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The task statement and the description of the algorithm of optimal
planning of active powers of the electro power plants (PP) of the power
system (PS) in the period of repair campaign are discussed. In the sta-
ted task, the dynamics of different main PS equipment states in the
transfer from the given time interval to the other with the correspon-
ding variation of the functional aggregate structures is taken into ac-
count.

The task solution algorithm is composed imposing the corresponding
limitations on the allowable fuel usage at the particular power plants. In
the algorithm, a combination of the functional, time and spatial decom-
position is applied.
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1. INTRODUCTION

The development of effective methods to increase
the economy of the current regimes of PS acquires
actuality because of the developing power saving po-
licy. Special importance in it belongs to the opti-
mization calculations of the PS condition definition
in the period of the main equipment repair switch-
ing off.

The optimization is performed by a well-known
method of the branches and borders [1], where the
process of determining the optimum active capacity
value itself is defined on the every functional and
condition hierarchy level. Taking into account the
predictable values of the active and reactive loa-
dings of the consumption units as well as the spe-
cified meanings of the extreme admitted power over-
flows in the intersystem connections solves the pro-
blem. The formulated problem is solved on two hie-
rarchy levels: on the level of the PP and PS. For a
more effective solution of the optimization complex
problem, the method of spatial decomposition is ap-
plied, which allows decreasing the task dimension
and gives the acceptable answer under condition of
the insufficiently defined initial information.

The method gives the possibility to execute the
correction of the optimal PS condition when initia-
ting the limitations, also at fuel deficiency at sepa-
rate PP. In this case the procedure of transfer from
strict to mild restrictions is provided [2].
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The optimization criterion is total fuel consump-
tion at the PP including launching expenses. The
objective function minimizes in a closed area defi-
ned by a condition-technical system of the restric-
tions that correspond to different demands. Various
states of the aggregates of the PP and PS are cha-
racterized by a great number of corteges with logi-
cal variables (0.1 and 2) that define the scheduled
moments of switching on, off and deactivating the
equipment for repair. Conditions of possible trans-
fers of each PP are described in a form of a graph,
the vertex of which is the essence of the equipment
composition and the branches indicate the presence
of the transfers themselves.

2. FUNCTIONAL DECOMPOSITION OF THE
TASK AND RECONCILIATION OF THE
DECISIONS OF THE SUBTASKS OF THE
ADJACENT LEVELS OF THE FUNCTIONAL
HIERARCHY

In functional aspect in the given task two subtasks
are allocated:

— selection of an optimum structure of the units
involved at power stations (bottom level of hierar-
chy) and definition of the optimum daily diagrams
of active loadings of stations (top level).

Let 6@, 80, ..., 8 be the moments of time of
a planned day appropriate to single out a discrete
condition of the power system (PS), which are caus-
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ed accepting the sampling of the daily diagrams of
loadings in units of the basic network and given by
a dispatching service of the PS (DS PS) of the diag-
rams of change of the intersystem overflow of acti-
ve capacity, and also terms of the beginning and
completion of repair of the generating and basic
power network equipment caused accepted decisions
on the earlier permitted operative requests. Then
the task of a choice of optimal structures of the
generating equipment is expedient to formulate as
follows [3]:

]Zél B, i, ().P, @)+ D, (s, (t-2).i,t)] - min;
1)
S(O):{Sj (O)| j :]?1}, ®)

éle ) -P()-nl)=0t=1T: @
ijm(ij (t))S P, (t)S ijax(ij (t)), j =1,n,t=1T;
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Here, S(t):{sj (t)l i :ﬁ}, t=0,T are conditions
of the EPS, ie. a set of traits describing the condi-

tion of the units of stations by the t-th moment of
time;

j=14n,t=0T, ®)

Z}"’(t),k=],_nj, j :]71,'[=O,_T are the logic

variables whose meanings are determined as

[0, thek - thunit of the j - th station by thet - th moment
E of time  switched off in repair;
2k (t): £, thek - thunit of the j - th station by thet - th moment
) [ of time  switched off in reserve;

