Power System Equivalents

* Background
* Equivalencing in PowerWorld Simulator
e Deleting an External System
* Examples
—small 7 bus case
— 10,452 bus MAIN case

* Merging Systems
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| ntroduction

* Equivalencing isagenera technique for
representing one system by a second
system, in which the second system
approximates the behavior of the original

system.

* Practically every system used in power flow
studiesisan “equivalent.”
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Properties

e Equivalent systems usually

— are smaller and less detalled
 solve quicker
* require less storage
* require less up-to-date data
— contain fictitious e ements
 can make modeling/updating more difficult

— only approximate the behavior of the original

©2008 PowerWorld Corporation
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Modeling

e Equivalent systems need NOT correspond
exactly to the actual power system

* Elements can be used to examine limits not
typically considered in power flow analysis
— transient stability limits
— oscillatory stability [imits
— voltage stability limits
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Study vs External Systems

» Typically broken up into two systems
— study system represented in detail
— external system represented by an equivalent

e Two systems are joined at boundary buses

e Boundary buses are the buses in the study
system that connect to the external system

©2008 PowerWorld Corporation

114-5



Before Will be

Boundary Equivalenced
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The“Optimal” Equivalent

* |t depends upon the application

* Requires engineering judgment between
— size
— accuracy
— complexity

©2008 PowerWorld Corporation
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Equivalencing in PowerWorld

* Based on Ward Injection Method

* Generalization of Thevenin Equivalent
— simple example is representing two paralle
resistors by a single equivalent resistor

— for linear single-port dc subsystem, the
subsystem can be represented by aresistor in
series with avoltage source

— multi-port Thevenin equivalent
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Y bus Reduction

 Partition bus admittance matrix (Y bus) into
study and external systems

| =Y V
I Study _ YS 'S YS E VStudy
| I External _ _YE S YE = _VExternaI |
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Y bus Reduction

* Eliminate the external buses

Study R (YS S YS EYE EYE 'S )VStudy + YS EYE ,E I

VRN

Y bus for the Resultsin new

study system equivalent lines
joining the
boundary buses and
shunts at the boundary

©2008 PowerWorld Corporation buses

External

\

Equivalent
current at
boundary
buses
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Equivalents Display

* Equivalencing in Simulator isdone in the
Edit Mode using the Power System
Equivalent Display.

e Toview sdlect (in Edit Mode):

— Toolsribbon tab = Equivalencing

.

@I U REEMGREISE®) - Case: B7FLAT.pwb Status: Initialized | Simulator 13
e |

PowerFlowTgels |  RunMode
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Equivalents Display

e Thisdisplay isused to perform 4 tasks on 2 tabs
o Select the Buses Tab

— partition system into the study and external systems
(always must be done)

e Create The Equivalent Tab
— Create an equivalent (optional)
— save the external system in afile (optional)

— delete the external system, without creating an
equivalent (optional)
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Bus Selection

Power System Equivalents

;Create T-he Eguiva.lént |
F_ t_ t_ Mote: This Form is For choosing BUSES. The options regarding Areas and Zones are incuded to aid the task of selecting or unselecting
p m B Ak %8 5% 44 ?&D T Records Select what bo e study and externg
Wgern I nto Make-up of the study and external systems = T Stludv ;
reas Areas
Buses | areas | Fores _ — | L S |
the Stud S Mumber Mame Which system?  [# Meig » | : . ' .
{ignare Zones | Zones | |
1 13| PEACHETM Skudy
2 15 WHITPAIN Skudy il = . .
Slalbw Stern 3 19 BURCHES Study Buses | 1 Buses |
4 24 LIMERICK  Study
5 30 COME G Stud : :
and the baiok Include how many tiers of neighbaors? Filter by kv
6 31 COMEGZ  Study 5% g
7 32 KEYS Gl Study Jioe Max | 9999.0 |3
exter nal & 33 KEYS G2 Study Set all as external Mn | oo |®
9 34 PCHETM 2 Skudy I >
10 35 PCHETM 3 Study [ Set Branch Terminals External ... ]
SLI b St ern 11 36 SALEM GL Study _ __SaVB buses to file
W 1z 37 SALEM G2 Study [ Set Branch Terminals Study... l .
13 38 S50 2 Ea [ o - . / Load buses from file
14 39 HOPE col Study Select buses using a netwaork cut
15 40 CCLF1 Skudy
16 41 CCLF2 Skudy
17 42 LIMERCKZ Skudy
15 249 SEMECA#1 Skudy 2
£ 3 |
Switch to the next page to create equivalents [ ﬂ Close l [ % Help l
L

