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Abstract. The optimal power dispatch problem in the power
system is looked out in the given work. The mathematical model
of power system optimal regime searching approach in the
market conditions in accordance with Pareto principle is
described. The theoretical layout is illustrated on a real power
system model of the united power system, which consists of 17
nodes and 21 lines. The procedure is realized using the GAMS
software.
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|. INTRODUCTION

The problem of power system operation under mark
conditions and competition is very important at present
time.

There is looked out the model of power system e fr
prices on electricity below. Each node is represgnby
station or group of stations. The aim of the wigstem is to
cover the given energy demand, and the aim of eadh is to
minimize expanses caused by energy generation.eTtvas
aims can lead to different levels of energy gemnanaat each
node. Two concepts are used to reflect optimal wehaf the

Py

Variablesy; andc; mean the energy flow from nodeto
nodej and energy price, associated with the figwConstants
=; are loses coefficients

)

where 5; — phase displacment angles between voltage vectors
U, and U;;
R; — active resistance of line between noidasd,;.
l.e. valuer; y; gives the part of the flow;, which was lost
during transmission from nodé¢o nodg.
The total expenses can be expressed in the falp¥arm

n
Cs, (>ﬁ +Yii» Yii 1Gij 1 Cji ):Ci (Xi)—z% Gyt
=1
n n ]n (3)
1 1
+Zaji Cii Yii +EZ% 7 G Yij +§Z%i i Cji Yji -
j=1 j=1 j=1

The first term of (3) gives the expenses, caused by

whole system and every node [1] — [3]. Optimizatiorgeneration ofx; units of energy. The second term gives the

calculations are performed using the Pareto priacip

Il. THE MATHEMATICAL MODEL

It is assumed that the power system containsdes, some
of them are connected. In every nddmould be generatior
and demandP,. VariableP; is bounded from above by value
X;. The node cost function’s form [1] is

Ci(x)=ai+B% + 7%, i=1n. 1)

Generations; and flowsy; must satisfy the first Kirchhof
law:

X =R +Za1 Yi _Zaji A-7z)y;, i =1n,
i1 i1

whereP; — the load at the node
Elementsy; of the connection matri& are given by

1 if nodesi andj are connected,
% =10, otherwise.

54

profit from the sold energy. The third term in (@scloses
expenses connected with the bought energy. Inwiik is
assumed that expenses, corresponding to loseseafyerare
equally separated by seller and buyer. This isrédason of
appearance of the forth and fifth terms in the egpion (3).
For the mathematical model of power system is assum
that the following inequality is true
P <x, i=1n,

(4)

£ whereX; — the maximal power of the power plant.

The main problem is formulated as the following
multicriteria optimization problem [4]:

CZl(Xl' Y1j: Yj1 Gj ,le)—> min,

.......................... (5)
CZn(Xn-Ynj’yJ'n,an,Cjn)—) min ,
X =R+2.qy; -~y a; -7y, i=1n, (6)
j=1 j=1
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¥ Vi =0, i =1n, (7) nodei. In order to find a Pareto optimal solution fuoeti(12)

subject to constraints (6-10) should be minimizehm this
point of view we have from (3) that the loss fuoo8 in the
model are also separable. Then from (12) the fafigw

Gy <Gy <G4y, 1j=1n, ®) function could be obtained:
- n n n 1 n n .
0<x <%, i=1n, ©  2G0)-223G% +52.2.3 75 GY; > min. (13)
i1 i j1 i1 j=1

0<y; <V, i=1n. (10) M|n|m|z_at|qn of fungtlon (13) can .be interpretedfalows.

In the objective function (13) the first term (tbtaosts) and
the third term (expenses of total loses) are miréahj while
the second term (expenses of total transmissioa)taluminus
before the term is maximized.

Constraint (7) forbids simultaneous flows in opp®si
directions at the same line. The valyedefines the maximum

available flow bet_wgen nodesnd;. L ) The considered mathematical programming problems fo
Energy transmission from the not® | is suitable for both fin4ing the Pareto optimal solutions are noncomamnd,
nodes if the price; satisfy the inequality hence, van has many local optima. In order to fhelglobal

optimum optimization technique is used [5]. Thishieique is
based on the general branch and bound scheme, when

_ o _ . multiextremal problem is approximated by a sequente
Problem (5-10) is a difficult mathematical program@ convex or one-extreme problems.

multicriteria problem. Moreover, in this problemiqasc; are
variables. Hence, as soon as we have tegys we meet IV. EXAMPLE OF CALCULATIONS
bilinearity that complicates the problem from thgimization
point of view. In general, bilinearity leads to iektremality
— solution with many local optima. Other sourcesitifearity
are constraints (7) and (8). In such case, to oweecthe
bilinearity, a global optimization approach canused.

