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IMPORTANCE OF THE I SSUE

Electric power engineering is a leading sphere mffastructure that without any
alternative defines the frames of economic devekgmopportunities; therefore it is
necessary to provide prevailing increasing of gatieg power as well as to realize safe and
gualitative supply of electric energy.

With the appearance of first electric stations godt electric power systems (EPS) the
tasks of optimization of their operation modesfarened. They include the tasks of minimum
expenses achievement of electric power, decreadipgmary power resources expenses for
its production, decreasing of negative influencetlom environment, solving of the tasks of
electric power transporting, etc.

On a par with these maintenance charges the taslesigning mean not less: elaboration
of power engineering systems optimal developmeatesdy and selection of electric networks
and its configurations, including new types of &iecstations and substations, power and
location, voltage, cross-section of wires, etc.sTdm extremely complex technical task, in the
solving of which it is necessary to take into acdothe presence of power resources, the
conditions of their transporting, the convenientelectric power and heat energy delivery to
the consumers, implementation of the demands terkigonment protection, choice of place
for the electric station being built and other regnents.

A valuable contribution into the development of gowsystems regimes optimization
theory has been made by such scientists like: Melberg, T.H. Smith, V.M. Gornstein, L.A.
Krumm, A.V. Bogoslovski, B.P. Mirosnicenko, A.V. Ramarjev, V.A. Venikov, V.G.
Zuravljev, D.A. Arzamascev, P.l. Bartolomej, L.Slfaev, N.l. Voropaj, A.Z. Gamm, A.L.
Mizin, L.A. Melentjev, V.G. Derzskij, M.E. El-Hawary, G.&hristensen, A.J. Wood, B.F.
Wollenberg, Y.H. Song, J.A. Momoh and others.

Natural wish for improving of economic effectivesesf EPS and their elements modes
under the market economic conditions, production etdctric energy, extension and
diversification of distribution and consumption pesses demand the heightened
requirements to the effectiveness and flexibility tbhe planning algorithms, operative
optimization and its regimes correction.

To improve the effectiveness of maintenance aisthdeng tasks solution at EPS with the
electric stations, substations, electric transraissiines of different types belonging to
different types of property forms the accountingrafiticriteria models is compulsory.

The structure and organizational changes in tHd 6&electric power having taken part
during the period of last years require the revadwptimization of EPS regimes control. The
multi-criteria approach gives an opportunity of maomplex solutions of the tasks of power
systems operation regimes optimization, more ateucamplying with the technical and
commercial restrictions and, therefore, obtainifigth® maximum close to present reality
solutions.

Transfer to the formation of market electricityqas results in difference and, moreover,
contradiction of optimality criteria of particul&PS entities functioning. If earlier, within the
period of electrical power engineering centralizedtrol, the key criterion of optimality was
minimization of self-expenses of fuel energy uétizfor electric energy production and
generated energy, then under the market condititemsonventional task of optimization is
divided into subtasks. The most determinative ehthis maximum criteria for the income
from the energy sale or minimum of tasks of elednd heating energy resources production,
delivery, transmission and distribution. The crdarof prices minimization is also considered
as an important.

The competitive wholesale trade of electric enestpuld organize transparent and
effective system of management and formation afgsrifor the supplied (bought) volumes of
electric energy. Hence, with the liberalizationpofver engineering market, the improvement
of research methodology of operative managemeks @sEPS regimes is becoming topical.



All the aspects mentioned above and the importarictheir consideration define the

subject of this paper, its aims and reasons ofcehoi

GOAL AND TASKSOF THE THESIS

The goal of the paper is to investigate the oppaties of development and operation

regimes of EPS, including the consideration of theestions of analysis, multicriteria
optimization, implementation of modeling and demismaking for the increasing of stations
functional effectiveness. To achieve the goal tilewing tasks were considered:

1.
2.

3.
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To investigate basic methods of EPS regimes mitérc optimization.

To investigate the problems of optimal EPS loadritistion among electric stations
under the conditions of multi-criteria goal task.

To examine principles and features of EPS operatiater the conditions of competitive
electric power energy market.

To propose methodology and algorithms for solubb&PS development tasks relying on
the examples of solving of particular projects afvdian power system development from
the multi-criteria analysis point of view.

METHODOLOGY OF RESEARCH

The following research methods and tools have bgefied in the study:

Newton's method for solving systems of non-linedgebraic equations describing
stationary regimes of EPS;

Lagrangian method for the optimization of non-lineesks;

Criteria of decision making under the conditionsin€ertainty;

Pareto optimality principle;

Interactive environment MATLAB, foreseen for intéres calculations, data analysis and
its visual representation;

system GAMS - high level programming language fewadlopment of mathematic

models and solving of the optimization problems;

MathCAD system for the solving of engineering peshs and visualization and analysis
of the results;

program package MUSTANG for the modeling of powetems regimes;

means of Microsoft Excel program.

SCIENTIFIC NOVELTIESOF THE RESEARCH AND MAIN RESULTS

1.

ok

Multi-criteria modeling methods of EPS regimes optiation tasks have been
investigated that gives an opportunity to improvBeativeness of its operative
management.

The mathematical model of EPS load optimal distrdyu is elaborated taking into
account the minimum criteria of consumption of fupbwer losses in networks and
emissionsinto atmosphere. The character of fuel consumptbnpower stations is
investigated depending on the factor of local ctods and varying of fuel features,
decreasing the emissions into atmosphere in tleeteel power plant area.

A research methodology and mathematic model is esigd for an optimal power
distribution among EPS elements under the conditioh market relationships among
power engineering entities like it is in the uniteBS testing schemes of Latvia, Estonia,
Lithuania, Russia and Belorussia.

The main development project of Latvian and Baltever systems is analyzed.

The algorithm of optimal strategy selection of EfR&elopment is elaborated at different
alternatives with the use of elements of game theor



6.

A graphic approach to the solution of the task giesf proposed considering different
criteria and alternatives that simplify the selectto a person who makes a decision. The
methodology is approved by the example of LatvigsElevelopment strategy selection.

PRACTICAL VALUE OF THE WORK

The algorithms and methodology proposed in the warkbe applied by:
dispatchers for the operative dispatcher manageaidt®S regimes;
producers of electric energy for daily planningetdctric stations regimes;
power engineering specialists who work in the dewelent of electric supply schemes,
their design and with the questions of EPS gemagapower development variants
analysis;
power energy dealers for the development of optinaale strategy.

APPROBATION OF THE WORK
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STRUCTURE OF THE WORK

The thesis is written in Latvian, includes introtdon, 5 chapters, conclusions, list of
references, 3 appendixes, 50 figures, 26 tablds phafes in total. List of references consists
of 99 items.

