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Abstract

Many of optimization techniques that have been used to solve
the Optimal Power Flow (OPF) problem in power system, are
used a B-coefficient losses formula, to calculate the power
losses in power system, where the B-coefficient are kept
constants in the optimization process, in the derivation of
these coefficients, the ratio between the reactive and active
generation power are assumed to be constant, this assumption
is discussed in this paper, where the results shows that this
assumption is valid on a narrow region. Another assumption
has been proposed in this paper, where these coefficients are
derived based on assuming constant generation reactive
power, this assumption has better results than the previous one
for two power systems, one of them is IEEE-26 buses system.

INTRODUCTION

A reduction of the generation power's cost, is one of the main
concerns in power system, where the Optimal Power Flow
(OPF) is used in power system, to determine the generation
power from each plant in order to get lowest cost, subjected to
many constraints such as; achieving the demand power and
losses in the transmission lines, the generation power within
the generator limits and the voltage and reactive power within
stable limits.

Power losses is calculated in different ways during the
optimization process, it can be evaluated from the load flow
program[1], it can be written in term of the load currents[2], it
can be written in terms of buses voltage[3-4], or it can be
written in terms of the generation power [5-9], and they are
called in this case B-coefficient matrices.

Many of deterministic and heuristic optimization methods that
have been used to solve the OPF problem are using the B
coefficient losses formula to determine the losses on the
transmission lines[5-9], this formula can be evaluated from
the system configuration once, where the losses formula is
written in terms of the generation power, and during the
optimization process, you need only to substitute the value of
the generation power to calculate the power losses in power
system.

In the derivation of losses formula, the ratio between P and Q
in the generation plant is assumed to be constant , where this
assumption needs to be discussed more, for different reasons,
such as:

e In most of power systems, the electrical companies

forced the industrial load, to keep their power factors
almost constant and near to one, which means that
when these loads need extra power it will generate its
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extra reactive power by themselves in order to keep
their load factors close to one.

When the power generation is increased, the range of
reactive power delivered from the generator is
decreased, so if the generator give reactive power
near to its maximum value, then if the power
supplied from this generator is increased, the limits
of reactive power is decreased, which means that this
generator will give less reactive power than before.
There are several sources of the reactive power in
power system, such as shunt capacitors, so the
generation units are not the only sources of the
reactive power, which means that the generation
plants are not the only supplier of the increment of
the demand reactive power

So for the above reasons, this assumption will be discussed in
this paper, and a suggested modification of the losses formula
is proposed based on the results.

POWER LOSSES DERIVATION

B coefficient matrices of the power system can be derived as
follows[10]:

The injected complex power at each bus S ; equals to
S; =Vil; =F, - jO, (1)

The total losses in power System( P, + jO, ) equals to the
summation of the total complex power

PL+.]QL:ZSz:ZV:II*Z bz;vlljus (2)
i=1 i=1

Where Vbus =7 bus[ pus»> Substitute in equ.(2)

PL +jQL :(Zbus]bus)TIZus (3)

_gT *
- Ibus Zbuslbus

Where the impedance matrix Z, is symmetrical matrix, the

bus
power losses in the power system equals the real part of
equ.(3), and is given by

T *
P =1, R, I

K bus (4)

bus

R, is the real value of Z,
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Let define [ p as the total demand current, and it will be
equal to the summation of the individual load currents
I, =1, +1,,+1,;+..+1, , where nd is the number
of load buses. then each individual load currents can be

written in terms of /) as follows:
I, =01, &)
1,

l 4 is complex constant fraction, ¢, = ——

I

Assuming Bus one is the slack bus, the voltage of this bus is
given as follows:

ng nd (6)
= Zzlmlgm + ZZIiILi
m=1 i=1

where ng is the number of generation bus in power system.
Substitute (5) in (6)

ng

nd
I/1 =zzlm1gm+IDZZIi£i (7)
i=1

m=l

nd
Let T = ZZUE . and let [ is the total current flow
=

away from bus 1, where V| =—Z, 1, then equ.7 will be

-1 1 &
I, :TZIIIO_?;Zlm]gm ®)

