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ABSTRACT

A lossy electric power system including nornmal and limited
encrgy supply thermal units and hydraulic units is considered
in this paper. The total thermal cost during total operation
period is minimized under possible electric, hydraulic and fucl
constraints. The minimization of the total thermal cost is
achieved by specifyiing all units’ active and reactive
generations by means of a genctic algorithm. The application
of the genetic algorithm to the problem is explained in detail.
A visual simwlation program in Delphi  programming
language is also prepared and the simulation results arc
presented

1. INTRODUCTON
The operaton period for a short term  hydrotherinal
coordination problem can range from onc day to a weck.
During Lhe operation period, system load valucs and the units
which will supply those loads are asswmed to be known. The
total operation period is divided into subintervals where the
systemn load values remain conslant

Determinaton of reactive generations in optimal manner
in a power system deercases system active transimission 10ss
Because of this, active gencration of the unit connected to the
systemm swing bus decrcases. Thercfore, a further decrease in
the total system thennal cost is achieved. The reactive power
gencration oplimization is also performed (o ke systeim bus
voltage magnitudes stay within their limits

In the literature, the short tern fossiess hydrothermal
coordination problcin was solved by using various solution
methods  Some  of those methods utilize  dynamic
programming  {1-2]. linear programming and network flow
algorithm [3-6]. nonlincar programming {7-8]. functional
analysis [9-10) and neurd network algonthim {11 The
lossless hvdrothennal coordination problem was aso solved
by using a genelic algorithm [12f Serial and parallel
hyvdrulic  coupling  among  hadraulic  units and  the
relationship between hydrautic units™ input-output cunves and
their resenoirs’ net head are considered in the solution The
effect of some genelic algorithim paramelers on the solution
algorithim performance was also discussed

The main differences between tie genetic algorithim and
the other classical solution mcthods can be summarized as
follows, The genetic algorithm works on coded parameter
set, instead of the real problem paramcters. It scarches
solution point in different parts of the solution space
siniultancousty. instead of searching the solution i one point
It docs not need  the derivative and other  auxilian
information values instead. it only noeds Liness vatue of the
solutions. In tansition from one solution point to the another.
it docs not need any predefined tansition nue instead, it uses
generd probabilistic transition nules. Because of having those
proparties, the genetic algorithim can find global optimum
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point in highly constrained difficult nonlinear optimization
problems. The most important disadvantage of the genetic
algorithm is that it generally needs more solution time and
computer memory compared to the other classical solution
methods [13].

We assumed that the limited energy supply thermal
units in the system are fueled under take-or-pay fuel
contract. Under this type of fucl contract, minimum value
of the total fucl amount to be spent by the limited cnergy
supply thermal units during the operation period is
determined in advance. The utility company agrecs to use
this minimum amount, or failing to usc this amount it
agrees (o pay the cost of the minimum fuel amount. While
the limited energy supply units’ total fuel consumption is
below the minimun, the system excluding the himited
encrgy supply thermal units should be scheduled to
minimize (he total thermal cost subject to the total fuel
constunption for the operation period for the limited cniergy
supply thermal units is equal to the minimum amount {14].

2. PROBLEM FORMULATION

Formulation of the optimization problem is divided into
o parts as aclive and reactive power oplimization
problem In the active power optimiization, active
generations of all units (except the onc connected to the
swing bus) in all subinienals arce determined by mcans of
the genetic algonithm. The reactive gencrations of all units
(except the onc connected to the swing bus) in all
subintervals are taken oqual to predefined values and they
are not changed during the active power optimization. In
the reactive power oplimization, active generations of all
wnits (except the one connecled to the swing bus) in all
subinten als arc taken equal to the optimal values that were
found in the active power oplimization. Only reactive
gencrations in all subintervals arc detenmined by means of
the genetic algorithin - Consequently. at the end of the
reactive gencration oplimization. all reactive and active
generatons in all subintenals  giving  minimum  total
thermal cost and also satsfying all clectric. hydraulic and
fuel constraints within their predefined tolerance values are
obtained.

2.1 Active Power Optimization

Active power optimization problem considered in this
paper can be given as follows

Minimize

Jon ,
Fror = Z(Z/“..(/;z,u.,)“' Z’Eh(/7(}rl{,’)){} (Ry (1)
it

neN hoN oy

subject Lo clectric. hydrulic and fucl constraints

i = . .
R represents ficlitious monetary unit
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Since inflow water rate into the ™ lydraulic unit’s
rescrvoir in the / * qubinterval, T (acre-fz/h)2 , is known, (7)
gives rise to the following equation.
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In the above equations,
Fror = total thermat cost . (%),

e = Subintenval index and number of subintervals.