1. IMPORTANCE OF THE PROBLEM OF MULTICRITERIA
OPTIMIZATION

This chapter suggests the analysis of principlesideas of power systems regimes multi-
criteria optimization. Ob the basis of the analysie aim functions are formed and
restrictions of the optimization tasks are proposed

In electric power as in any other fields of spezation often is obliged to meet tasks of
optimization. Typical EPS optimization tasks are:

* operating tasks- EPS stationary regimes management;

» designing tasks EPS development planning for different time pesi

One of the main EPS optimal management tasks uhdanormal conditions is the most
profitable distribution of the consumers’ electt@ad among the systems' generators. In
addition to it is necessary to provide the higleetiveness of the system power, operation and
financial recourses usage, safe and uninterruptatheer supply, enforcement of not power
engineering requirements put forward by economy.

The task is too complex, that is determined by higlumes of power engineering and its
intensive development, difference of technical,nernic and regime characteristics (electric
stations of different types, electric transmissiores) of the separate elements of power
systems. The opportunity of the effective practax@ution of this problem existed only with
the development of modern data bases. However, @veéer these conditions the successful
solution of it is possible only with its decompasit, i.e. dividing the general task unto easier
mutually connected series of subtasks.

The task of optimization is the simplest to be sdlwhile investigating one criterion. In
most of the cases within the disposal of the researthere is not enough satisfactory multi-
criteria methods of optimization, therefore he difigs the analogous tasks transforming
those into single-criterion tasks. This is realizedhe following way. From all those goals
the one is extracted that could be considered asr@dmt. All the rest goals are replaced with
some minimum necessary requirements (restrictiot®, implementations of which are
considered as compulsory.

Apart from optimization task’s criteria number, onfination variables could be allocated
in three groups:

» determined variables- stated parameters, which values are exactly kn@w are

considered as exactly known), while defining mataecal model,

» stochastic variables- occasional parameters with established distobutaws and

their character;

* indeterminate variablewith known potential values’ range. Indeterminasegmeters

could be set only with intervals and ranges.

As there are different types of information andesal/conflicting goals, it is naturally that
differentalternatives of the solutioaxist [14]. Term "alternative" has a series of@yms;
the following terms are applied depending on theti@dar features of the task: variant, plan,
trajectory of the system movement etc. One andd#nee variant (alternative) is evaluated in
different way under different conditions. It is seethat one and the same alternative has

9



different outcome according to the system existeogtvard conditions. Certainly, that
among the alternative it is preferable to seleetlist in a particular sense or in other words
to find the most optimal solution of the task. Téedternatives for different situations are
called in different ways —ational (efficient) effective as optimal as possibleptimal
according to Paretolts general feature is that it is better in samean than the others but it
is impossible to extract from those some much béttehe same mean with conventional
mathematical methods.

Fundamentals of multi-criteria optimization

Normally it is impossible to provide fully the imghentation of different goals. It is
always necessary to sacrifice one full implemeatafor the implementation of another task,
i.e. accept a compromise. The reason of it isenctinflicting of the goals. Typical example is
two goals — economy and safety. As a rule, the avgment of safety takes place at economy
weakening cost vice versa.

Thus, the searching for the compromise solutionthe key task of multicriteria
optimization [11, 16]. In addition, different goalmder different conditions have different
values. Therefore, the compromise solution shoalthdsed on the priority of one goal above
the others. The following research methods andtbaVe been applied in the study:

* ThePareto optimal alternative set. Pareto optimal solution set means that any &f thi
solutions' set can not be replaced with anothdeb@&t some criterion in order not to worse
the solution in some other criterion. Thereforehesalution from the Pareto set is better that
the others in some criteria, but worse - in oth&ega. As the criteria are not comparable
then among these solutions there is no that bibidéthe others in any case. The solutions not
included into Pareto set are worse at least incoiterion. That is the reason why Pareto set is
called effective and distance searching with atitngcof some additional procedures or
conditions implemented with Pareto sets only [13].

The essence of Pareto principle can be explaingdtive help of simple task when there
are two incomparable criterimandy, and the optimization means the maximization dhbo
criteria (the key essence of the problem is theesatrthe minimization process). In Fig. 1.1
all the allowed set of solutions is formed with geztion limited withx andy axis in positive
quadrant and curvabcd,including also the points of this curve. It is ofaws that transfer to
point M to any of the curve points limited with poirfiandd means the improvement of the
solution even in one criteria without worseningthat the other. All the intermediate points
on the curveb-d are simultaneously better in both criteria tham élxisting points within the
section. But transfer from poibtto d and opposite is not possible without worseningroé
of the criteria. All the solutions correspondingtiwihe points on the curve-d, belong to
Pareto optimal solutions set. In addition each tsmtucorresponding to any other acceptable
section point always can be provided with no léss1tone solution from Pareto set, that is
better at least in one criterion and not worsetireoone. For the cases of few criteria the key
principle is maintained (for the space of multi-éimsion criteria).

y
max

Fig. 1.1. Selection of optimal ple
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* Method of scalarization. If there is some multi-dimensions aim (or criggrvector
space where for different aims (or criteria) diffletr and non-concurrent with each other
vectors are set (the modules of the vectors aieeteivithin one and the same measurement
system) then the modules can be compared in vdlusgparate cases it can be accepted that
these vectors are close in directions and diffenodules only (vectors with larger modules
correspond to the most important aims). In this viagre is a possibility to measure
effectiveness in an algebraic way and define thmeric advantage of one aim. In this case
scalarization is possible - the replacement ofarsavith scalar functions. If all the aimsan
be described with criteria function, then the scalarization means @llreplacing with one

common functiong :

n n
§=3 b’ - extr; Yh=t =t
i=1 i=1 ¢i max(min)
whereb; — weight coefficients that show every criterionfusgess;
¢~ criteria written in the undimenssion way.

As a result of scalarization the optimization beesnsingle criterion at some synthetic
aim. Well known example of scalarization is reptaeat of consumer electric supply safety
(precisely, non-failure process) criterion with thelp of criterion of economic losses from
the electric supply troubles.

Nevertheless, very often for the simplificationaaficulations the scalarization is adapted
to the conditions when the numerical values of Wefgctor are selected on the way of the
expert that contains much more voluntarism tharidpeeally based expert evaluation.

» Method of preference. This method is applied under the conditions afestainty and
based on the marked set of probabilistically-optirpan according to each criterion
existence. The scheme of calculation is the folhgwiLet us accept the values of all criteria
minimum permissibleg; =y, ,ys, ..., Yn, €xcluding oney; — the most important. With the help
of the selected most important criterignthe single-criterion optimization can be realized
(y, =miny; ) and set of probabilistically-optimal plais is formed according to the given

criterion.

All the criteria replaced with restrictions are [to a series according to the satisfaction
preferencey; = vy, ¥3,..., Yo vValues, whergy, — the first important criterion (according 1a)
etc. At setR; the optimization is realized according yocriterion. It results in obtaining a
subsetR, R, that is probabilistically-optimal not only accandi to criterionys;, but also
according to the criterioy.