LD, thek - th unit of the j - th station by thet - th moment
of time  switched on;
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T(jk) (t) is the planned moment T(]-k) >0 of the
completion of repair at Z](k) (t)= 0, or the moment
of switching off in a reserve T(jk) <0® at ka) (t) =1,
or the moment of inclusion of T(jk) <8Y at

29()=2

i )0A={L2,...n}, j=Lnt=0T,m=5
=

xj‘

is number of structures of the units, included in the
work, at the j-th station by the t-th moment;

(Xj I ), i 2171 is the number of the columns of
transitions of structures of units at the j-th station
at which any unit VU X, X; A, corresponds to
one of the possible structures of units, and the
branch (V,1)OT | specifies the possibility of direct
transition at a fixed moment of time from structure
n to structure m; F(jv) Oor;,vOX;, j =1nis a

set of branches of the column (Xj.F ,-) from unit

Vi YoovOX,, uOX,, (v,r)OT;, j=Lnis a

logic variable whose meanings are defined as

[1, transition from compositionv to composition p
E from condition's; (t - 1)in moment t ispossible;

You (SJ (t - 1)~ t)

= %} transition from compositionv to composition p

E from condition's; (¢ - L)in moment t isimpossible, t=1,T;

P (), =1,n,t=1T is the capacity of the j-th sta-
tion on the t-th interval of time, i.e. interval
[9([_1),9([)]; P (t), P (), i=1n, t=1T isa

technical minimum of loading and the available ca-
pacity of the j-th station at the structure of units

i;(t); P(t) is the total active loading of the PS with

the account overflow on intersystem communications;
T(¢) denotes the loss of active capacity in the basic

PS network on the t-th interval; D; (S]- (t —1), i (t)),
j= 1,n, t=1T are the charge of fuel on transition
from condition s( — 1) to structure i, (t); B (I i t),

P, (t)), j=Ln, t=1T are the charge of fuel on

the t-th interval at structure i(f) and loading P(?)
of the j-th stations determined on the appropriate
account characterising B/(t; ,P) as
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H — t t-1 H .

Bj(lj(t):Pj(t))_(e -6 ) (J’Pj)’
r.,r,,0<r_<1,0<r, <1 are the given factors of
a reserve accordingly on a technical minimum and
the available capacity of EPS.

From definition (8) components s(f) and con-
dition S(¢) it follows that in the case when the
structures i(f — 1), i(r) satisfy restriction (3), the
condition S(¢) is unequivocally determined by con-

dition S(r — 1) and structure i;(t), ] =1n, S(t) =
= f(s{t-1),1(t)),

where

1©) ={i,(t).i, ()..1, (1)}

The structures #; (0) and set S(0) are known from
the solution of the appropriate task for previous
day. The columns of transitions (X, I}), account
characteristics B,(i, P), dependence of the charges
on start-up or stop of units Ds; (t —1) ®)), loglc
functions y,, (s, (r - 1), 1), function P (1) P (l)
can be determined in advance at the bottom level
of spatial hierarchy, i.e. by solving a number of op-
timization tasks for each station. The values P(t)
are defined by summation of the forecasts of active
loadings in units and given by DS PS overflow of
active capacity on intersystem connections. The va-
lues Ti(¢) at the initial solution of the tasks are de-
fined by forecasting the appropriate temporary num-
ber, and at the coordination of the solution of the
given task and the tasks of the bottom level of func-
tional hierarchy turn out as a result of the decision
by last. The factors r , r are the given constants.

The condition s(f), structures i(r) and capacity

P (t),t =1T are defined by solving the task (1)-
(7) by the method of branches and borders (see
Application).

