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A STUDY ON OPTIMAL REACTIVE POWER OPERATION
AND PLANNING USING DECOMPOSITON ALGORITHM
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1. INTRODUCTION

As the structure 9f power system owing to the
interconnection of power plants become larger,
the tasks of controlling bus voltage and main-
t;ining the stability of large scale system
are needed.

Reactive power planning is to determine that
the size and the site of anew invested reactive
power facilities to achieve these purposes,
also to obtain the optimai economic operation
condition of system.

Thus reactive planning problem is composed of
operation aspect and investment aspect.

In the former problem,the fuel costs are
minimized and in the latter,the optimal sites
and sizes of additional facilities are determ-
ined, while maintaining an acceptable system
performance in terms of limits on generator
real and reactive power output, outputs of
shunt capacitor and reactor, transformer tap
settings, bus voltage levels.

Therefore the fact thgt two different object-—
ives have to be integrated and satisfied, makes
reactive power planning problem complicated.
To handie the large scale problems of this
nature, powerful mathematical methodology,

New Decomposition Algorithm is applied.

*
DOO HYUN  KIM

SEOUL. NATIONAL UNIVERSITY

Planning problem is divided into P-optimization
problem and Q-optimization problem. -

Even in the large scale system, the P-optimiz-
ation problem is not difficult to solve.
But,Q-optimization problem has different aspect.

In this paper Q-optimization problem is also
decomposed into master problem which determines
the amounts of investment in reactive power
compensation devices anq sub-problems which
determines the optimal economic operation cond-
ition of power system using anew developed
Decomposition Algorithm.

2. MATHEMATICAL MODEL
2.1 Cost Function

The cost function is the sum of investment
cost of additional reactive power facilities
and each generator fuel cost which can be
expressed as the quadratic function of
generating power P3 for all generator j.

The cost function is presented as follows:

' N
F(P ,U )=Z§CI'_(AJ- + BB+ G'B+ g_".ciui
L31ENEY] (%4
where, N : total number of buses
G : number of generation buses
C : unit cost of reactive power
compensation devices (shunt

capacitor and reactor ){ /Mvar]
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Uy : amounts of newly invested shunt
capacitor or reactor on bus i
A3 .B;, C; : fuel cost coefficients of
genera.tor i

k : load levels, k=1,

2.2 Formulation of the problem

The reactive power planning problem can be

formilated as follows:

Minimize F( P;, Uy)
subjected to

Pmn & Psg & Pux

Uy +Qun 2Q < Quxt Ue
]
Tom 2T & Tux
Van ¢V £ Vux

g .Q,T)=0
0 & Ue & Uemx

0 < U_ £ Uwnx

where, PSB : vector of real power of

all generators including
slack generator

Q : vector of reactive power
of all buses

T : vector of off-nominal
tap setting of LTC

v : vector of bus.voltage

magnitude

Ue, U. : amounts of newly invested
shunt capacitor and reactor,
respectively

g(+) : real and reactive power supply
and demand balance equation

(')M'x’{.)mn ¢ vupper and lower limits,

respectively

3. DECOMPOSITION METHODCLOGY

3.1 New Decomposition Algorithm

In the solving the programming probl-

em of the following form:
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Minimize C, X +CrU

subject to:

AX+BU £ b

where, A : [ Mby N] matrix
X ¢ N vector
U + NN vec‘tor
B : [Mby NN ] metrix
b : M vector

C, ,Ca : M vector and NN vector,

respectively

Suppose that the feasiable initial
point of variable of U, U, , the orig-
inal problem is converted as the follo-

wing Sub-problem.

Minimize C7 X

subjected to: AX £ b-BU,
Solving above problem of only X, the
informations of active set of N in num-
ber,the value of dual lagrange maltipl-
ier: Ax , optimal solution of X, are
obtained.
Using the coefficients of variable X
in active set, the sensitivity relation

between AX and AU is acquired.
aX = - Ay BaaU

where, (-)a : active set

A(-) @ incrementals of (- )

With this relation, the original problem
is transformed following Master problem.
In this Master problem, the constraints

are achieved in the non-active set,

Minimize [ - C, A, Bo + CIlalU
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subjec{ed to:
[ -A A By + B,lau
5b,.-Ah'XP— BaUp
where, ( )n : non- active set

(+)p : previous value

Solving this Master problem, the informat-
ion of active set of NN in number, the value
of dual lagrange multiplier: )y, opti-
mal value of AU, are obtained,

Taking ., Xu,» into consideration,

the lagrange multiplier equivalent to

original problem are inducted as follows.

e T K: AL Ay
L -
Au

The values o% variables are updated in
terms of AX, AU, stopping criteria of
this algorithm is non—negativity of lag-
range nultiplier of A .

In case of violation of criteria, the

constraint relevant to negative multiplier

leaves active set,the procedure is iterated.

3.2 FLOW CHART OF NEW ALGORITHM

X ROUTINE
X :}\»K
CONSTRUCT
NEW ACTIVE SET
L

aU ROUTINE | | UPDATE VARIABLE
an , A X , 8

3.3 Decomposition of planning problem

3.3.1 P-optimization
The quadratic fuel cost function is

linearized.

Minimize @p APsg

subject to  APsgma $&Psy & APggux

J
g (APg) = 0

where, 8; 2 [ B+2GE ,...,B, +2C, P}

m : total number of generator
including slack generator

a(-) : incrementals of ()

3.3.2 Q-optimization

The Q-optimization problem is decomposed

into the following two forms,

i} Sub-problems

T
)

Minimize

subjected to;

1o I | &qu| 110l Yl
011 ATy 010
-1 10 < |-Aaml| - | 0 }-1
0 |-1 - &Tpn 010
o Ly 0
-Jo vaﬂ 6
where, X @ Al
AT
Y : initial feasible value of laU
oW

This sub-problem routine is computed 1-times

according to different load levels.
ii) Master problem

Minimize T ay
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subject to: AY € S

where, S

non-active set of original

constraints

4. COMPUTER FLOW DIAGRAM
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5.MODEL SYSTEM STUDY

To illustrate the feasibility of above new
algorithm a small system with 2-generators,

6-buses,7~lines, has been considered.

arbitrary subset composed of
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6. CONCLUSION

¢ A method of finding the optimsl site and
size of newly invested shunt capacitor
and reactor is presented in this paper.

e The optimal economic operation condition
of power system which minimize fuel cost
is conclued.

e Using decomposition algorithm, the effii—
cient analysis of large scale system is

within the limits of the possibility.
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