This procedure should be repeated for all the oéghe criteria, resulting in gradual
decreasing of the set of probabilistically-optimplans according to the scheme
Ny =R OR,0...0R, OR.

As an example Fig. 1.2 demonstrates set of prababdlly-optimal plansS and
correspondent subset of probabilistically-optimahg:R; — for criteriony;; R, — for criterion
y1 andyz; Rs — for criteriayy, ¥z, y3; M, = R, — for criteriayy, yz, Y, Ya.

11



Fig. 1.2. Sets oiprobabilisticall-optimal plan according to th

* Random search methods. The Monte Carlo method is one of the simplest ramdo
search methods that are used in conditioned omiioiz tasks. The essence of the method is
to get quantity of given random points’ in the adsilble area, to establish and to calculate
values of function in them, but then to define gent with efficiency function’s extreme
value.

In general the Monte Carlo method is complex of hods that allows reducing
calculation of the task to multiple probations. Bl such probations bring to calculations
with incidental numbers.

The Monte Carlo method is used to research stachtastgs and to calculate determined
tasks. In electric power the first type of tasksused for optimization of power system
regimes, schemes and parameters, to researchdinctisafety of systems and elements, to
forecast systems’ development, to create the optin@agement algorithm and other. For
such tasks’ solution corresponding stochastic nsodek developed, that use statistical
probations according to definite logical schemes.défine determined tasks with statistical
probation method, the stochastic model of solusioould be prepared.

There are also other different random search meth@uhe of them casually selects
movement direction on the every step (Fig. 1.3).
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In practice such algorithm is used [19]:

Step 1. The first pointx® = x* in the variable factor space is defined.
Step 2. The probationo and the working step valuesd > p) are assigned for the random

vector &.
Step 3. Coordinatesé,, ..., &, of the vectoré are calculated, that is probation vectops
length, using the evenness allocation low ormtaémension sphere.
Step 4. Perform two probation experiments in poinds and (x* + & ), wherek — the number
of step; it means that from the beginning iis= x, but after thisx* + £ =x*+¢& .

References in those points are compared and fumistimrmed:

W@ = sign f(x* + & — f(x)}; [ = sigr{ fo¢ + & - f(<)})..

If ¢ >0, then move to step(ﬁ% 6) is performed (also searching experiment numbeulgho
be defined). Ify < Qthen conversion to the step 5 is performed.

Step 5. Working step is realized (with the leng#) in the direction of the efficiency
function’s value decrease:

1 = yk _wil (Xkﬂzxk _ng
Y P

Step 6. The pointx“* (x )is accepted as the new starting point and mowtefos(3+ 6) is
performed, if criterion on the step 7 is not reatizIf f(x*)= f(x*+¢&), then movement
direction determination is made according to ranchmmber again, for example:

 in the directionx® + ¢ if even number fall out;

* in the directionx® - & if odd number fall out.
Step 7. As the minimum area entry criteria consider fregaBve situation
f(x*+&) > f(X*) repeat (for example, repeat 100 times).

k+1

The choice of the solution under the conditionsiméertainty and multicriteria is usually
made by a decision making person (DMP) in compkanith expert board point of view. It is
formed with the help of a particular expert evalmtand the method of evaluation
achievement from the experts of the final board.

Optimization of Power system regimes multipurpose structure

The tasks of EPS optimization are contiguous witlvisg of a lot of contradictory
problems. The uncertainty of the output informationthe making of almost every task
decision defines an uncertainty zone of optimaltsoh. Involving of additional criteria gives
an opportunity not to take into account the probt#mptimal solution uncertainty selection.
A simultaneous registering of several criteria s @ptimal tool for reduction of optimal
solution uncertainty zone.

The management of power systems regimes consistsheoffollowing functions:
prognosis of the conditions, defining of the pug®snd criteria, development, making of
the decision and its realization, evaluation of tbsults. The condition of the power system
is characterized with a particular structure of tiperating generators, networks topologies,
condition of commutation equipment, state of refagtection and protective automation,
regulations of regimes and maintaining, consumeudgp@nd voltages within the units of the
network, currents in the branches. If the outpurdtiion in the power system is marked with
vector

S =(s8.5.8"),
where S, S, S5, S5 — are the vectors of output condition that corresjemtly determine
the stability, quality, economy and ecology of tHevelopment, then realization of
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technical solution,j [0m, in the optimization of the regime structure résuh transition of
the power system to a ngucondition S, :(Sf,S}‘,Sje,ka). In addition, the following
restrictions should be implementedS’ Oy®, S‘O¢", S O¢°, SOy, where

we, kW, W™ — are the sets of vector condition permissiblei@s determining stability,
quality, economy and ecology regulations of the powystem regime correspondently
[18].

The structuring of the purpose gives the posgybttit form a partial criteria vector the
numerical values of which determine the presetlle¥g@urpose achievement. In addition a
part of the criteriak, [k is maximized as far as possible, but the othet paflk is
minimized. It results in the task of optimizatioh power systems regimes multicriteria
structure: from the given final variants set of threalized technical solutions
A=(ab,...,],...m) select the variant that could be optimal in sevemaleria. The
mathematical model of the selection of the techhiution optimal variant looks
like the following

optk(A) ={maxk,(A), mink,(A)},
W(Y,D) =0,
XM < X < XM (1.1)
Ymin <Y SYmax,
D=(S5B,X), X=(P,QU,k;), k Ok, =k,
where W(Y, D) — vector-function of the power unbalance in the nekwsegments)Y —

vector of the dependent variabl&: vector of the output dat&— the complex load
vector in the segments of the netwdsk:- matrix of the network self-conductivity and
mutual conductivityX — matrix of independent regimes parametBrs) — active and
reactive power of generatotd;— voltage in the network segmenkg: transformation
factors of the transformers.

The task of optimization of power systems regimedtioriteria structure can be solved:

- in the case of certainty, if in the model (1.1) tleetor of output dat® is presented with

the determined information vectDy;
- in the case of uncertainty, if the vector of outdataD is presented with indeterminate

information vectoDy, whereD" < D,, < D™;

- in the casual regulations, if the vector of outplata D is presented with casual
information vectoDg.

2. THE CHOICE OF POWER SYSTEM OPTIMAL DEVELOPMENT
STRATEGY

In the given chapter, basing on official sourcedd asbocuments, the problems and
development trends of electric power in Latvia amnsidered. The design task solving
technique is presented basing on the example otllogce of power system development
strategy applying the criteria of game theory.