Ci(x) <¢ <Cj(x). (11)

The optimization model is looked out on the powgstem
test scheme. The scheme represents real integpeteer
system of Latvia, Estonia, Russia and Lithuanig.@i In the
given scheme Latvian power system is representedeby
substations, Estonian power system by three sidorssatbut
part of the Russian power system — by three substat

Ill. PARETO OPTIMALITY CONSIDERATION IN THE OBJECTIVE
Power generators connected to buses of the nesharen as

FUNCTION red cycles. The power system of Lithuania is regmesd by

A strategy vector equivalent power in the node LIKSNA. Such approath
nodal power system model representation provides

xP = (Xpl’""xpn) correspondence of regime parameters to the whedgriated

. . . _ power system in the field of research and facd#eaanalysis of
is said to be Pareto optimal if there are no otsteategy regimes. Lines’ active resistances are shown orfitpel. The
vectorsx=(x',...,x"Je X such that rated voltage of the net i&J, =330KkV. Active power
_ generation limits on power plants are:
fi(x)< fi(x?), i=1n

200< Peeg £1200MW;

and 200< Py < 765 MW;

100< P, <400 MW,
fi(¥) < f () RHPP
100< Py ypp <865MW .

for somek € {1,2,...,n} [2]. L

If we take constraintsy, >0, i=1n (constantsy are
weights or importance of each loss function) anbVesdhe
problem

Power lines’ carrying capacity was limited on 30W/. Reactive
power flows and power system elements’ reactivisteexes are
not taken into account during the calculations.
There was modeled the given regime of the modehdur
n the first stage. Normal active power dispatch isvah on the
D" w4 £.(X) > min, xe X, Fig. 1. The regime was coded using General Algebrai
i=1 Modeling System (GAMS) language. GAMS is a highelev
language for developing mathematical models withctse
then the obtained optimal solution is a Paretonogitisolution. algebraic statements. It makes use of relationdabdae
In our settings every node is a player. We sugdest theory and mathematical programming and further gemr

consider the generationof nodei, energy flowsy; from node them to suit need of mathematical modelers. Aparinfa
i to neighbor nodes and associated prigess the strategy of
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Fig. 1. Real power system model

During the calculations of marginal prices for nedéthout
generating sources it was established that marginze in the
node increases by 1% as to the nearest node witkerpo
generation for everyQ of line’s resistance in the direction of
power flow. Nodal marginal prices are displayed~im 1.

It was assumed that all nodes have equal importdree
weight coefficients arg; =1. The Pareto problem according
to (13) was modeled in GAMS software. Solving trere®o
problem optimal economic dispatch that is shownthenFig. 2
was gotten.

From the gotten results we can see that after peysem
mode optimization in accordance with Pareto prilecip the
market conditions the generation and power flowsthe

wide variety of optimization problems, it can handl
simultaneous linear and non-linear equation sys{éma|.
Power supply cost characteristics are acceptedllasvé:

Ciesti = 200+ 014- P+ 0.00025 PZ.;;
Cgari = 200+ 023- Py + 0.0003 P2, .

Cprypp =100+ 011- Py iop + 0.00065 P2 10 -

Marginal price in the nodes; of the power system are

gotten as the first derivative from aggregate cosyStem hav_e Ch"?‘”ged- For all to see, before motieieation
characteristics: marginal prices in some nodes of the power systengiater,
than power flow prices from those nodes. That's wioges

G =Ci'(Pi)’ with higher nodal prices than power flows’ pricasdirection

to nodes, are interested in price increase. Afgine

. . gptimization marginal prices in generation nodesalee

wherei — power supply (in our model those nodes are Eesfiqa| and prices of power flows in the network sfgtithe
Balti, RHPP, PL.HPP). inequality (11).

For nods with power transit marginal prices wereepted at

the level: 0.35 for the node Liksna, 0.4 for nodksikorec

and Kingis.
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Fig. 2. Real power system scheme after modeling

V. CONCLUSIONS

Developed algorithm allows observing criteria datacosts
on generation and loses expenses in the networkniastion
and profit maximization in the efficiency functiomf
optimization task.

The algorithm’s approbation on the 330 kV netwofkhe
real Baltic power system example at the accepted pwaver
plants’ cost characteristics gave proof aboutigaluility.

This work has been supported by the European Séciad
within the project ,Support for the implementatiohdoctoral
studies at Riga Technical University”.
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