Prss.nj Pt mg Por = the n™ normal thenmal. the m'

hydraulic and the £ limited energy supply thermal wnit’s
active generations in subintenval j , (A1),

Fo(Paiy ) < Fil Py ) = cost rate of  (he #" normal

thermal and the 4% limited cnergy supply  thenual unit in

h subinterval when their aclive output  powers arc

the ;
Pesany - Por 4 respectively. (7).

1, =length of subinterval j. (71).

Proad.; » Ploss,, = 101l system active load and loss in the ;™
subinterval respectively, (A1,

PA, pa = lower and upper aclive generation limits of the
#™ normal therma! unit. A /1),

[

PA L PO, = lower and upper active gencration linut of

the ™ hydrautic unit, (A/11).
PEET, | PEE = lower and upper aclive generation limit of the

k™ limited energy supply thernd unit, (/1.
Gl Posr i) = waler ratc of the m™ hvdraulic unit when its

active output power is Py ,, - (acre-fih),

mn e

g G lower and upper water rale limits for the

™ hydraulic unit, (acre-fi h),

h

¥,y = stored water vohune in the " hydraulic unit’s

h

resenoir at the end of the j™ subinterval, facre-fi).

Y1 acre-ft = 12335

ymin pemat = Jower and upper reservoir storage limits of

the m™ hydraulic unit, (acre-l),
qror.m = total water amount that should be used by the

m'™ hvdraulic unit during the operation period, (acrefl),

ryy; = inflow water rate into the m™ hydraulic unit’s

reservoir in the ;% subintenval. (acre-fih),
pat jeend = gianing and ending stored water volume of

the m™ Dhydraulic unit. (acre-f3),
Ay (Pgr ;) = fuel conswnption rate of the & limited

encrgy supply thermal unit in the ;™ subinterval, (tonh,
nih, ccfh, elc.)j.

Ayor = total fucl amount that should be used by all
limited cnergy supply thennal units during the operation
period, (ton, ne, ccf, etc),

N, Nz, Ny = scts which contains all normal thermal,
limited energy supply thermal and hydraulic units in a
given power system respoctively

2.1.1. Coding and Mapping Mechanism

A solution to the active power optimization is formed by
concatcnating alf solutions (substrings) which belong to
cach subinterval A solution to a subinterval is also formed
by concatenating all binary coded aclive gencration values
(except the one which belongs to the unit connected to the
swing bus) in that subintcrval. Binary coding and linear
mapping for active generation of normal thennal unit 7 is
done according to

0 — Pmm

e l_>])m{u

Gs.n

(10)

where ¢, represents the number of binary digits used in
the coding ¢
Similarly. binarv coding and linear mapping

is chosen according to the desired

n

resolution

for the m™ hydrawic and the & limited energy supply
thermal units” active generations arc done according to the
following equations

3 mac

YN
0 - I(;.'/.m > 1— IG/I.m

(11

0 P 1> P (12)
All active genemuons determined by the genetic algorithm
remain within their respective Himits due to the used lincar
mapping mechanism. Therefore  inequality  constraints

given in (3)-(5) are satisfiod automatically

2.1.2 Fitness Function
Fitness valuc of a solution in the active power optimization
is calculated according to

fE oL P
’ = Comav ~

Srce, (13)

=
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TCRJ = ZF;I(PGLnj)+
k

Y Porig) -
neN, Ny
2 PFin (13) represents sum of the various penalty
functions and it is calculated according to
Y PFY = PFp + PFy + Py +PF, 14
PFp_ in (14) represents sum of penalty functions for the

active generation of the unit connected to the swing bus. It is
calculated according to the following equation

max

R Gs.sw

prn

Gs.sw

Fos swj » in (15) denote for the active

generation of the unit connected to the swing bus, the lower
and upper active generaion  limits of this  unit
respectively. Kp in (15) is a constant cocflicient. 7, in
(14) represents swum of the penalty functions which belong o
reservoir storage constraints of the hvdraulic units. Tt is
calautated according to
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where K}- in (16) represents a constant coclTicient for the

penalty function of the n® hydraulic unit’s siored water

amount PFI et 1 (14) denotes for sum of all penaly

functions which belong 1o water amounts Ielt in the hydro

units’ reservoirs at the end of the last subintenval. It is

calculated as

Plpod = 3 Keal o
meNy M

where K, e TEPICSCILS @ CONSLLN cocflicicnt of the penalty

_l-end

n

) (17

function which belongs to the ™ hydrautic unit PFy o, in

(14) represents the penalty function which belongs to the fucl
amount which is consumed by the all limited energy suppls
thermal units dwring the operation period. It is calculated as

2

S
=Kl 2 XA (Pay i)ty = Aror
jelkeN,

PF, (8)

Iror
where K, s the cocfTicient of this penalty function.