Theissues of power supply and development trendsin Latvia

The power system of Latvia operates in the so-@¢ale0/330 kV electrical ring including
interconnected power systems of Lithuania, EstoRiassia and Belorussia (Fig. 2.1). The
output capability of power plants in Latvia is anmtly insufficient to satisfy the demand. The
needed energy is supplied by the power plants ajhbeuring states. The analysis of
available information on the development prospectf the adjoining states’ power systems
showed that if the existing power plants are nobmnstructed and new power plants are not
constructed, after year 2015 the Baltic Statesfadle the shortage of electric power [25, 26].
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This can limit the volumes of import, increase teces and, in worst case, limit the
consumption of energy in Latvia.
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Fig. 2.1. High voltage power network scheme of &asEurope (220 — 750 kV)
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In order to compensate power shortage in Latvie, fdllowing practical solutions are
available:

» natural gas power plant built on the basis of tliebdock of the TEC-2 in Riga (the

applied technology — combined cycle gas turbineG&T);

» power plant using solid fuel (black coal, peat,nbass or fuel mixtures). The applied
technologies are pulverized combustion (PC), fhedi bed combustion (FBC) or
combined cycle technology with solid fuel gasifioat

» in the longer term atomic fuel application can basidered in Latvia [5].

According to the scientific calculations of powemgpany professionals from the Baltic
States, the full integration of the Baltic powestgyns in the European power system network
supposes the realization of at least three pro@giewer supply system interconnection (Fig.
2.1):

« the second stage of submarine caBlstlink 2” between Estonia and Finland (approx.

650 MW);

* submarine cablgNordBalt” between Lithuania and Sweden (till 2000 MW);

* land interconnectionPowerBridge” between the power systems of Lithuania and
Poland (electrical transfer power till 2000 MW).

In the view of power supply politics in EU, onlynigsighted and planned basic power
development (refurbishment and construction) polioyal market technical, economical and
regulative integration, as well as the improvemaintesource delivery factors, can help to
reduce the dependence of Latvia from the growingoirhof power supply. Without base
capacity neither internal nor external markets cperate, and the power supply safety of the
Baltic region cannot be provided.
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Theissue of power system development strategy choice

Earlier almost all power system optimization taslese completed using single criterion —
the present value of costs. Variant with the srsalieesent value of costs was preferred as the
best opportunity. In turn, considering the projeotestment efficiency and choosing the
sources of financing the effects of such measuresld be taken into account. In practice, the
choice must be done basing on several criteria.

If the nature of optimization task supposes sirgleerion, the output information will
appear uncertain. For example, load power chamgpserspective, losses due to power supply
interruptions and the loss of quality, fuel costhe long view, damage to the environment as
a result of plant refurbishment, etc.

The optimization measures of power supply takethatstage of project and exploitation
include the choice of power system developmenta@asy minimization of power losses,
safety measures, choice of substation location,Téte multicriteria tasks are solved showing
power systems as a part of complicated system mvithi-function aims and uncertainty of
information [23].

The optimization task solution by multicriteria nedsl in conditions of uncertain
information is possible if applying game theory.

Power supply development scenario comparison in Kurzemeregion, Latvia
The power supply system design assignment is cereiddusing the specific example of
power system development in Kurzeme region, Laj2ja The following power system
development strategies are analyzed (Fig. 2.2):
@, — the construction of 330 kV overhead line (OL)nt&pils — Grobina and upgrade of
Ventspils port facilities (coal power plant constian in Ventspils);
@, — the construction of 330 kV OL Liepaja — Grobarad upgrade of Liepaja port facilities
(coal power plant construction in Liepaja);
@, — the construction of direct current cable lin&)Glybro (Sweden) — Ventspils.
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Fig. 2.2. Power supply development alternativesurzeme region, Latvia

The basic goals of power system development ar@rasion of high-quality and safe
power supply at lowest costs, as well as the mimmmpact on the environment. So,
choosing the optimal development strategy, thevalg criteria have been put forward:

C, —discounted annual costs;

A; —undelivered amount of electricity in the yeae do emergency failures;
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C.« — discounted annual costs for the condemnatidanof and natural resources recovery.

Decision making supposes the choice of the sitnatidh the most beneficial outcome
from the variety of variants under the uncertaiofyindefiniteness. These tasks can be
described using matrix games in which the play@racts with the environment.

In given case the game with environment is coneilere. a matrix game in which the
player (power supply company) interacts with theiemment, that is not interested in his
loss considering the uncertainty of environmentates

There is a range of criteria used to choose thienapstrategy under the circumstances of
indefiniteness [19, 22]. In given case the follogvoriteria are applied:

« Wald criterion is oriented on the worst development prospectivéhe plan and

guarantees profit at minimal risks:

a’j =maxmina , (2.1)
[ J
where a; — result of situation, when player chooses stsate@t statej of the

environment;
e Hurwitz criterion allows choosing a strategy that is somewhere tvwp@ssimism
and optimism:
a'j =may/ mina, + (L~ A)maxa, ], (2.2)

where A — loyalty coefficient that is chosen in the int&ri0, 1];
» Savage criterion. The essence of criterion is the choice of sucatesy that would
not allow major losses which it might lead to:

= min mar (2.3)

wherer; =maxa; —a; - elements of the risks’ matrix;

» Laplace criterion. The given criterion is basing on the principle insufficient
substantiation. As the probabilities of naturatestare unknown, it can be assumed
that they remain authentic:

1 n
ai,-D = miaxﬁ_z;‘ 3 (2.4)
]:

wheren — considered factors number while comparing dgraknt strategies.
According to the results of calculation, the chos#ween the following solutions must
be done:
> realize the alternativep, according to Wald criterion;

> realize the alternativgp, according to Hurwitz criterion, as loyalty coeféot A is

closer to zero (the strategy of “strong optimism@rid the alternative,, as A is closer
to one (pessimistic strategy);

> realize the alternativep, according to Savage criterion;

> realize the alternativep, according to Laplace criterion.

The choice of decision-making criterion appears afiethe most complicated and
responsible stages in operation investigation. lhege there are no general advices.
Nevertheless, if no risks are acceptable, Wal@goih is applied. And otherwise, if some sort
of risk is acceptable, Savage criterion is used.[29

The stability of the choice of development variaah be assessed basing on the analysis
of some criteria. The variant with the maximum nambf matches is chosen. In such a

manner the result of calculations by differentesta recommendg, more often, so, basing

on the existing data, the power supply company tbabuild a 330 kV OL Ventspils —
Grobina and improve Ventspils port which is thetpar solid fuel power plant project in
Ventspils, in order to enhance power supply in kome at minimal risks.
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3. THE CLASSICAL MODEL OF POWER SYSTEM OPERATION
OPTIMIZATION

In the given chapter the EPS operation task andsiptes solutions are presented,
considering the fuel consumption by power plantsitage losses and harm to the
environment minimization. Besides this, the metbbduel consumption assessment is
presented, allowing reducing the harm to the emument in the region of power plant.

Power system operation management task requireslution that will provide the
minimal costs of power production, transportatiom aistribution. This means that the task
supposes minimization of power resource c@@@). In turn, the minimal consumption can
be provided by means of optimal use of limited loydisources.

