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1. Intreduction This paper concludes that mathematical
This paper provides a brief summary of programming is an important tool in the
the current state of the art of wmathe- field of electric pover systenm.

matical programming techniques for 2.)1 Optima) Pover Floy

optimization vproblems in power systems. The Optimal Power Flow (GPF) problem is
The optimization problems surveyed here foramulated as follows:

are the optimal pover flov (OPF), unit Minimize F(x) = iic fiPy) (1)
coamitment and optimal reactive pover sub. to ji 4 Pi 2 Fi , 1&g (2}
planning (ORPP) problea. Various optimi-- 9; <0, £ ﬁi , ieh (3)
zation  techniques described are the ¥, <V« Vi , ieN (4)
recursive quadratic proxral;ing (ROP) ex- o < < Kk , kek (5)
ploiting an exact or approximate Hessian P} =Py . iel (6)
satrix, the variable reduction where G, L and K respectively denates an
technique, the mixed integer programaming, index set of generator nodes, load nodes
the subgradient wmethod, the Lagrange and load ratio transformers, and
relaxation technique, the variable metric N=0G1UL. The function f. in (1)
sethod, and the Benders decomposition. represents a fuel cost as a function of
The special features of the optimization generator output. Equation (2) is a limit
problem of a povwer system are 1) Large on the generator output. Equations (3)-
Scale, 2) Real Time, 3) Nonlinear, 4) (5) are the upper and lower limits on
Nonconvex, 5) Mixed Integer. Many algo; reactive pover, voltage magnitude and
rithas have been proposed for solving transforaer tap ratio, respectively.
optimization problems by exploiting these Equation (6) denotes a active power
special properties. For example, a large balance at load nodes.

scale optimal pover flov probles with In these equations, independent
4,000 nonlinear constraints and 86,000 variables are vi’ oi and n. the
variables has been solved. functions P, and Q; are nonlinear
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function of these. independent variables.
2.2 Recent Study on OPF

1) Burchett, et al.[15]

The OPF problem with 1,500 variables is
DEC-VAX 11/780 within 60

solved on
minutes. The optimization softwarce wused
is MINOS/Augmented devéloped at Stanford
University.

2) Talukdar, et al.-{17]

The dimension of the Hessian matrix is
reduced by wusing the fact that the

equation (6) is an equality constraint.

3) Rapp, et al.[19]

The RQP aethod vith an exact MHessian
matrix is employed, and a large scale
nonconvex ar problen is solved

repeatedly.
4) Sun, et al.[20]
Since the Kuhn-Tucker conditions for a

nonlinear prograaming problea with

equality constraints are expressed as a
system of nonlinear equations, the Nevton
method for finding a solution of
nonlinear equations is esployed.

5) Aoki, et al.[6]

The equations (5),(6) are approximated

by a quadratic function, and the Hessian

of the Lagrange function for the OPF
problem is approximated by a constant
matrix. So the QP problem in the RQP

method can be solved efficiently by

exploiting the sparsity.

3.1 Unit Commitment

The Unit Commitment problem can be
foraulated as follows:
I
Min. tzliil(fi(Pit)’Si(x“.u“)} (7
sub. to E Py = Lt, (8)
E Prrug, 2 R, (9)

Pirugp S Py Py (10)
Ui ® 1., if 0<xit<nut(1) (11)
ug o 0, if ndt(i)(xit<0 (12)
vhere I : nuaber of generators,
fi(Pit) fuel cost function,
Si i start up/shutdown cost,
Pit ¢t output of generator-i

at period-t,
R, : demand and reserve,
upper and lover limit.
x.. ¢ state varijable,

uje control variable,

“it=l(0) if up(down) decision.

aut (adt) minisum up(down) time.

3.2 Recent Study on Unjt Coamitment
1) Merlin, et al.[22]

The Lagrange relaxation method is

applied and the subgradient wmethod s

used for maximizing the dual function.

vith 172 generators

The E.D.F. systen

model for 48 hours is solved.
2) Bertsekas, et al.[23] .
The unique approximation method using an

exponential function is proposed, and a

system with 100 generators is solved.

3) Aoki, et al.[11]

The Shor’'s ellipsoid method is employed

for maximizing the dual function, and a

large scale wunit commitment probles

including the fuel-constrained thermal

units and the pumped-storage hydro  units

are solved.
4.1 Optipal Reactive Power Planning

The Optimal Reactive Power 'Planning

(ORPP) probles is formulated as follows:

Min. ] d.c.y. 13)
s 1 171
ieLy _
sub. to P, <P, <P, . QeG, teT 14)
Q;p €05, < T v QN teT  (15)
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Pip = Pyp » icl, teT (17

B‘kt S. nkt Si‘kt ’ kEK. teT (18)
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Y, = Yt(nlt""

t ) (20)

vhere L[ = LN ] LE' LN and LE are the

index set of candidate nodes for

capacitor installation and capacitor
existing nodes, respectively.
4.2 Recent Study on ORPP

1) Happ, et al.[28)

In their approach, an integer variable
is considered as a continuous one, and an
obtained is rounded to a

value nearest

integer value. The continuous problenm is
solved by using MINOS/Augmented.

2) lyer, et al.[31]

They employ the recursive mixed-integer

programsing method, and the Benders

decomposition technique is applied to

each mixed-integer programming probles.
The decomposed subproblems are solved by
using the branch-and-bound method.

3) Lebovw, et al.[29]

They use the generalized Benders
decomposition, and a 2-stage hierarchical
computation method is developed by using
the restrictibn technique.

4) Granville, et al.[30]

The 2-stage structure is expanded to the
3-stage one, and the IEEE 118 node systenm
vith 3 load levels and 4 contingency
cases is solved.

5) Aoki, et al.[33]

A problem with a large number of load

levels and contingencies is solved by

using a deccmposition method for a convex

quadratic programaing problem. In this

approach, the recursive quadratic

programming method is applied for solving

the continuous reactive power planning

probles, and the continuous problem s

decomposed by fixing the coordinate

variables.

5. Conclusion

Three types of the optimization problems
surveyed, and

in power systems are

various optimization technique applied

for solving thew are described briefly.
It may be concluded that the mathematical
efficient

programming technique is an

tool for optimization problem in power

systems.
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