In the solution procedure, ¢, valuc in (13) is taken oqual 1o
the highest value of Zj";;' TCR, t; + 3 PF P which is

calculated at the current iteration of the genetic algorithm
Since the genctic algorithm is formnulated according (o
maximization problem and the considered problem in this
paper is a minimization probleny the fitness value of cach
solution is calculated according to (13)

In the genetic algorithim, constraints which can not be

considered by means of the coding and mapping
mechanism is added into the solution procedure via penalty
functions. In order to get cfficient contributions of the
penalty functions to the fitness value, each penalty function
is multiplicd by a coeflicient. Thosc cocfTicients should be
scloctod according to their penalty funtions” relative weight
to the total thermal cost value

Stored water volume in the m™ hydraulic unit’s
reservoir at the end of the ;% subinterval is calculated
according to the following equation:
ij = Vnnj—l + [rmj - ‘lm(PGH.m} )]1)' (19)
If there arc some hydraulic units which are hydraulically

coupled (series or paratlel) with unit m in the upstream of
unit sz, equation (19) should be modificd accordingly.

2.1.3 General Structure of the Used Genetic Algorithm

The general structure of the used genetic algorithm is

shown in Figurc 1. At first, a random initial solution sct is

gencrated Active generations of cach subinterval in each

solution should satisfy the following inequality.

Kt Poad < (3 Log 2 Lot 2 Forig) < Pioga
neN, meN, keNy

nzsw
S =L Jar (20
K oy in(20) is a cocflicient satisfying 0 < K2, <1.The
value of this coclficient is sclected according to the active
generation upper limit of the unit connected to the swing
bus and total active load in each subinterval. Selection of
KF . in this manner makes the unit connected to the

swing bus muin asa generator and it also causes the
penalty function in (13 to take zero or small values. Afler
that a Newton-Raphson load flow calculation is performed
for cach subintenval of each solution. Since the active
generation of the unit connected to the swing bus in each
subintcrval of each solution is kniown at this point, fitness
value of cach solution is calculated Later, a new solution
sct is gencrated by using fundamental operations of the
genctic algorithm. A solution is taken from the new set and
its fitness value is compared with the worst (the lowest)
finess in the old set. I it is betier. this solution is written
over the worst solution in the old set. If it is not. this
solution is discarded. This comparison procedure is done
for all solutions in the new solution sct The procedure
explained so far is repeated as many times as the number of
lerauons

2.2 Reactive Power Optimization
The rcactive power oplimization considered in this paper
can be given mathemutically as follows:

Jman

Minimize 1557 = X FalPoun,)t, (R 03))
2=1

subject to

QIOU&I} +an\'\',/ - ZQG._\; =0, J=1 'jmax (22)
vEN,

lJIumI,J+ P/(m_, ‘”§ P:;uy = ?_\;” IJGH["J -—"?‘T\;r Pcr,k, =0,

J= L (23)
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Figure 1 Flow chart of the used genetic algonthm
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Al svstem buses execepi swing _ ) (20)
{bus and voltage controlled buses }’ J= L -
In the above cquations,
ror = total cost for the normmal thermal unit connected to

the swing bus. (R),
Foo(Pos ;)= costraic of the normal  thermal  unit

connected to the swing bus in the ;* subinterval when
its output active poweris I, s, (R,
Oioad.j » Otoxs,; = total system reactive load and loss in the
;™ subinterval respectively, (1A #),
0g'v, OF"y = lower and upper reactive generation limits of

4]

the »*" reactive power gencration source, A4VA ),

|U ) fi = voltage magnitude of bus i in the ;j* subinterval,

*1)
[, Ju,["* = lower and upper vollage magnitude
limits for bus i, (&7,
Ng =set containing all buses to which rcactive power
generation sources are connected

The coding and mapping mechanism in the reactive
power optimization resembles the one given in the active
power optinuzauor:
00........ 0— 08y, ... 1- 08%