The subtasks of the bottom level of functional
hierarchy are formulated as follows:

% % By (Pit) — min; C)

=1j=1

-

5 P! va—”( D)Ot-lT (10)

14
- PLE =2 (Clgp,kv ¥ +C;Jq,kqu) ZCPQ 6.Q) =

v=l

—zCPkaPj‘st‘,k:L_m,t:ﬁ; (11)

T -
28 (Pjt)‘ B =0,j0l; (12)
Pjtmln = Pt = P]tmax ’ J =ﬁ ,t =ﬁ . (13)

Here PJ-t v =1,n,t=1T are the required opti-

mum active capacities of stations, Q} yj=4n,t =

= 1,T are known (from the solution of tasks of the
top level of temporary hierarchy) jet capacities of

stations, p!,q. ,v =1/,t=1T are the forecasts of

active and jet loadings in consumer units of the
basic network (or given overflow on intersystem com-

munications); P',p',t=1T are a vector of active
capacities of stations and consumer units, respecti-
vely; (P!, p!), t=1T is a loss of active capacity

in the basic PS network; | D{l,2,
stations for which the daily charges of fuel are

,n} is a set of

- +

BZ,jDI Pk P , k= :Lm t—:LT is a given

extreme admitted overflow of active capacity on the
k-th weak communication in negative and positive

directions are given; Cppkv ,Cqu\, =170, Cppk] ,

Cka] V)= ﬁ ,k:J.,Tn,t=ﬁ are factors of di-

stribution,

By (Pjt) B; ('J() Pj ) Pimin = ijm(i_i(t))1

P mac =P (€)1 =20, t=1T.

The algorithm of the solution of task (9)-(13)
turns out if to accept

x; =P}, £, (X)) =-B;(P}),x' =P";

h‘(x)-ZpV -n (Pt p) Jmm=P-t

I ' min’

:—Pt l.IJt

_pt _pt.
xX =p; W o Wma =P

K max

0y (xﬁ)qu. (P;),olj =B} ,t=1T,j=Ln,k=1m.

Subtasks (1)-(7) and (9)—(13) mutually parame-
terize the allowable set of solutions of a subtask of
an adjacent level. The subtask (1)—(7) carries out
this parameterization by inserting to subtask (9)-
(13) the sets of optimum structures of the units,

47



Ali Farhan Muhsen, Oleg Igorevich Alexandrov

included in work, I_(t)={i-1(t), i-2(t),...,i-n(t)}, t=1T,
and subtask (9)—(13) does it by setting to subtask
(1)-(7) the value of losses

at)=rt (P, pt).t=1T.

The general procedure of the coordination of
the solutions of subtasks of adjacent levels of a func-
tional hierarchy is considered in [3].

3. PROVISIONAL DECOMPOSITION OF A
TASK AND COORDINATION OF THE
SOLUTIONS OF TASKS OF ADJACENT
LEVELS OF TEMPORARY HIERARCHY

Lowering for the sake of simplicity restriction (12)
on given daily charges of fuel at power stations and
restriction (11) on overflow active capacity on weak
communications of the basic PS network, will copy
the task of short-term planning of active capacities
as

iﬁBtj(Pjt)* min,

=1j=1

-

S P-3 Py -nt (P pt)=0,1=1T,
=1 =1

t
Pj min
The formulated task breaks up into independently
soluble subtasks of the bottom level of temporary

hierarchy:

<P <P t=1T,j=1n.

jZ:lBti (Pjt) - min, (14)
n 4

LR LY 15
Pl <P'<Pf _,j=1n. (16)

A similar situation takes place also at the ac-
count of the lowered restrictions (11), (12) if un-
certain Lagrange multipliers are used properly.

The problem of the coordination of the solu-
tions of the adjacent levels of temporary hierarchy
is to make the ut most use of the information sa-
ved while solving tasks (14)-(16) at the stage of
short-term planning, in the cycle of operative mana-
gement, when the same tasks should be solved chan-
ging some components of the initial information:

— change of loads in consumer units p{ ,v =1/,

in comparison with their predicted values (or over-
flow on intersystem communications in comparison
with the given one);
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— change of the account characteristics By (Pjt ),

] =1,n, of power stations (and accordingly of re-

strictions (15) owing to emergency switching-off of
units);

— change of losses T¢(P, p') because of the emer-
gency switching-off of elements of the basic power
network equipment;

— occurrence of the fuel deficiency at separate
power stations because of changes of their modes
in comparison with those planned or because of a
delayed delivery of fuel.