And the load current is

—y 0. Je
=0y =—""21—7 D 2,1, )
T T Z‘ ¢
Let o 2
et 0, =——
T
ng
ILi:pilel()_'_piZZlmIgm (10)
m=1
Now, define the bus current
T .
Ibus = []gl IgZ -“ Igng IL] IL2 e ILnd:I1n
terms of new current vector
Il = I, I, - 1I,, IO] as follows:
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I, 1 0 0 0
I, 0 1 0 0 |
: : : . : : 11
0 0 1 0 g2 ( )
eng | _ :
1y, PZy Py o Pl ALy ;
I, P22y Prly pZZIng P2y ;mg
: : : - : : L %o
| 1a | 7,0,741211 Pualin  Pualing pnd2117
Ibus = C]new (12)
Then P, will be as follows:
T * T AT *
PL = (CInew) Rhus (Clnew) = Inewc Rbusc Inew (13)

The generation currents can be expressed in term of the
generation complex power as follows:

. —J
S, P.—jO.. :
[, =—%f=-Ff {le: —P, (14)
¢ I/z Vgi Vgi ¢
. Qgi .
By assuming —— is constant then
P,
Igi :l//ini (15)
1-j O
P,
Where, v, = —
Ve
Now, write equ.(15) in matrix form:
I, fw, 0 - 0 OfPR,]
I, |0 v, - 0 0]P,
N A (16)
Long 0 0 -y, 0)F,
L] 10 0 - 0 I 1|
Inew = LIIPGnew (17)
where P2 =[P, P, - P, 1]
Substitute equ.(17) in equ.(13)
PL = (IPPGnew)T CTRhu.tC* (LPPGnew)k = PGTnewlIJTCTRhusC*lP*PC’;nm (1 8)
Let H=W'C"R, C"¥", then
P, =R[P,  HF, . 1=P: RHIF,.,, (19)
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Substitute equ.(23) in equ.(13)

PL = (ﬂ'S(;zew)T CVTRbuSCW’= (A‘S;new)*
= S;Z:ewﬂTCTRbusc*/’l’*Sgnew (24)
*T
= SgneWESgnew
Where, E = ATCTRbuSC*i*
P, =Py = Qo) E(Poro+ O ) 25)

T -pT -7 T
= PgnewEPgnew + ]PgnewEanew - ]anc'wEPgnew + anc'mEanw

E, E,

Now let £ = { } , where size of E|is ng xng,

3 Ly
size of E,is ngx1,size of E;is 1 x ng and size of E, is
Ix1,and E, = E]

E E |P E E
e g e 02 2]
3 4 3 4

(26)
E, E, [P, E, E, |0,
—ior ol ™ 2 | 46 ool 2 G
/ [QG [E3 E |1 +[QG E, E/| 0
P, =P EF; + P; (E, + jEQ;) + 7)

(E3 - JQ(T,El )PG + E4 + jESQG - JQ(T,Ez + QcT;ElQG

We still can write the B coefficient matrices but it will now
differ than before as follows:

And
~ B -
Bll B12 Blng O%
B B B B,
21 22 2ng 2 (20)
R[H]= : :
B
Bngl Bng2 T B”g"g " 2
B B, B,
I % 02 H o Ong 5 Boo
Substitute (20) in (19)
[ B
Bll Bll Blng 0]2
B 1
B71 B77 B’ng 0% Pg7 (2 1)
PL:Pgl Pgl " Pgng 1 B : '
B ngl Bngl ngng " ) Pghg
8,/ Bs/ . B !
% % % B
Bll Bl2 lng__Pgl
B P
21 2 g 2
PL:Pgl Pg2 Pgng . . :'5
22
ngl Bng? o Bngng_ _Pgng ( )
BOI
BOZ
+ Pg1 sz el +B,,
B