At normal EPS operation management there is a si#gdar a cost-efficient distribution

of load between the sources, i.e. active poR'emust be defined in order to provide minimal

power source costs.

Consuming more water energy than water sodktallows is impossible, but lesser
consumption appears profitless. Ineffectively coned water means that the system will
produce the needed power by means of combustingaayxXuel. The fuel consumptioB; of
power plani depends on its active power and the power deBioth of them depend on time.
Consequently, total fuel costs are representedihgtion of time [1, 3J:

C(P) = ic ] B, (t)dt, (3.1)

wherec; —fuel price for statiom; Nt — amount of thermal power plants.
The full use of water resource in periddis:

i[]wqj(t)dt—WjJ:O, (3.2)

whereNy — HPP amountWV, — water accumulation of plantin T period; W, (t ) — water

consumption depending on active power of generatodsdevices.

In such a manner the task of power system operagptimization is completed by means
of defining minimal costsC(P) according to (3.1) upon conditions of (3.2). Theegi
conditions link variables and mean that the optimwatues in given period can’'t be defined
only on the basis of system information.

In case there are no hydroelectric power planthénsystem, i.e. there is no condition
(3.2), the solution of optimization task becomesreeasier, as operation Thperiods will
appear optimal in case the costs remain optimal:

AC'(P) i :min(i B E;J, (3.3)

i=1
whereB; — conventional fuel consumption at power in timanmentP" .

Thereat, the optimum operation is searched in tha &rmed by operation limitations.
The most common operation limitations are:
I:)imin < I:)qi < I:)imax; Qimin Squ SQimaX; Uimin SUi SUimax; I:)Lmin < I:)L < I:)Lmax'

Evaluation of fuel consumption by means of air pollution

In case of poor weather conditions the harm brotgtite environment may appear huge. If
the powerful thermal power plant is situated iregion with high population density, sanitary
service can ask to reduce the power of plant ierai@ minimize the level of pollution. This is
the reason why fuel consumption by power plantulshbe assessed, in order to reduce the
harm brought to the environment in the region ofi@oplant [18].
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Fig. 3.1 shows a certain power system consistirtggofparts -A andB. The subsysterB is
situated in an area of high population density ehéere is a need to reduce the volumes of
hazardous emission. This can be achieved by distrdopower between power system devices,
considering pollution of air. The fuel overconsuioptshould be evaluated.

b &

Psl

Fig. 3.1. The model of energy system with two ssb=aysA andB

The best power distribution is achieved using dpmranulti-purpose optimization condition
[15]:

iB‘ (¢, +Zl_1:Yi - min, (3.4)

whereB; — conventional fuel consumption in subsysieirc.f./st ¢ — conventional fuel price
c.m.u./tY; — the harm of emissior,m.u./t hazardous substances
Assuming that fuel prices for power plants are &dha condition (3.4) is matched by

i B [€ =min, (3.5)

where¢ = (cI +Ac,) — the fuel price on power plantadjusted considering damae .

At the permanency of operating devices’ structheedondition (3.5) can be rewritten in the
form of the incremental fuel cost rate of powenpaequality:

& [€ =idem idn, (3.6)
where & — incremental fuel cost rate (the rate of fuelstonption change changing power),

c.f.t/MWh

The condition (3.6), for the case whep>c;, is represented by Fig. 3.2. Horizontal line
O-0O meets this condition and shows the optimum subsy$bad<P, andPyg.

In order to reduce the consumption of fuel, theentents of growth must be adjusted, i.e.
unload the subsysteBifor AP rate and to increase the load of subsystefor the same rate (it
is assumed that the power limitations of power tglaauppose such opportunity). The given
operation mode will be named reference sample 8E23lineO; —O;).

The unload of subsysterB provides fuel economy, which is illustrated by the
painted area of Fig. 3.2, consisting of rectangid &riangleAb. Similarly, the loading
of subsystemA increases fuel consumption, which is representethb painted area of
Fig. 3.2, consisting of the same rectangle anagtiAa. All this shows that the auxiliary
fuel consumptionAB will be needed in order to reduce hazardous ewomssi The
amount of consumed fueAB is represented by the sum of two curved triangles:
AB =Aa+ Ab, or shapecdefarea.

It is not complicated to prove that:

nB =052 fil-c f gk, (3.7)

where £, — increment fuel rate at non-optimum loading ofsteyn B; ¢ :NL;

ctgE :M — represents the bend of equivalent representetimes; ctga and
ctga +ctg 8

ctgB — the incline of power statioh andB differential representative curves.
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The received equity (3.7) represents the follovaogclusions:
« Fuel consumption appears at anydifferent from 1 (this matches the case when the
limitations do not affect the power distributiontlween the electric power plants);
* Fuel consumption is proportionate to the incremeata square of subsystédnand grows
as the average system load grows, because wherlodite increases, incremental
consumption rate and steepness of equivalent episds/e curve increase.
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Fig. 3.2. The definition of fuel consumption coresicig ecological outcomes.

Figures identify representative curves of increnratds:
1 — subsystem; 2 — subsysterB (real);3 — subsysterB, adjusted considering price and hazard

Thetask of EPS optimization and solution instances

The classical EPS operation optimization and ththatkof fuel consumption assessment
are shown in the scheme of test power system dongi®f three equivalent thermal
circulations (Fig. 3.3) [7, 8, 24]. The nominal tage is 330 kV. Reactive power flows are not

considered in optimization process.
%

2
1 " [r, =120 3
@ I R.,=9Q Ry, =8Q I @
| ]
P, =975 MW

Fig. 3.3. Test power system scheme
The optimization of EPS operation was completedneyns of three efficiency functions:

Y cB - min, i0ON; (3.8)

> B +APHrB +4") - min, iON; (3.9
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Zci B +ch My, +AP{7 (B + B") - min, i0ON, (3.10)

under the limitations on generation:

I:)min < R < I:)max’ (311)
considering the active power balance of EPS:
>R +AP->P, =0, iON, (3.12)

where AP — total active power losses in the netwdvR)V; 7 — amount of hours of maximal
losseshlyear, S' — electricity price including power loss&MWh S" — the power

unit price at system maximun€/MW, M., — hazardous emissionsof hazardous
emissions/year c, — specific harm from ashes, sulphur oxide andogén oxide
emissions€/t hazardous emissiond?, — active power generated in the nad¥Ww,

P, —active load power in the nodeMW; N — number of nodes in the network.

It can be concluded from the calculations that tb&al costs increased by 24.5%,
considering air pollution, fuel consumption and goWosses in network (expression (3.10))
in comparison with the results of function (3.8helgiven result proves the concern that the
more precise the mathematical model of the tagkésmore real the outcome.