&

] Can set
| buses, areas

Or Zones as
part of the
external
subsystem

Allows saving and |oadi ngj bus numbers of '-

external system to atext file
©2008 PowerWorld Corporation
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Partitioning the System

» Use Buses, Areas, and Zones tabs to change
external/study status of buses or all the busesin an
area.

e Use Add to Study System or External System to
add ranges of buses/areas/zones to the appropriate
system

 Include how many tiers of neighbors?

— When abus is selected to add to either the external or
study system, this value indicates how many tiers of
neighbors to include in the selection

 Filter by kV, Max, Min

— If Filter by kV option is selected, only those buses
selected to add having anominal voltage between the
specified Min and Max will be selected
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Partitioning the System

« Set external or study buses by filtering
branches and including the terminal buses
of branches meeting the filter

» Select buses using a network cut

« Save Buses storeslist of busesin study
system in afile (one bus number per line);
Load Buses |oads this list.

©2008 PowerWorld Corporation
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Create Equivalent

£Pawer, System Equivalents

Select The Buses | Create The Equivalent |

Build Equivalent
Delete All External Generators Max Per Unit Impedance For Equivalent Lines | 2.5 |

B UI | dS the - : Twio Character Circuit ID For New Equivalent Lines {99 V A | I OWS

4

Mazx MW Fatings Above
ui VaI ent [[IRretain Remately Requlated Buses [ remeave External Objects from Cnelines =
m Retain Branch Terminals For [Jconvert Equivalent Shurts to PG Load / Q.\/I ng

[ITransformers [remove Radial Systems
Stan [ zero Impedance Ties (% < 0,001) Delete Empty Areas/Zones/Substations that occur From
) Equivalencing eX er n

[Jarea Tie Lines
toafile

removing Lo
the external

The Following are alternative non-equivalencing tasks that can be applied to the Experfial System
&,I Wstqn Save External System in File Merge Bus Shunts Across Zero Impedance Branches
() Ertire External System Save External System Merge Bus Shunt VYalues Above ' 0.0 | :

(%) Entire External System and Ties Merge Across Branches
s

Delete External System b 2 0.00015 e SHEE=E

[ Remave External Objects from Onelines ST ———
glete External System
Delete empty Areas/Zones/Substations i L
included in the External System Maoke: IF bus shunt values are merged across area

lines, the unspecified MW transactions For the areas
will be adjusted accardingly.

Merge Shunt
\fixes a data
[savetonn] [ 7 Heln/ U1 close error seen |n

Deletes external subsystem some models
without building an equivalent
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Merge Bus Shunts Across

Zero-lmpedance Branches
D

» Feature was added to help fix some problem cases
PowerWorld has seen from clients

— Very large Bus Shunt values were showing up across
very low impedance branches

— They essentially cancel each other out though so it
seems to be a data error

— Merge Shunts fixes this data error

Initial System Merge Shunts Applied
~— 0.0 +j 0.0001 _— ~— 0.0+ 0.0001 _—
G and B Shunt G and B Shunt G and B Shunt G and B Shunt
5012 +j6891 -5016 - ]6882 -4+j9 0+j0
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Saving External System

 Either just the external system, or the
external system and itstie-linesto study
system can be saved in afile.

* \When used with T ools ribbon tab -
Modify Case - Append Casethisallows
systems to be merged together.
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Deleting External System

« Deletesthe entire external system from the case,
Including any tie-lines.
* Again, when used with Tools ribbon tab = Modify

Case =2 Append Casethis allows systems to be
merged together.

* Remove External Objects from Onelines deletes any
objects referencing the external system from the
open onelines.

