000022C1 {0 MO MO
2|L_0000011-0000033C1 (8] MO MO
3|L_0000022-0000033C1 (8] MO MO
4|L_0000022-0000044C 1 o] MO MO
5|L_0000o22-0000055C1 '] MNO MNO
6|L_0000022-0000066C 1 '] MNO MNO
F|L_0000033-0000044C1 {0 MO MO
& |L_0000044-0000055C1 {0 MO MO
9|L_0000077-0000055C1 (8] MO MO
10|L_0000066-0000077C1 (8] MO MO
11|L_0000066-0000077C2 o] MO MO
Vinlations Contingency Definition
[ Show related contingencies ] [ Combined Tables > ] Actions

[

PEM Line 1_138.0 (1) TO 2 138.0 {2) CKT 1

one Defined

4 }

I

Status Initialized

Load ] [ Auto Insert ] [ Save ] [ Other =

[ refresh Displays After Each Contingency

[ Start Run H Close H ? ﬂelp]
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analysis dialog is
used to view the
contingency analysis
process and to edit
the contingency
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SCOPF Solution Process

e SCOPF has three major steps

— initialization to setup the SCOPF LP tableau and control
structures

— contingency analysis, storing control sensitivities
associated with each contingent violation

— SCOPF iterations, with each iteration enforcing the
newest most severe contingent violation

* Open SCOPF dialog from Add Ons ribbon tab =
SCOPF

— The three steps are solved automatically from the
button Run Full Security Constrained OPF.
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SCOPF Solution Process, cont’d

e SCOPF terminates when all of the contingent
violations have been processed

e After each violation is processed, all of the
unprocessed violations are updated

— this step is crucial since often resolving the most
severe violation resolves numerous other violations

— example: a single line might be violating in a
number of contingencies; fixing the worst
contingency fixes the others as well

M5: SCOPF Training © 2014 PowerWorld Corporation 18



SCOPF Solution Process, cont’d

e Adjusting controls to relieve some violations
may result in new violations that did not
previously occur.

* Checking for new violations requires a new
contingency solution

— SCOPF performs this function by iterating the entire
process around an Outer Loop

— Care must be taken since the corrected violations
will not be binding in the next Outer Loop Iteration
and hence will be excluded from the LP tableau
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SCOPF Form: Options

Click to solve an integrated SCOPF

| ) f . Limiting
Set ma&mum number of Outer Loop lterations P violations

] Security Coistrained Optimal Power Flow Form EI = p e r e I e m e nt
’ Run Full Security Constrained OFF \ l [ l-'Lglose ] ’ ? Help l [Save As Aux] [ Load Aux

SCOPF Status  SCOPF Solution not Initialized C a n S p e e d u p
Cptions |

[l Results ) ) \
P SCOPF Spedific Opti SCOPF Results 5 ocesSsS
Contingency Violations Recnc Lptans == s p r I n
i+ Bus Marginal Price Details Maximum Number of Outer Loop Iterations 12 Number of Quter L terations 0
;  Bus Marginal Controls Consider Binding Contingent Violations from Last SCOPF Solution Atingent Viclations
[=-LP Solution Details
i All LP Variables [ tnitizlize SCOPF with Previously Binding Constraints Nat started
::E g:::: ;ZEE'ES Set Solution as Contingency Analysis Reference Case SCOPF End Time
Maximum Mumber of Contingency Viclations Allow Per Element 12 = Total Solution Tme (Seconds) DT —7T h e S e fi e I d S
Basecase Solution Method Total LP Iterations 0 7
@) Solve base case using the power flow
(7 Solve base case using optimal power flow Contingency Analysis Input _ a r-e
. . . View Contingency
Handling of Contingent Vislations Due to Radial Load Mumber of Active Contingencies: 11 Analysis Form

@ Flag violations but do not indude them in SCOPF
() Completely ignore these violations
) Indude these violations in the SCOPF

Contingency Analysis Results

updated
L]
as contin-
Storage and Reuse of LODFs (when appropriate)
@ None {used and disgarded) Clear Stored
() Stored in memory only Anglc:;?snﬁoegg g e n Cy
L]
analysis

solves
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SCOPF Form: Options

e Consider Binding Contingent Violations from Last SCOPF
Solution

— Can prevent the SCOPF from hunting between having a constraint
binding in one solution, and resolving with it not binding in a later
solution because it was previously remedied

— Leave checked, unless major changes are made to the system
since the previous solution

e |[nitialize SCOPF with Previously Binding Constraints

— Forces the SCOPF to start with the same LP tableau from the
previous solution

— Helps solution speed when the changes to the system are small

— Simulator automatically applies this option between multiple
outer loops. This option allows the user to solve multiple outer
loops by repeatedly solving the SCOPF manually, with outer loop
counter = 1.
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SCOPF Example: 7-bus Case

* Open case B/SCOPF

 Open Contingency Analysis from the Tools
ribbon tab

e Auto Insert all single transmission line or
transformer outages (11 total contingencies)
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SCOPF Example: 7-bus Case

* Contingency Analysis on the Base Case reveals
three violations

Contingency Analysis = EeR| =

Contingendies | Options | Results

P B ik w8 5% d4 2%

Records ~ Set = Columns - " |x.E' "g}@' i E\i' S.I]%'E; fx) - | Options ~

Label Skip  |Processeq Solved |Violations|Max Branch % W | Min Volt |Max Volt |Max -