The basis for construction of algorithms to en-
sure the effective coordination of the decisions at
adjacent temporary levels is:

— fast recalculation of the tables [3] by the met-
hod of dynamic programming at partial change of
criterion functions and restrictions in tasks (14)—(16);

— distribution of the method of dynamic pro-
gramming on a case inseparable of functions in re-
strictions — equality such as (15).

4. SPATIAL DECOMPOSITION OF A TASK
AND COORDINATION OF THE SOLUTIONS
OF SUBTASKS OF ADJACENT LEVELS OF
SPATIAL HIERARCHY

The spatial decomposition of the tasks of acceptan-
ce of the decisions on the management of EPS mo-
des can pursue the following goals:

1. To reduce the quantity of the information ac-
ting on the top level of management, reducing the
loading of channels of connection and network ser-
ver.

2. To lower the dimension optimization of tasks
solved at the top level, thus raising the computing
efficiency of the optimization algorithms.

3. To ensure guaranteed satisfactory decisions at
the top level in conditions of inadvertent or cons-
cious distortion of information from the bottom le-
vels.

In the optimization of active capacities of power
stations in the PS, an example of a subtask in which
spatial decomposition is made for the first two of
the mentioned purposes, is the task of optimum
short-term planning of structures of the generating
equipment. The initial information for the approp-
riate mathematical model includes a number of com-
ponents, which should be determined at the bottom
level, i.e. by solving a number of optimization tasks
on power station in the PS: the account characteris-

tics B, (i]- , P, ) j=1n, for various structures of the

units involved at the j-th station; the fuel charge
characteristics on transition from various condition
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s(t — 1), including the operational condition of each
unit of the station at the moment ¢ -1, to structures
i(r) of the units involved at the moment t. The

columns (X iy ) j =1n of at-once possible transi-

tions from one structure to another on the j-th sta-
tion and logic functions y, (st - 1), ) determining
the conditions of realization of possible(probable)
transition from structure v 00 X, at the moment ¢ —
1 to structure W U X, at the moment ¢ depending
on the condition at the moment ¢ — 1. Figure gives
an illustrative example of a column of at-once pos-
sible transitions for the j-th station (in brackets are
shown the numbers of units forming structures ap-
propriate to the tops of the column) are specified.
The functions y,, (s(t — 1), ) appropriate to the
loops of the column are constants:

Y =V = Vi = Vg = Vss = Ve = ¥ = L

Examples of the areas of the validity of logic
functions appropriate to start up or stop one unit
are given below:

J

<0 D%“‘) O -1)>0 ﬁz)%*

(z2@-1=1)0 10 - 1)<
=

—(K) 4k (k)
where 0; .0; .0;
k-th transition of the unit after switching off in a
cold reserve, duration of its translation from the
cold to hot reserve, minimally allowable duration
of loading.

For example, the spatial decomposition of the
task of optimization of active capacities of power
station in the PS allows to receive the satisfactory
solution at a doubtful initial information. It occurs
in case of unforeseen deficiency of fuel at separate
stations.

Analysis of deviations of the actual PS modes
from the planned daily mode and delayed delivery
of fuel to separate power stations revealed that at
these stations deficiency of fuel took place. Then,
on correcting the mode on the nearest interval of
the bottom temporary level in dispatcher service
(DS), PS should be received by an expert way or

is the respective duration of

from the decisions of the appropriate tasks of the
bottom level of spatial hierarchy of an estimation
of the allowable charges of fuel at scarce stations
during the specified interval. The task of the top
level in such conditions is expedient to formulate as
a task of multi-purpose optimization:

%Bi(Pj)_’ min,
j=1

B, (Pj)_> min, j =1k,

9, -5 b, x(F)-o.

j=1

Pimin <P < Pjma, J =10,

B, (Pj )S Bjma, ] =k+1n,
where B; (Pj ), j=1n are the account characteris-
tics of the power stations; P = (Pj ) i =1n, p=

:(pv),v =1/ are the respective vectors of active

capacities of the stations and loadings in units of

the basic network of the power system; Pj min ?