« Empty Areas, Zones, and Substations in the external
system can be del eted.
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Build Equivalent

* Buildsthe Equivalent. This section
has the following options:
— Explicitly retain generatorsin the
external system with maximum MW
ratings above a user specified

Delete All External Generators

Max MW Ratings Above

[ ]Retain Remately Requlated Buses

thre§10| d . Rle:tlain Branch Terminals for
. Transformets
_— Retal n rernotel y r@tﬂ am bu% makes gZern Irrupe.dance Ties (% < 0.001)
sure that buses that are being remotely  goere i
rQUI atm by de\ll CeS I n the StUdy I Build Equivalent System
system are always retained.

— Retain the branch terminals for
transformers, zero impedance ties, area
tie lines, and/or zonetielines.

©2008 PowerWorld Corporation 114-20



Build Equivalent

Max Per Unit Impedance For Equivalent Lines 2.5 :

— Max Per Unit Impedance for
Equivalent Linesfield removes
eqUI Val er]t I I neS WI th I mpedances [ ]remove External Objects From Onelines
above thl S threShOI d Val ue. DCDnvert Equivalent Shunks to PO Load

[ ]remove Radial Systems

- Defl ne the TWO CharaCter CI rCUIt EelgtelEmpty Areas/Zones)substations that occur From
ID for New Equivalent Lines. e

— Remove External Objects from Onelines deletes objects
referencing the external system from the open onelines.

— Convert equivalent shunts into equivalent constant power
loads.

— Remove Radial Systemsresultsin all radial connectionsin
the network being reduced to the nearest non-radial bus.

— Delete areas, zones, and substations that are completely
emptied of any power system devices.

Two Character Circuit ID for Mew Equivalent Lines |99 b

©2008 PowerWorld Corporation 114-21



Seven Bus Example

Equivalendng...

* Open B/FLAT case
and in Edit Mode use —

@ Power System Equivalents

Select The Buses | Create The Equivalent

Tools ribbon tab -
Equivalencing to
Bl ted % A M T Records-

p I y ' Make-up of the study and external systems
Select buses 5, 6, and
) ) Mumber | Mame ‘ Which system? |# Meighbo

Mote: This form is for choosing BUSES. The options regarding Areas a

7 aS the StUdy 1 . OI l:tEI:na: {ignore stz
system; use Save I
Buses to File to save NN

numbersto file.
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Delete External System Example

e Gotothe Create The

Equivalent Tab

— Check the box Remove
External Objectsfrom

Ondlines

— Click Delete Exter nal

System.

e Click Yeswhen asked “Are

yousure....?

— DO NOT SOLVE the case
— DO NOT SAVE the case.

©2008 PowerWorld Corporation

o

Select The Buses | Create The Eguivalent
Build Eguivalent
Delete All External Generators Max Per Unit Impedance for Equ

Two Ch ter Circuit ID for Nev
Max MW Ratings Above Vo LnEractEr e e

[Jretain Remotely Regulated Buses Remove External Objects fro
Retain Branch Terminals for [ Convert Equivalent Shunts tc
[ transfarmers [ Iremove Radial Systems
[ zero Impedance Ties {X < 0.001) Delete Empty Areas/Zones/Si
Equivalendng

|:| Area Tie Lines
|:| Zone Tie Lines

[ Build Equivalent System ]

The following are alternative non-equivalencing tasks that can be applied to the Exter
Save External System in File

") Entire External System [ Save External System ]
{#) Entire External System and Ties

Delete External System
Remove External Objects from Onelinesl

Delete empty Areas/Zones/Substations
included in the External System

I Delete External System ]

[Save To Aux ] [ ? Help ] Kl close
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Deleting the External System

e OntheCaselnformation Rlbbon Tab C|ICk Power Flow List..

T.pwh Status

=| Power Flow List...