Interface
%

18 0000011-0000022C1 YES YES 1 131.1

2|L_0000011-0000033C1 YES YES 1 123.7

3|L_0000077-0000055C1 YES YES 1 106.3

4|L_0000022-0000033C1 YES YES o]

5|L_0000022-0000066C 1 YES YES ¥]

6|L_0000033-0000044C1 YES YES ¥]

F|L_0000022-0000055C1 YES YES W]

8|L_0000044-0000055C1 YES YES W]

9|L_0000065-0000077C1 YES YES W]

10|L_000006e-0000077C2 YES YES o] ol

Violations Contingency Definition E

[ Show related contingendes ] [ Combined Tables > A
Category Element ‘ Value 1J0PEN Lime 1 138.0 (1) TO 2 13¢
1EranchMva J1( 1)->3({ 3 ckT1atl 157.31
< [ b < [ b
Status Finished with 3 Wiolations and 0 Unzolveable Contingencies. [nitial State Restored. [T Refresh Displays After Each Contingency
Load ] [ Auto Insert ] [ Save ] ’ Other = ] ’ Start Run ] [ Close ] ’ ? Help ]
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SCOPF Violations

The CTG Violations page lists the results from contingency
analysis, which violations were included in SCOPF solution, and

the final error for each violation

=1 EoR |55

[ Security Constrained Optirnal Power Flow Form

Run Full Security Constrained CPF l l ﬁglose ] [ ? Help l lSave As .ﬂ\ux] [ Load Aux

SCOPF Status  SCOPF Solved Correctly

»~ Options ResLlts |

- Results - ——

 Contingency Viclatons ||| COnEngEney Vielstens | Bus Marginal Price Details | Bus Marginal Controls |

BUS Marginal Price Details % Al %50 g0 | % ?&J Records * Set+ Columns , |H|E, Hé}i,ﬁv = %, 1%'.‘57:' - H | Options =

i “~Bus Marginal Contrals

- LP Solution Details Contingency Mame Category Element Value | Scaled | Mew | Error | Induded | Marginal |Unenforceable |Skip Violation?
i Al LP Variables Lo Value i
LF Basic Variables 1) _0000011-0000033C1 |BranchMWA 1( 1)-=2{ 2)JCKT 1at2 154.45 120.00 106.8%, 0.00 MO 0.00  NO
LF Basic Matrix 2|L_0000011-0000022C1 BranchMva 1 1)-=3( 3)CKT 1at1 157.31 120 0810345 0.00 YES 0,00 MO

3|L_0000077-0000055C1 BranchMva 2({ 2)-=5( 5)CKT 1at2 13358 120,00 120,00 0.00 {E5 6.55 MO
1 11 r

May be toggled
when doing a
manual SCOPF

. | solution
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SCOPF Solution Details

e LP Basic Variables provide insight to control
adjustments and unenforceable constraints

[ Security Constrained Optimal Power Flow Form

(=] 5=

[ Fun Full Security Constrained OPF

] [j-'LEIcSE] [ ? Help ] [Saue.ﬁ.s.ﬁ.ux]

l Load Aux ]

SCOPF Status  SCOPF Solved Correctly

- Options LP Solution Details |

i  -Bus Marginal Controls
4 - LP Solution Details

4 Rests i LP Basic Variables i i
.. Contingency Violations All LP Variables LP Basis Matrix

- Bus Marginal Price Details D o [

AECD

4 ‘ Records ~ Set - Columns - " |HE" H&E' %*

S0RT »
1Zy
RELD -

|Drg. \.falue‘ Value |DEI13 \.-'alue|Basicvar|CostﬂJp}l‘ann F'.ange|Up F‘.ange|

- All LP Variables 1|Gen 1 #1 MW Cantral 153.082 102,496  -50.536 1 13.00
../ P Basic Variables 2|Gen 4 #1 MW Control 50.000  99.655 49,655 4 1400
.. LP Basis Matrix 3|Gen 6 #1 MW Contral 250000 250,000  -0.000 2 17.60
4|Gen 7 #1 MW Control 200.274 200,222 -0.052 3 21.80
5|Slack-line 1 TO 3ckT 1 -37.313[15.589]  52.897 5 0.0

82,496
49.655
10.000
30,222
15,584

297.504
200.345
10.000
39.778
224,416
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Value field associated with its slack
variable would be negative.
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SCOPF Results

 Note case hourly cost has increased from
516,011 to $16,048

e Relieving the contingency violations required
increased dispatch of more costly generation
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How to handle interfaces with
contingent elements in the SCOPF

e [nterfaces can have contingent elements
— Line OPEN and Line CLOSE elements

e Because the SCOPF is already modeling contingencies, you
must specify now you would like to treat these special
interfaces

— Choose the Options ribbon tab 2 Simulator Options
— Go to Power Flow Solution Page
— Go to General Tab

— Monitor/Enforce Contingent Interface Elements

* Never- will never calculate the post-contingent flows on the interface

* Power Flow/OPF, but not CA/SCOPF
— in the powerflow and OPF we will show the “post-contingent” flow

» All Applications including CA/SCOPF
— In the SCOPF and CA we will also show the “post-contingent” flow
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