Ong

POWER LOSSES COEFFICIENT

Now, the derivation of losses coefficient will be derived based
on assuming the reactive powers from generation units are
almost constants, when the demand power is constant, and the
generation power is varying, starting from equ.(14), and now

assume (), is constant:

(1,7 [4 0 0 ofs;]
o 0 A 0| s,
ST @
Ig”g ing O Sgng
L, ] |0 0 - 0 A 1
Iﬂﬂ\/:ﬂ/Sng(’W

1
~
<o

W Ve e
Where; ﬂi—/Vi*,l—l.ng,and Ay = All
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B, B, B | Pa
p=lp, By o op, | P B P e
Bt B Bwe || Pene (28)
P gl
+[By By - Bu, Pl g,
P
Or it can be written as follows:
P, =P!BP_+B,P, +B,, (29)
Where,
B=R[E|], B, = fR[(EzT + E, —2ngE1 )] and

By = R(E, + JE,O; — JOLE, + OLE,Q;;)

SIMULATION RESULTS

In this section a comparison between the two coefficient
formulas will be done by applying them to two power system;
one of them is four bus system and the other is IEEE-26 buses
system, where the load will be kept constant and the
generation power will be varied, and this is the case that are
done in optimal dispatch, where the value of the demand
power is fixed and known and the generation power will be
changed until the minimum cost is achieved. The bus and line
data of the four buses system are listed in Tablel.
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Table 1. Line data and bus data for Four buses system

Line data Bus data
From bus To R X B Bus Generation Load
bus
1 2 0.00704 0.0372 0.0775 P |V| ) P (0]
1 3 0.01008 0.0504 0.1025 1 1 0
2 3 0.00704 0.0372 0.0775 2 3.18 1 -
2 4 0.01272 0.0636 0.1275 3 - - - | 220 1.3634
4 - - - | 2.80 1.7352
.. . Qgi . 400
The traditional B coefficient ( based on the p i
gi 3501-
constant ) are as follows: ol
8.3832  -0.0494 4 250/
B = x107,
-0.0494 5.9636 $ 200}
B, =[0.7502  0.3899]x107 and \\
B, =9.0122x107 10or
50~
The modified B coefficient matrix ( assume constant Qgi) are ,

as follows:

42822 -0.0314]
X
-0.0314  5.0809 ’
B} =[0.2789 -0.8581]x10*and B, = 0.0267

!

Now, the load is kept constant, and generation power of bus 2
will be changed, then power losses in the transmission line
using the load flow will be determine. At the same time the
load losses will be calculated using B coefficient and modified
B coefficient matrices, by multiplying them with the
generation power using equ. 29. The results are shown in
Fig.1, where it is clear from this figure that the modified B
coefficient matrices has better estimation of the power losses
than the traditional one. Fig.2 shows the reactive power
generated from bus 2, where it is almost constant.

20

T T
Load flow

B coefficent
Modified B coefficent |4

P losses [MW]

: : : : : :
200 250 300 350 400 450
Pg of bus 2 [MW]

r r r
0 50 100 150 500

Figure 1. Power losses in the transmission line of four buses
system.
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: e ¢ ¢
200 250 300 350
Pg2

5’0 160 15;0 400
Figure 2. Generation reactive power versus the generation

active power at bus 2 for four buses system.

The same work is also done for IEEE-26 bus system, where it
has 6 generation buses, the B coefficient and the modified B
coefficient was calculated once, then they kept constant, the
losses power was calculated using these values and compared
with the power losses obtained from the load flow, Fig.3 —
Fig.7 show the power losses when each generation bus power
changed individually, where the results show again that the
modified B coefficient matrices has better power losses
values. Fig. 8 shows the generation reactive power from each
generation bus, when the real power from the sixth generation
bus ( bus number 26 in the system), where they almost
constant. Fig.9 shows the contour plot of power losses when
both of generation power at bus 2 and bus 3 are changed
together, the results shows that power losses using modified B
coefficient is closer to that calculated using load flow
compared to the power losses using traditional B coefficient.