@n

where ¢, represents dic number of binary digits used in
coding of Qg ;. £, is chosen according to the desired

resolution. Since reactive gencrations of the reactive power
sources connected (0 vollage conuolled buses are
determined in the load flow calculation. those reactive
generations arc nol delermined by the genetic algorithm

The flitness value of a solution in the reactive power
optimization is calawlated according to

Jinere
fQ = C,%,_, - Zwa(PGx;wj)f}' +ZPFQ
j=1

28)

where 3 PF2 denotes for sum of various penalty
functions and it is caleulated as

S PFC = Py, + PRy +PFy). 29
Py in (29) represents sum of penalty functions for the
reactive generation of the unit connected to the swing bus.
It is calculated as

=1 i

where K, is a conslant cocfTicient. Pﬁul in (29) is sum

of penalty functions for voltage magnitudes of the system
buscs. and it is calculated as

D S P X e
N il
Z KEU.E (|L'y| - IL": = ):
PE = ':Jf{Uuér-rl'.""",' Gh
1y, {emin Cimac . | All buses
0w Sluﬁlslb"l 'le{i;tsw ve }
j=l-“'jm:u
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Kl”l in (31) is the cocflicient of the penadty function for
voltage magnitude of bus i ve index in (31) is used to
designate voltage controlled buscs
Like in the active power optimization, ¢2,. value in
(28) cqual the of
j.":";' FoPas )1, +ZI’FQ which is calculated at the

is taken 1o highest  value

current iteration of the genetic algorithm

The structure of the genelic algorithim used in the
reactive power optimization looks like the one shown in
Figure 1. The only difference is that solutions generated by the
genetic algorithm should satisfy the following inequality

K.gudQIoadJ <( ZQGJ]) < QlaadJ- 7= 0 nar ()2)
reNy
yeswye

0

instead of the one given in (20). Similarly K5, in (32)isa

cocfficicnt satisfying 0 < K2, <1 and its value is selocted

according (o the reactive generation upper limit of the unit
connected to the swing bus and the tota! systent reactive load
in cach subinterval

3. SIMULATON PROGRAM AND EXAMPLE
A visual simulation program in Delpht was writlen to test the
proposed sofution adgorithm. A nser can enter necessary cta
about the considercd power system (bus number and type,
transmission line parameters, input-output cunves of the units,
bus toad values cte) and paramcters of the genetic algontlum
(number of solutions (population), nmumber of iterations,
crossover and mutation probability etc)) very casily, Data
about the considered system is snved in varous  files
Therefore, the user can resolve the optimization problem by
changing some genetic  algorithm  paruneters  without
reentering the power system data

The simulation program was tested on an example
pover system which has sixteen buses. two limited cnergy
supph natural gas hired thermal units. three normal thermal
units and four hvdraulic units. Hyvdraulic coupling among the
hydraulic units ae taken as shown in Figure 2. Twenty four
hours operation period hunving six equal subintervals was
considered

Figure 2. Hydraulic coupling among the hydraulic units i the
example power system

Arpr 15 taken as equal to 44300 cof We chose population
and number of iteration as 180 in the solutuon. At first, we
ignored Lhe natural gas constraint and applied the active and
reactive power optimization (o the problem At the end of
active power optimization. totad thenmad cost and used gas
quantity were obtuned as 184869 R and 37397 ccf
respectively . Later we  applied  the  rcactive  power
optimization and the total thermal cost decrcased to 184321
R We also resolved the same problem by considenng the gas
constraint. Al the end of the active power opliniizaton the

38

total thermal cost and used gas quantity were obtained as
177004 R and 44490 c¢ff The total thermal cost was
decreased 1o 176375 R at the end of reactive power
optmization. We saw that all bus voltage magnitudes
remain within their prespecified upper and Jower Limit
valucs at the end of reactive power optimizations. Relative
absolute error values for the water amounts left in the
hydraulic units’ reservoirs at the end of the operation period
arc below 032 % at the solution points in both solution
Also at the solution point. the stored water amounts at the
end of each subinterval in cach hydraulic unit’s reservoir
remain within their storage limits.

We saw from the obtained results that the genetic
algorithm gives approximate solution around the filticth
iteration in both active and reactive power optimization,
After the fificth iteration, only a small decrease in the total
thermal cost occurs

4. CONCLUSION

Application of the genctic algorithm to /ossy short term
hydrothermial - coordination  problem  including  limited
energy supply thermal units is given in this paper. A visual
simwlation program in Delphi was writicn and it was tested
on an cxample power system. Oblained results from the
solution is also summarized, Detailed results will be given
in the presentation
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