All objects
LOAD 1 130.00 0.00 13
. I b 50.54 4.67 1@
rer erer]CI ng GENERATOR 1 200.33 -6.59R 200.4
LOAD 1 200.00 0.00 00.0
TO 7 Seven 20.04 -8.84 21.5 11
1gv; T oeven rqvpyL g )
the EXternal I] *2++ Mismatch *#++ 35.75  11.03 |4
BUs 7 5-:-'-!-:-!‘1 135.0 MW Mvar MVA 1 [a]v) 218 3 ht
GENERATOR 1 200.65 51.29R 207.1
_—| Loap 1 200.00 0.00 200.0
w em a\Le/ TO 5 F 40.07  4z2.47 58
TC @ 1 -19.71 4.41 20
TO £ 5 2 -18.71 4.41 20.2 10
b ' '
%r] Five
1
39 MW !
removed Y romw
0 $/h / s 40 Mvar
200EMW
o MVBF 20 MW - Mw
Six e -' Seven
1.04 pu 20 MW E’ MW

LeftArea Cost @_‘ 200@MwW
AGC ON

2018MwW
AGC ON Q )

200fMw
0 Mvar

Initial

~ mismatches

at boundary
buses

Buses 1-4 have been deleted, not Equival enced Hence

ulvalent lines/shunts have been added.

©2008 PowerWorld Cgr(aoratl on
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Equivalencing External System

- DONOT SAVE @ ®erfnse

LY
Wine
| Mew Recent Cases i
oy [Mew Case =
e Reload B7FLAT 8 == ﬁ
ﬂa Save Case 2BTFLAT ator
qs...
Save Case As... 3 31decl D JOHM DAY-MARION BUCKLEY-MARIOM 501
= | Mew Oneline 4 CG 2018 EHW final with contingency results

® CI i Ck E q u i Val en Ci n g Select The Buses | Create The Equivalent

Mote: This form is for choosing BUSES. The options regarding Areas a

: OPT. +0 .00 214 == >
] B Ak fh % 4k 44 Records

Make-up of the study and external systems

+ Again Set buses5-7 |~
gal U% - Mumber Mame Which system? |# Meighbo
{ignore stz
as the Study system e —
y W " 2 2 Two External

3 3 Three External
4 4 Four External
5 5 Five Study
5] 6 Six Study
7 7 Seven Study
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Build Equivalent System Example

e Gotothe Create The Equivalent Tab

— Check the box Remove External Objectsfrom Onelines

— Click Build Equivalent System

* Click Yeswhen asked
“Create an equivalent ....?"

€ Power System Equivalents

Select The Buses | Create The Equivalent
Build Equivalent

Delete all External Generators Max Per UnitAmpedance for Equivalent Lines 2.5 :
Max MW Ratings Above Two Chffacter Circuit ID for Mew Equivalent Lines |99 w
[ ]Retain Remately Regulated Buses Remove External Objects from Onelines I
Retain Branch Terminals for [ Convert Equivalent Shunts to PQ Load
[ ] Transformers [ |remove Radial Systems
[]Zero Impedance Ties (% < 0.001) Delete Empty Areas/Zones/Substations that occur from

) Equivalencing
|:| Area Tie Lines

|:| Zone Tie Lines

[ Build Equivalent System
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Build Equivalent System Example

e OntheCaselnformation Ribbon Tab, Click Power Flow List...

S R REEEY s
) p—

=| Power Flow List...

aBus5and6 |

€ Six

2008MW ]\

Six
04

Left Area Cost {(_f}

) 200§MW

No Initial
mismatches
at boundary
buses

No changes
to internal
Study system

| (bus 7)

New Branch between bus 5 and 6 has
©2008 PowerWorld Corporation been added with Circuit ID of “99” 114-27



Equivalents and the Slack Bus

* Every system requires a slack bus.

* \WWhen creating an equivalent, sometimes the
slack busis“Equivalenced”.

 Simulator notifies user when this will occur.

* When this occurs, a new dack bus must be
defined.
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MAIN Example

e Open Midwest.raw
* Click Single Solution
e Case has 10,452 busesin 35 control areas.