Fuel overconsumption in the EPS, decreasing emissions into atmosphere on the
selected power plant

Fuel consumption is assessed considering envirotainbkazards, assuming that electric
power station Nr.1 (Fig. 3.3) is situated in a osgwith high population density, where
negative impacts should be reduced.

As pollution depends on various factors, the usangfsound values appears uneasy. It is
much more important to figure out the trend of pzeter change and the margins of
additional fuel costs. In order to assess the cbaraf change, coefficientr,, was used in

calculations. The given coefficiemt,, is used to reflect the growth of pollution thatneases
a,, times when the weather conditions worsen (still law clouds, increased background
pollution, smog, etc.) Parameter, is affected by population density, the presence of

industry, agriculture and weather conditions neavgr plant [7, 8, 24].

The results of calculations are illustrated by gsap Fig. 3.4. The minimums of curves
are realized in several points and divide consummptiurve into ascending and descending
lines. These points coincide with EPS referencepgamperation modeAB =0). Then, as
the coefficienta,,of environmental conditions grows that is equaltie specific costs of
hazard increase, the power plant Nr.1 notable wdmgatake place in reference to the
optimum state. This leads to the overload of popéants Nr.2 and Nr.3 and the escalation of
fuel consumption, which exceeds the economy efiagbower plant Nr.1. Consequently, the
increase of consumptioAB within the reduction of hazards in the area of poplant Nr.1
takes place. The fuel consumption grows with unless the limitations (3.11) of power
plants Nr.2 and Nr.3 are achieved. It is represkhtegraph horizontal character of curves in
Fig. 3.4.
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3.4. Additional fuel consumption in EPS desiag the negative ecological effect in the
area of power plant Nr.1, depending on the locaddmn coefficienta,, varying:
a— fuel ash parametéf’; b — fuel sulphur paramet&f

Fig. 3.5a shows the reduction of pollution from hazardous ssions of plant Nr.1

depending on the coefficient of local conditiomg at various fuel parameters.

Fig. 3.5b illustrates the comparison of emission change waithadditional consumption:
percentage reduction of emissions by 1% of fuelsoamption increase; this is shown by

relation AY/AB depending on local factors (variable parameter).
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3.5. Decrease of harm from hazardous emissiotie area of power plant Nr(a) and
its comparison with additional fuel consumptiorthie systemk), depending on local
conditions coefficientr,, at various fuel parameters
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4. EPSOPTIMIZATION TASK IN MARKET CONDITIONS

In the given chapter the method of EPS operatioiinopation in market conditions is
presented. It was also approbated on the basigjoivalent interconnected power system of
the Baltic States, Russia and Belorussia.

Market relations evolved in economics a long tinge.a\evertheless, in electrical power
industry they appeared much more later than inrdirenches even in developed nations.

In case of centralized management the main empliwgisit on the safety of power
supply, which is provided by means of subjectingE®®S elements to one control centre.
Thereat, safety, the main functional factor of ERJrovided at the expense of economical
efficiency [21]. Vertical integrated managementtegs has the following disadvantages:

— the efficient energy emission minimal cost critariess used in operation mode
optimization;

— the monopolistic state in the branch does not ptentbe technical (technological)
development and does not motivate subjects to imghe cost effective but sometimes
quite expensive technologies.

The mentioned factors defined the necessity of mpwd the new competition-driven
management system [12]. Together with modern ecaradroonditions in energy industry
and the escalation of power wholesale, the ta#erier, optimization methods and approaches
changed. Conversion to the formation of electrigv@otariff formation led to the fact that
functional criteria of nodes in the united powerrked are different and sometimes even
contradictory. Earlier, when electrical power waasnaged centrally, the optimal criterion was
the minimization of costs related to fuel consumptiequired to produce power. Now, under
market conditions, the optimization task is suldid into a range of tasks. These are defined
by criteria related to electrical energy maximumesaor minimum costs related to the
production, transformation, transportation and sion of electrical power. The criterion of
minimal price is also important.

The analysis of operation efficiency under the conditions of power market using Pareto
principle and Nash equilibrium

The peculiarities of EPS operation under the cirstamces of market and competition are
considered in the model of EPS with a free eleatpower price.

The total costs for EPS nodes look as follows [9]:

n n 1 n 1 n
Cs, (Xi i Y GGy ):Ci (Xi)_zaij Ci Y +Zajicji Yi +§Zaij T, Gy Y +§Zaji T Ci Yo (4.1)
= = i1 i1

whereC; — costs related to EPS function generation in spge generation of power in node
i; y5 — power flow from node to j; c;j — the price of power that corresponds to the
power flowyj; &; — elements of junction matrixz; — coefficients of power losses in

line between nodgsandi.

The first element of the expression (4.1) confotmg electrical energy node production
costs. The second element represents profit froenstild electrical energy, but the third
element is related to the costs of energy purchiasse.assumed that energy loss costs are
divided uniformly between the sellers and the bsyén connection to this, there are fourth
and fifth element in the expression (4.1).

Accordingly, the considered multi-purpose optimiaattask is formulated as follows:

Cs, b, Yijr Yin Gy le) - min,
.......................... (4.2)

CZn (Xn' ynj! yjn!an ) Cjn) - min,

23



x =R+ &y - a;(-m)y;, i=Ln (4.3)
j=1 j=1

V¥, =0 i,i=1n, (4.4)
C(X)y; <¢ w<cuwwu j=1n, (4.5)
Osx <X, i=1n, (4.6)
O<y; <y, | =1n, 4.7

whereP; —load in the nod& X, — maximal power of plant y;, — maximal transferred power

between nodeisand,.

The aim of the whole system is to provide the defipower consumption, but the goal of
every node is to minimize the costs of electriaergy production, which will further allow
gaining maximal profit from selling energy in evempde. Both of these aims can lead to
different levels of energy production in every nodle/o approaches are used to consider the
optimal state of the whole system and single nods. first approach conforms to Pareto
optimal solution, but the second — to the Nashldayium point [28].

On the assumption of (4. 1) Pareto task can beutated:

ZC (X)+22a" ij |] yij d min, (48)

i=1 j=1
considering limitations (4.3) — (4.7).

The minimization of the expression (4.8) can bela&red as follows: Pareto optimal
solution minimizes total production costs (thetfetement in the expression (4.8)) and costs
related to power losses (the second element i{4tBg).

In turn, Nash task is focused on function minirri'mat

ZC (%) - Zzau Giyy + Zzau 4G Yy ~ min, (4.9)

i=1 j=1 i=1 j=1
considering limitations (4.3) - (4.7).

The peculiarity of the expression (4.9) is that fin&t element (production costs) and the
third element (total loss costs) are minimized, thé second element (profit from sold
electrical energy), due to negative sign, is mazedi

The considered mathematical programming tasks (@) (4.9) are not concave, SO
various local optimums can exist. In order to defihe global optimum, the method of global
optimization is applied [4, 30].