Load flow
B Coefficent
Modified Beoefiicent []

Plosses [MW]

14.4
50

Pg2 [MW]

Figure 3. Power losses in the transmission line of IEEE-26
buses system, when generation power in bus2 is changed.
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15.2

Load flow
B coefficent
Modified B coefficent
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15+

1491

14.8 -

14.7 -
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14.6 -

145

1441

14.31-

14.2 £ -
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Figure 4. Power losses in the transmission line of IEEE-26
buses system, when generation power in bus3 is changed.

load flow
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Figure 5. Power losses in the transmission line of IEEE-26
buses system, when generation power in bus4 is changed.
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Figure 6. Power losses in the transmission line of IEEE-26
buses system, when generation power in bus5 is changed.
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Figure 7. Power losses in the transmission line of IEEE-26
buses system, when generation power in bus26 is changed.
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Figure 8. Reactive power from the generation buses when
active power at bus 26 is changed for IEEE 26 buses system

200 ~ ‘ Load flow

- >>> B coefficent
T Modified B coefficent

Pg3 [MW]

Pg2 [MW]

Figure 9. Contour plot for losses power for IEEE 26 buses
system, when generation power at bus 2 and bus 3 are
changed.

CONCLUSIONS

The results show that the power losses formula based on
Assuming constant relation between generation active and
reactive power is not accurate for all the generation power's
range, where based on the load flow result, assuming constant
generation reactive power in power losses formula gives more
accurate results in two power systems, one of them is IEE-26
buses system.

REFERENCES

[1] Bouktir, Tarek, Linda Slimani, and M. Belkacemi.
"A genetic algorithm for solving the optimal power
flow problem." Leonardo Journal of Sciences 4
(2004): 44-58.

[2] Conejo, Antonio J., Francisco D. Galiana, and Ivana
Kockar. "Z-bus loss allocation." IEEE Transactions
on Power Systems16.1 (2001): 105-110.

[3] Sivasubramani, Swarup, and K. S. Swarup. "Multi-
objective harmony search algorithm for optimal
power flow problem." International Journal of



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 5 (2018) pp. 2471-2476
© Research India Publications. http://www.ripublication.com

Electrical Power & Energy Systems33.3 (2011): 745-
752.

[4] Bhowmik, Arup Ratan, and A. K. Chakraborty.
"Solution of optimal power flow using nondominated
sorting multi objective  gravitational search
algorithm." International ~ Journal of Electrical
Power & Energy Systems 62 (2014): 323-334.

[5] AlRashidi, Mohammed R., and Mohamed E. El-
Hawary. "A survey of particle swarm optimization
applications in electric power systems." IEEE
transactions on evolutionary computation 13.4
(2009): 913-918.

[6] Sanseverino, Eleonora Riva, et al. "Optimal power
flow in three-phase islanded microgrids with inverter
interfaced units." Electric Power Systems
Research 123 (2015): 48-56.

[7] Park, Jong-Bae, et al. "An improved particle swarm
optimization for nonconvex economic dispatch
problems." [EEE Transactions on Power
Systems 25.1 (2010): 156-166.

[8] Gaing, Zwe-Lee. "Particle swarm optimization to
solving the economic dispatch considering the
generator constraints." IEEE transactions on power
systems 18.3 (2003): 1187-1195.

[9] Griffin, Tomsovic, et al. "Placement of dispersed
generation systems for reduced losses." System
Sciences, 2000. Proceedings of the 33rd Annual
Hawaii International Conference on. IEEE, 2000.

[10]  Grainger, John J. Stevenson, William D. John J.
Grainger, and William D. Stevenson. Power system
analysis. 1994.

2476