* In example we'll reduce this number
substantially, looking at accuracy of results

— requires studying contingent response of
equivalent versus original system

— wide variety of cases should be studied

©2008 PowerWorld Corporation 114-29



Original System Contingency

—
 OpentheBusView - . Goto Bus 32364

" TakeLinefrom 32364 — 32363 out

Before Contingency

© Bus View N 27TH _32364 for Ml=1E3
- |Opti0ns > Views >  SearchFor... Bus [N27TH % -

of service and Hit &

€ Bus View N 27TH _32364 for

ngle Solution

History|N 27TH (32369 Hisb:rle 27TH (32364) w |fOptions > Views >  SearchFor ... Bus [N 27TH

-
EACK

©2008 PowerWorld Corporation

124.601 MW
35.549 Mvar

N 27TH

Bus: N 27TH (32364)
Nom kv: 138.00
Area: IP (57)

Zone: IP (325)

ID1

124.601 MW
35.549 Mvar

N 27TH

Bus: N 27TH (32364)
Mom KV: 138.00
Area: IP (57)

Zone: IP (325)

ID1

0.8846 pu 0.9846 pu

137.25 ﬂ\f 27.3 Mw 2.5 Mw 154.3 Mw 4.9 MW 137.95 EV 11.1 MW 140.6 MW 4.9 MW

-14.32 Deg -12.8 Mvar 4.3 Mvar -28.6 Mvar 1.6 Mvar -14.32 Deg Mvar -2.4 Mvar -34.8 Mvar 1.6 Mvar
0.00 S/MWh 30.2 MVA 5.0 MVA 156.9 MVA 5.2 MVA 0.00 S/MWh 11.3 MVA 144.8 MVA 5.2 MVA

s Wy

CKT1
DWTN|TIE

Py CKT 99
0.8955 pu CKT 99
137.39 Ev [HAMIJOND HAMIJOND
30134 30134
w 0.9959 pu 0.9946 pu
T 34.36 KV 34.31 KV
32366 CILCO ciLCO

Flow on 32364-32370is 140.6 MW and -34.8 Mvar
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|P Area Equivalent

e Open Equivalencing agin
e Click Set all as external
* Enter 57 under Study

©) Power System Equivalents

Select The Buses | Create The Equivalent

Areas and Click Ad

= BJX]

D =P R fs@n Records » Geo ™ :’

Make-up of the study and external systems

©2008 PowerWorld Corpdrati on

Buses | Areas | Zones
Mumber Mame Which system? (= Neig »
{ignore
1 13 PEACHETM  External ]
2 15 WHITPAIM External
3 19 BURCHES External
4 24 LIMERICK
5 30 COME G1 External
6 31 COME G2 External
7 32 KEYS G1 External
] 33 KEYS G2 External
9 34 PCHETM 2 External
10 35 PCHETM 2 External
i1 36 SALEM G1 External

Mote: This form is for choosing BUSES, The options regarding Areas and Zones are induded to aid the task of selecting or unselecting bjocks of buses,

Select what to add to the study and external sygtems

External
reas | | [ Add ]
fohes | | [ Add ]
Busgs | | [ Add ]

l

Set all as external ]

Study
Areas |53'r H Add ]
Fing. . .
Zones | H Add ]
Buses | H Add ]

Filter by Kv:

FS
Max | 9939.0|%

~
w

Min

[

Set Branch Terminals External ..

[ Save buses to file ]

[

Set Rranrh Terminale Shidw
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Build Equivalent System for IP

e (o tothe Create The Equivalent Tab

— Set Max Per Unit Impedance to 4.0 to eliminate high impedance

€ Power System Equivalents

equivalent branches

N M ake wre Other Build Equivalent
CheCk box% Delete All External Generators

Max My Ratings Above
[Jretain Remotely Regulated Buses
Retain Branch Terminals for
[ Transformers
[ zero Impedance Ties (X < 0.001)
|:| Area Tie Lines
|:| Zone Tie Lines

[ Build Equivalent System ]

— Click Build Equivalent System

— Answer “Yes’ to “Create an electrical equivalent, permanently

removing 10281 buses, ....7’

 New Case has 171 buses now.
— Seethisunder Case Summary...

