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Motivation

» Reactive power, or Var, is a critical need for power system
operation, and has received greater attention by utilities
and researchers since the Great Northeastern Blackout in
August 2003.

» The development in Var compensators like SVC and
STATCOM makes it more attractive to site Var at
appropriate locations with appropriate amount.

» Review of RPP: objectives, constraints, and algorithms

» Present a RPP approach considering voltage stability with
two sets of variables
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Review of RPP: Objectives,
Constraints, and Algorithms
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Objective functions

» Minimize Var cost

> C€1-Qc (no fixed cost)

> (CO0+ C1-Qc)-x (with fixed cost C0)
Minimize Var cost and real power losses
Minimize Var cost and generator fuel cost
Minimum deviation from a specified point
> 2(Vimex - V)

Voltage stability related objectives
Multi-objective (MO)

YV V V

Y VYV
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Constraints
» Optimal Power Flow (OPF)

» Minimize f(u,x)
> Subjectto g (u,x) =0
> h(ux)20
» Security Constrained OPF (SCOPF)
» Considers security constraints
> Voltage stability constrained OPF
» Considers voltage stability constraints
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Solution Algorithms

» Conventional Approaches

» Linear programming

» Nonlinear programming

» Mixed integer nonlinear programming
> Intelligent Searches

» Simulated annealing

» Evolutionary Algorithms

» Tabu Search
» Fuzzy set theory

> To address uncertainties in constraints as well as
objective functions
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Voltage stability constrained
RPP with two sets of variables
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Var compensation and stability margin

Origital totaltransfer capability

b Val' Compensation considerig 23% margin
increases total
transfer capability

Hevar tota ratiefer capability
corsidering 2 5% rargi after War
COMHpensating

pathoof Polf TTC

e Var, TTC and cost
— We may apply an enumerative approach to site Var

- Nonlinear Nonli
|Varcompensatlon QCI Sor——L11C 02';:“: fuel cost
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A generic approach of two sets of variables

Min: CCe,, o) b >, (Pey) + 2 1,(Qu) <V,
Srbjact to:

Fix,, p, TTC, =10

F(Iaﬁ £ WC*} =0

(TTCw - TTC N TTC =50

S > S,

X o rrain < Lo < Lo max

L e XS Xpny

pmmi.ﬂi.ﬂmax
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Sy =k { Mumbar of ¥ar compensafor insfallafions)

. F -F -F¥V.87=0 [ Real power balance)
Constraints  ; _p _pp ey-n

applicable 0 +0 -0 -0(F.8)=0 ({Reactive power balance)
to both of Q.+ -0 -gw.e)=0

the normal FPUMLp £ pUAT (Feneration real power limits)
ti F™s F, 5 ™=
Op_era ing R B | Fengrafion reacive power [imifs)
point and g <0, g
PoC FpresyE s { Volfa ge Timits)
Freal sEr
|LF | LF™ (Line flow thermal limits)
|LF.|sLF
A=
S T (Tie lme MVA TTC securify margin)
5 —
S = S (Necurify margin limits)
. S R A [ Compensafion hmifs) 13

Constraints are only applicable to PoC
Pz PE'“!. (ieSink)  (real ioad in load center increases)
(- QE._,!. (i e Sink ) (reactive load in load cenler increases)

B 2 Pg,,- (i € Source ) (real power generation in

gereralion cerler IRereasar)

o _ = | = _ oo
P o [ef‘P" efp?'}( B - ipattars af
w=FL+ ZIPT“"“—P',’.I

ok

genaration iRcradse)

o = p! 0
(.; EE‘:'_.’_.-PZ‘:']XPZ‘:' _
P pl | heSnk iesink (patterrn of load increase)
1 = A < £
Lt
fadink
Frgl PE,.!. = ! QE,,!. (maintaining cornsiant

power factor when load increases)
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Seven-Bus System Example: Base Case

Load conter

— gD
57.85 Mvar{ /() 75 Mvar Case Hourly Cost
Bus1 | .& —y | 14936.758M0 150 MW
1.05pu T é_Q’O.BGSpu_ \ 50 Mvar
4 <o i y oty W L
o i T
1003 MW A5 z’ 1.008 pu
vaag =l — [ 200 MW
< - @ { 2L 100 Mvar
1 e —r" @

50 Mw 4. [

20 Mvay, | -
Busé6 | 4
1.05 pu | : ! 1.044 pu
A 268.423 MW 198.75 Mw /& $ 80 MW
(5] 41.663 Mvar 93413 Mvaf (0] 40 Mvar

Binding Tie-line flow =348MVA

[ . .
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Results from VSCOPF model with the
proposed TSV approach
Ohjec tive
Fuel cost ($/h) Var cost ($/hi) Total cost ($/hi)
1516298 24.4a 15193 .44
Variahles output
Bus 1 2 3 4 5 i] 7
o, (MV ar) 1434
F (hinary) 1
P (M) 25 200 300 | 196
Oz (MVan | 81 100 52 | 55
Fra MW 100 190 150 200 a0 20
O MV ar) an_ | 75 50 ] 20 | 40
Va (V) 105 | 1.01 | 0.99 1.00 0.97 104 | 1.01
TTCMUE) | 36954
Fz: (WMWY 70 200 300 300
OgeMVadl | 63 100 g 100
Frd MW 113 215 170 228 a0 20
DMV ar) a7 | &7 60 73 20 | 40
Fi (W) 1.02 1.00 095 n.er ner 1.05 1.03
TTCAMVA) | 49273
[
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Comparison of three models

Table IV. Results comparizon of three models: Enumeration, T3V Model I,

and TAV Model IT.
Enumeration T3V modelto T3V modelto
approach 3 minimize fue
ozt o ost+ Wat co
(TSYV Model I (TSV Model IT)
Running time (=) 21 0.156 0328
Fuel cost ($/hf) 1516913 1551586 1516898
Var cost (§/h) 2521 n.oo 24.46
Tatal cost (/) 1519434 1551586 15193 44
Var location Busz 3 MHone Bus3
War gize (M Vaf) 15 n.an 14.54
TTC MV A) 369 46 3n4.z9 369 54
T IV A) 452 .41 dad 28 492 73
poyiby 25% 34% 25%
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Results from enumeration approach

Bus 3

Total cottradued on (4 )

] S
E1]
o EBus 5
2@
% (Mvar)
[——fc bus2@iy —s—Ac 3@ Ao huEgn |
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Conclusions

19
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Conclusions

e Areview of RPP is provided.

e The results from the enumeration approach and the
improved TSV model are very close. This validates the
TSV model.

e The economic efficiency of Var compensation may not
grow as the Var compensation amount grows.

— It may be an economical loss if the Var size is beyond a
certain range.

e The results show that the new objective function in
the improved TSV model (to minimize Var cost and
fuel cost) may lead to significantly different results
from and is a great improvement over the model to
minimize Var cost only.
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Questions and Answers?
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