The abovementioned EPS operation mode modellingaasdmption method approbation
was realized basing on the real interconnected E&S8ulation model (Fig. 4.1), that
conforms to the real model of Latvian (nd®)e Russian (nodé), Estonian and Finnish (node
2), Lithuanian (node}), Belorussian (nodé) and Kaliningrad region (Russia; noflg EPS
[20]. Within the framework of the work power systemwf every country were considered as
separate nodes, except for Estonia and Finland t@tiee interconnection ,Estlink”), where
systems were united as one equivalent node. Posvargtion and consumption by countries,
the power line resistance parameters are basedtoal @ata gained from the database of JSC
.Latvenergo”.
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Fig. 4.1. The calculation model of the interconeddBaltic, Russian and Belorussian power
systems

As expenditure functiorC, (x, ®f the real EPS is confidential information andificial

way is unavailable, than in the considered inteneated power system model (Fig. 4.1)
arbitrary expenditure functions’ values were acedpin the form of the second power
polynomials.

Both approaches for solving Pareto task (4.8) arabhNtask (4.9) with arbitrary
expenditure functions were realized in ,GAMS” (tBe&neral Algebraic Modelling System)
[10, 17, 31].

1. The optimal provision of claimed fuel consumptioy EPS, in accordance with Pareto
task (4.8), considering limitations (4.3) — (4.i8)shown in Fig. 4.2). Power flow prices and
marginal prices in nodes are shown in Fig.¢).2
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Fig. 4.2. Solution of Pareto task) — optimal provision of claimed fuel consumption;
b) — equilibrium price obtaining;) — marginal prices in nodes and power flow prices

2. The results of Nash task (4.9) modelling in ,G8M considering limitations (4.3) —
(4.7), are shown in Fig. 4.3.
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Fig. 4.3. Nash task solutioa) — the optimal distribution of active power in st
b) — equilibrium price obtaining;) — marginal prices in nodes and power flow prices

Basing on the received results, it can be statedl e optimal task by Pareto (goal
function (4.8)) leads to an unprofitable marketestar power suppliers in power system (Fig.
4.2 c)). This is indicated by flow prices that are lowéhan the market price:

c; =0.762< C" =0.993 (Fig. 4.2b)). In connection to a fact that nodesells power at the

price comparable to the price of its own node,diven seller does not gain any profit. Such
result is explained by the fact that the goal fiorct(4.8) task does not have the element
describing profit maximization from selling powdihe obtained market state is unfavourable
for nodes in short supply 3 and5 — which are forced to compensate deficient powex a
higher price compared to their claimed prices. Tfisonnected with system deficiency and
the absence of other power sources in system fomtantioned nodes. Nevertheless, the
described situation is favourable for notjevhich has the opportunity to buy cheaper power
compared to the own produced. Pareto optimal mastae leads to a situation when it is
impossible to improve the state of any market memb#hout reducing the well-being of at
least one other member.

In turn, the records of power market member progiximization in model (4.9) led to the

state of market corresponding to the results ofketar, =C" =0.887 (Fig. 4.3b)). In the

obtained power system operation mode nbdepply power at the price equal to the claimed
price of node® and4 (Fig. 4.3c)). This price is maximum possible, which is accbfgdor
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nodes2 and4 to buy deficient power amount. In the same tirhéere are no other sources,
nodes3 and 5 are forced to buy deficient power volumes at thghést price. Nash
equilibrium leads to the state of market when thmange of own power strategy is
unfavourable to any market member.

Proceeding from the results of calculations, pnaftord in mathematical model (4.9) led
to the reduction of total costs of nodgst and5, but increased the expenditures of members
1, 2and6, in comparison with mode (4.8). In addition, tafgbtem costs increased.

5. THE APPLICATION OF THE PARETO PRINCIPLE WHEN
CHOOSING THE OPTIMAL DEVELOPMENT VARIANT OF EPS

In the given chapter the method allowing graphigaheration of optimal Pareto solution
range is considered, solving the EPS developmenjegiion task in accordance with the
specific set of criteria and strategies.

As it has already been mentioned, when criteria rmuenerically and qualitatively
incomparable, Pareto principle is used. Althougierahtives that satisfy Pareto principle
should theoretically be treated as equally optinthkre are opportunities of practical
comparison and further disallowance. This approgmbears useful, because the amount of
alternatives sometimes is quite big and the onbiaghmust be made. This kind of alternative
analysis is named as interference into the sebwipcomises [27].

The example presents the comparison of two possialeants of power system
development in the Baltic States (Fig. 5.1) [6]:

@, — construction of the DC high-voltage submarine Klhipeda (Lithuania) — Nybro
(Sweden) “NordBalt” (400 km) with transferred pow&0 MW;

@, — construction of DC CL Sindi (Estonia) — Dunddbatvia) (180 km) and 330 kV OL
Grobina — Ventspils — Dundaga — Tume — Riga (31). km
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Fig. 5.1. Power system development alternativéberBaltic States
considered in the example
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In order to provide a qualitative and safe poweppby at lower costs, as well as to
minimize the impact on the environment, chosenrrdtitves must satisfy Pareto principle
with respect of the following four criteria:

C. — annual capital expenses;

C. — annual operating costs;
C.. — costs related to the environment pollution;
C, — national economic losses due to line’'s emergenitgge.

Scalar criterion expression is
F=pCy + p,Ce + PCey + P,Cr, (5.1)
where
pl+p2+p3+p4:1 (52)
is in force for weight coefficients;.

The problem lays in a fact that weight coefficieptsre unknown. Moreover, according
to the Pareto principle, one opportunity can betfasble at one weight coefficients, but the
other may match other weight coefficient values.

Using the graphical interpretation of the Paretdinogl solution, DMP can see the
opportunity of compromise between the given crteile chooses three most significant
criteria or those criteria with the most variabldues or those closest to the critical ones and
applies limitations to the rest of criteria. Paretaltitude construction task is solved and then
DMP chooses the best variant. After that DMP cheoaeother criteria of high enough
values, others transfers to the category of linaitet and using those limitations constructs the
Pareto set again applying three other criteriaeiAfieveral cycles of such procedure, DMP
gains enough information about the opportunitiesahpromise between the criteria, and is
able to choose the appropriate variant. The destribethod represents generalization in
three-dimensional space.