S
(&)

Figure. Example of a column of at-once possible transi-
tions for the j-th station (the numbers in brackets show
the units that form structures corresponding to the tops
of the column)
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P, ,i=1n are the respective technical minima

j max
of loading and the available capacities of the power

stations; B; ., J=k+Ln are the allowable char-

ges of fuel at stations not scarce on fuel; n(ﬁ) is a

loss of active capacity in the basic network (jet ca-
pacities in the generating and consuming units of
the basic network as well as the factors of transfor-
mation in parts of this network are assumed as
given).

The algorithm of the decision of this task is gi-
ven in [3]. If the result of solving the task shows
that the loading of the power system cannot be co-
vered at the actual fuel resources at these stations,
it is necessary to impose rigid restrictions on the
allowable charges of fuel at scarce stations and to
ensure the possibility of an output of the actual
charges of fuel at not-scarce stations for the earlier
given limits. For this purpose it is necessary to pro-
ceed from rigid restrictions under the allowable char-
ges of fuel at not-scarce stations to blurred restric-
tions. Then at an appropriate choice of the func-
tions of an accessory of blurred sets it is possible
with a guarantee to receive the acceptable solution
of a task.

5. CONCLUSIONS

Presumptive methods of the decomposition of the
task of the optimal day scheduling of the aggregate
structure on the PS carry out transition from the
formulated task of optimization to individual, inde-
pendently soluble subtasks, allowing to reduce the
total operating time of the whole algorithm.

Combination of methods of functional, tempora-
ry and spatial decomposition allows to create a sys-
tem of off-schedule artificial restrictions and thus
to construct the floppy computing circuit in view of
a various degree of reliability of information blocks.

The method of dynamic programming allows to
receive the solution of a formulated task of optimi-
zation irrespectively of the characteristics of PS
equipment.
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THE APPLICATION

Calculation of an integrated bottom rating and vector of
dot bottom ratings for the initial task of optimization

With the purpose of calculation of the bottom rating for
task (1)—(7), the following subtask is considered:

3 3B, (i,(0).P, () - min;

22 (a.1)
i;MO0X,,j=Ln,t=1T, (a2)
SP(h)-PO-T(t)=0,t=1T (a3)
j=1

2P ) S @=r (PO + x(0)

=1,n,t=1T;

[—

(a.5)

Jﬁ:lpjma* (i, (1) = @+ r,)(P(t) + (1)

(a.6)

This subtask breaks up into independently soluble sub-
tasks:

iBj (i;(1),P;(t)) > min (a.7) at restrictions (a.2) —
&

(a.6) with fixed 7. Each of them can be solved by the
method of dynamic programming (MDP). For our purpo-
ses, it is enough to define the optimum values of

F.in(),t =1T of resanation functions (a.7).

Direct course of MDP. Functions are defined and their
values are memorized:

F(y,) =minB(i;,y),

i, OX,
where

minP™ (i) < y < max ™ (i,),

i, OX,, i 00X,
and also function, i,(y) where i_l(y) satisfies the con-
dition

B, (i,(), ) =F(y,1)
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and function
R(y)=y.

At t=2.n for the values of y from an interval

M

N T
min min H min
P, (ij)sys< Z_
1 iox j 1=l qox

P jmil‘l (l j ) (3‘8)

]

the following task of optimization of two variables, i, and
P, is solved:

B.(i:,R)+F(y-PR,1-1 - min, (a.9)
i OX;; (a10)
min 1 max -

max (P (IT),y-_zle @y =P <

J:
in(pMaX (i T ming oo -

smin(R7 () y _zlpj Aiyj); (@11)

J:

prmi“(ir)+:§iji”(i_j(yj))S(l—r_)y; (a.12)

-1 _
Prmax(ir)+ZlF’jmaX(i,-(y,-))Z(l+r+)y; (a.13)
J:

where
Yi =VYju~ F_)j+1(yj+1) ) J =1lt1-2;,
Yia=Y~ PT . (a.14)

As a result of the solution of a family of tasks (a.9)—

(a.13), (a.8), the functions are defined: F(y,T),i1(y),

ﬁr (y), where i(y), ﬁr (y) are components of the solu-
tion of task (a.9)—(a.13), F(y, T) is the respective value of

criterion function (a.9).