©2008 PowerWorld Corporation

Max Per Unit Impedance for Equivalent Lines

402

Twao Character Circuit ID for New Equivalent Lines |99

[]Remove External Objects from Onelines
[ convert Equivalent Shunts to PQ Load
[Jremove Radial Systems

Delete Empty Areas/Zones/Substations that occur from

Equivalencing

W
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Contingency Result
using the 171 bus equivalent

Shunt equivalent element
has been added for tieline
to Hammond

Take Line from 32364 — 32363 out
of service and Hit Single Solution.
Results are same as beforel

© Bus View N 27TH _32364 for

Histary |

N 27TH

Area: IP (57)
Zone: IP (325)

137.55 KV

32377

- | Options > Views

NDECV

32366

CATERPI}

FARIESHH
3237

Area: IP (57)
Zone: IP (325)

0.9992 pu
137.88 KV

124.601 MW N 27TH 124.601 MW
Bus: N 27TH (32364 35.549 Mvar Bus: N 27TH (32364) 35.549 Mvar
us: us:
Nom kV: 138.00 /N Nom KV: 128.00 /N

D1

0.9958 pu 0.9958 pu
137.44 ﬂv 27.3 Mw [ 2.5 Mw 154.3 MW 137.44 ﬂv ] 11.2 MW 140.7 MW
-14.58 Deg -12.8 Mvar 4.3 Mvar -28.6 Mvar -14.58 Deg 0.0 Mvar -2.4 Mvar -34.8 Mvar
0.00 SIMWh 20.2 MVA 5.0 MVA 156.9 MVA 0.00 $/MWh 11.4 MVA 144.9 MVA
2 A
CKT1 s’ & r  HeKT1 @ ams
NDECE] CKT 1

4.93 MW
-1.85 Mvar

0.9946 pu
137.25 KV

NDECV
32362

E MAIN ]
32366

©2008 PowerWorld Corporation

Flow on 32364-32370is 140.7 MW and -34.8 Mvar
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Compare Contingency Result

Full Modél (10,452 buses)

€ Bus View N 27TH _32364 for

o . Histary |N 27TH (32364)

w |Opﬁnns > WMiews > | SearchFor... Bus [M27TH

N 27TH

Bus: N 27TH (32364)
Nom kV: 138.00
Area: IP (57)

Zone: IP (325)

0.9945 B

137.25 KV gg mir

-14.32 Deg o0 e
0.00 smawh | @

124.601 MW
25.548 Mvar

D1

11.1 MW 1
-2.4 Mvar
11.3 MVA

140.6 MW
-34.8 Mvar
144.8 MVA

4.9 MW
1.6 Mvar
5.2 MVA

CKT 99
HAMIJJOND
30134
0.9946 pu
34.31 KV
clLco

©2008 PowerWorld Corporation

Equivalent Model (171 buses)

€3 Bus View N 27TH _32364 for

History

N 27TH

Bus: N 27TH (32364)
Nom kV: 138.00
Area: IP (57)

Zone: IP (325)

0.9959 pu

137.44 KV

-14.58 Deg
0.00 $/MWh

0.0 Mvar
0.0 MVA

32363
0.9992 pu
137.88 KV

w |O|:utiu:uns > Wiews =

Bus |M27TH (32384)

Search For ...
124.601 MW
35.549 Mvar
4.93 MW
ID 1 -1.65 Mvar
¥ 11.2 MW 140.7 MW
-2.4 Mvar -34.8 Mvar
11.4 MVA 144.8 MVA
A
+CKT1
DWTN TIE

32365
0.9946 pu
137.25 KV

N DECV

32366
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Area Equivalent with a Few Buses

e Sometimes it isuseful to retain an area,
representing it by afew buses, or even asingle bus

— with total load and generation for the area
— allows modeling of interchanges between areas
— can explicitly retain key tie-lines between areas
« Select afew busesin areato retain. Usually these

buses contain large generators or connect to
Important tie-lines

« Equivalencetherest

« Modify equivalent load/generation to match
original load for the area
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General Equivalencing Tips

* Tendsto beatrial and error process

« Continually compare accuracy of equivalent
versus original system

* Avoid equivalencing automatic controls close to
area of interest
— PV generators
— LTC/Phase shifting transformers

— DC transmission lines
— Switched Shunts
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Merging Systems

e The ability to merge severa systems
together 1s often important. For example,
merging a detailed model of own system

with aless detalled external system (e.g.,
the MAIN modél).

* |n Edit mode use Tools ribbon tab -
Modify Case = Append Case

* Append command completely overwrites
any duplicated records.
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Merging Systems

Tie-lines, usually
stored with appended

system \

Origina ) / A ded
System oy

7

Appended system can be saved
using Equivalents display using the
Save External System in File option

©2008 PowerWorld Corporation
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