The solutions of the given example using two corablar opportunities can be explained
graphically. Fig. 5.2 shows zoning results when ¥a&ie of the weight coefficierp, is
p, = 025. Different p, values are represented by planes parallel to @rarkégureaofebc

volume limited by planeF, =F, and coordinate axis, conforms ¢ alternative efficiency
condition F, <F, , but figurecbghfevolume is corresponded by, alternative condition
F¢2 < F¢1 ’

Comparing volumes of figuresofebcandcbghfe the best alternative can be stated. As
Vongie >V, in case whenp, = 025 (Fig. 5.2) ¢, alternative is chosen as the best one —

aofebc?
construction of CL Sindi — Dundaga and OL Grobindentspils — Dundaga — Tume — Riga,
because shapetbghfevolume exceeds the volume of the shapfebc

Chart in Fig. 5.3 shows volumes of shapgs,,. (where F, <F, is in force) andV, ..
(F,, <F, ) at various values of weight coefficignt from p, =0 to p, = 075. As it can be
seen from Fig. 5.3, both alternatives reach theesamaning £, =F, ) in case when weight

coefficient of national economic lossgg = 063. In the given point volumes of both shapes
are equalV,ye,. =Vege: AS the significance of national economic losstecion grows

ofebc — Vvl

(p, > 063), the best alternative ig, — the construction of CL Klaipeda — Nybro, because
shapeaofebcvolume is grater than the volume of the shelpghfe(V, . > Vepgnte) -

29



Fig. 5.2. Zoning of solutions in the area of ciagrp, = 025)

0,12

0,1

0,08
\ Vcbghfe
0,06

0,04

0,02

0 0,1 0,2 0,3 0,4 0,5 0,6 0.63 0,7 Pa

Fig. 5.3. Volumes of shapesfebc(F, <F, ) andcbghfe(F, <F, ) at different weight
coefficient p, variations

The presented procedure obtained through the ssistled multicriteria task solution
methods — Pareto and preference methods — hasotlwsvihg advantages: apart from
constructing the Pareto set and visualization nekthiallows operation with more than three
criteria, while four- and more dimensional Pare& sreation construction is impossible.
Apart from the method of preferences, the preseptededure reduces the number of stages
and allows assessing the possibility of comproniseveen various criteria on every stage;
thereat, the final outcome will appear Pareto-ogliby three criteria, which are considered as
the most significant. The \peculiarities of such moet can be used for the solution of any
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multi-purpose optimization task where the numbecrderia exceeds three in cases when it is
impossible to complete a quantitative comparisooridéria relative significance.

6. CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE WORK

1.

The development of power systems and tasks of evaanice have multicriteria character.
The power system should be economic; the consustensid be provided with safe and
qualitative power supply. Also it should have minim negative effect on the

environment. In addition many other local regulasi@nd conditions should be taken into
account.

. One of the basic tasks in the field of power engimg is the optimization of EPS

operation regime. Together with this maintainingktéhe task of designing is also of high
importance. Multicriteria approach to its solutigives the possibility to demonstrate its
mathematical model with several criteria functiamsl restrictions (depending on the type
of the tasks for solving) including restrictions ©fstem, regime, finances, resources and
other restrictions influencing the given task siolit

The multicriteria option gives opportunity to apapch the task of EPS regimes’
optimization in a complex way, obtaining the betelutions correspondent to the reality.
The optimization criterion within the centralizedntrol period of electric power
engineering is minimization of cost price of fuelbnsumed for the electric energy
production, and amount of the produced electricgne

Decentralization of power engineering managemenisead statement of the changes
optimization tasks and the necessity to considew raptimization criteria. The
liberalization of power engineering field made fireblem of profit from electric energy
sale maximization, transmission and distributione Tinal purpose of the market relations
development is decreasing of electric energy @oceonsumers.

In the paper there are analysed the criteria saamf for the decision making person
within the task of EPS regimes optimal planning degielopment. Based on the criteria
analysis a formalized purpose functions descript®proposed for its further possible
application in the solution of multi-purpose optaation tasks.

The problems of Latvian power supply strategy arfiSEdevelopment projects are
analysed on the basis of official sources and de&cuation. It is stressed that the solution
of the existing problems in the area of electrisvposupply will accelerate the process of
Latvian power system integration into the other powystems of the European Union,
providing the access to the market of electricargyn. The realization of the planned
measures for the increasing of generated powet §taton, APP, wind power parks) as
well as the participation of Latvia in the realipat of mutually united system with those
of neighbours will give the possibility to increasepower safety.

The methodology of project tasks solutions under dbnditions of uncertainty with the
use of game theory is suggested. It is demonstriatetie work that the selection of
decision making criterion is the most complex ancti@l point within the investigation of
operation and often it depends on the interestseofiecision making person.

The author proposes the mathematical model ofdhd bptimal distribution among the
EPS electric stations taking into account the mination criteria of fuel consumption at
the stations, power losses in electric networks emdssion into environment. The fuel
consumption at the selected electric station iduawed for the decreasing of emissions
according to the factor of local conditions andiatons of fuel features.

10.The methodology of EPS optimal power distributionoag the entities of the electric

energy market under the conditions of market retesthips with the use of Pareto optimal
principle and Nash balance is demonstrated in thekwl'he calculation with the use of
the example of the tested scheme (equivalent ofiamt Lithuanian, Estonian (with
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Finland), Russian and Belorussian integrated E®8Jade for the analysis of the obtained
results and practical approbation of the develapethodology.

11.The task of methodology development if stated aotdesl giving the possibility to obtain
Pareto set of optimal solutions in graphic form thoe selection of optimal power system
development variant for particular criteria andastgy structure. The graphic approach to
the task solution is demonstrated on the exampl8alfic EPS development strategy
selection.

12. Using the visual graphic interpretation of Bereto optimal solution the decision making
person can easily observe the opportunity of comgge among the criteria under
consideration. The proposed methodology gives tlssipility to evaluate this
compromise possibility and obtain a solution fag thsks when the number of criteria is
more than three making in addition the limitatiorthanconsidering three-dimension set.
These features allow application of the proposedhaumlogy in the multicriteria
optimization tasks when the number of criteria menthan three.

13. The work demonstrates the examples of operatiugdesigning tasks calculations using
simplified EPS mathematical models. In future theestigation is planned to be added
with technically and economically more accuratehwatatical models.

14. The methodologies of EPS regimes optimizatmmsiered in the paper do not take into
account the distribution of reactive power in tlegwork. For homogenous networks this
distribution is realized independently. It is nesaay to investigate additionally possible
influence of reactive power onto the results of tbptimization in the case of
inhomogeneous networks (for example, in the EP$vabpnt model of Baltic, Russia and
Belorussia).

15. Determining optimal load distribution among #extors of EPS under the conditions of
electric power market with the example of BaltiajsRian and Belorussian power grid
calculation, the consumption functions are acceptdbe type of quadric polynomial that
does not correspond to the real situation asnbtgossible to obtain it in official form. If
the real task functions were obtained, the realegsrifor the electric energy in particular
sectors (states) would be possible to model.

16. The optimization of EPS regimes under the markaditions with the equivalent model
of Baltic, Russian and Belorussian unified EPSlieen realized with unknown consumer
prices in the sectors. If the prices were knowantthe formation of accurate demand and
supply regulations and determination of real badangrices would be possible. The result
of modelling could give opportunity to obtain rgadwer distribution in the unified EPS
that could guarantee the participant of the manktt maximum profit.
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