One can see that the given description results of the
unitary executed direct course are valid for all subtasks
(a.14), (a.2)—(a.6). Besides, at everyone Tt :271 there is

no necessity to remember the value of function F(y, j)

for all j=1,7—1; it is enough to keep only F(y, T - 1).

Return course of MDP. For the given subtask (a.7),
(a.2)—(a.6) at fixed ¢ the value is defined:

Frin () = F(P(t) + n(t),n).

For subtask (i.1)—(i.6), which we shall designate as R,
the following information is memorized:

1) Vector of dot bottom ratings

F, = (F(1), F2)...F (D),

where

Fo(t) = Frn (1) , 1 =1T.

2) Integrated bottom rating

T
fo =t§1F0(t).

3) The moment T, appropriate to the last finally known
state for the given subtask

T, = 0.

0

4) A sequence of finally known statuses for the given
subtask consisting of a sole state

SYT,) = S(O).
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ELEKTROS ENERGETINES SISTEMOS
OPTIMALAUS REZIMO PLANAVIMAS IVERTINANT
REMONTO ATJUNGIMUS

Santrauka

Straipsnyje pateikta uzdavinio formuluoté ir elektrinés
aktyviyjuy galiy darbo algoritmas elektros energetinéje siste-
moje (EES) remonto kampanijos metu. Sprendziant uzdavi-
nj jvertinama EES pagrindiniy jrenginiy darbo dinamika pe-
reinant nuo vieno laiko intervalo i kita, keiciant dirbancius
agregatus. Uzdavinio sprendimo algoritmas aprépia leisting
kuro suvartojima atskirose elektrinése. Algoritme pa-
naudotas funkcinis, laiko ir erdvés dekompozicijos derinys.

Raktazodziai: planavimas, optimalus rezimas, elektrines,
remontas, skaiciavimo algoritmas

Amu ®apran Myxcen, Ouer UropeBuu Ajexcanapos

IIJIAHUPOBAHUE OIITUMAJIBHOT'O
PEXUMA DJEKTPOSHEPTETUYECKOM
CUCTEMBI C YUYETOM PEMOHTHBIX
OTKJIIOYEHUN

Peswowme

B cratbe mpuBOASTCA NMOCTAHOBKA 3aauyd U ONHUCAHUE
aJropuTMa ONTUMAJBHOIO IJIAHUPOBAHUS AKTUBHBIX
MomHocTed anekTpoctaHiuidl (DC) 3MeKTPOIHEPTETH-
yeckoii cucreMbl (39C) B nepruoa NMpOBEACHUSI PEMOHT-
HOW KammaHuu. B chopMymupoBaHHOU 3ajaye YUUTHI-
BaeTcsl JUHAMUKA DPa3IUYHBIX COCTOSIHUM OCHOBHOTO
o6opynoBanus I3C mpu mepexone OT OJHOTO BPEMeH-
HOTO WHTEpBaja K APYIOMY C COOTBETCTBYIOIUM H3-
MEHEHHEM COCTaBa PabOTAIOMMX arperaTos. AITOpPUTM
pelIeHns 3a4aul COCTaBJIeH C YUYETOM COOTBETCTBYIOIINX
OTpaHMYCHUHN Ha JOMYCTHMBIE PACXOJbl TOILIUBA HA OT-
JIEIBHBIX JJIEKTPOCTAHIUSAX. B anroputMe NprMeHEHO
coueTaHrne (QYHKIMOHAIBHON, BPEMEHHOW M MPOCTPaH-
CTBEHHOM [1€KOMITO3ULIUU.

KiiroueBble ciioBa: IUIaHUpPOBAaHUE, ONTHUMAJIbHbIE
PEXHMMBI, aJrOPUTM pacuera, PEMOHTHI, IIEKTPO-
CTAaHLUU
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