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Vulture Optimization for Economic

Abstract. The industrialization and the growth of the population are the first factors for which the consumption of electrical energy increases
regularly, which implies an increase of the cost and a degradation of the natural environment, so we need to solve the technical and economic
dispatching problems. This paper presents, for the first time, the basis of EVOA approach in economic dispatching problems (EDP)., This approach is
proposed to solve the non-convex and non-continuous EDP., The effectiveness of the proposed method is examined and validated by carrying out
extensive test systems using three, six and fifteen generating units. Numerical results show that the EVOA method has a good convergence
property, The result shows that the proposed method can reliably handle complex objective optimization problems in strong and effective way the
generation costs tested by the EVOA method are lower than other optimization algorithms reported in literature.

Streszczenie. W artykule zaprezentowano podstawy metody EVOA zastosowanej do rozwigzania problemu ekonomicznego rozsytu energii EDP.
Metoda stosowana jest do rozwigzania problemu nieciggtego EDP. Sprawdzono jg dla ukiadéw 3, 6 | 15 generatoréw. Zastosowanie nowego
meta-heurystycznego algorytmu egipskiego sepa do optymalizacji ekonomicznego rozsytu energii
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Introduction

The industrialization and the growth of the population
are the first factors for which the consumption of electrical
energy increases regularly. As well, to have a balance
between production and consumption, it is at first sight
necessary to increase the number of power plants, lines,
transformers etc[1], which implies an increase of the cost
and a degradation of the natural environment. Accordingly,
it is important today to have of mesh networks and work
close to the limits of stability [2]-[5].

The exploitation of electrical networks requires to
improve the management of energy by introducing the costs
of production and minimizing the transmission losses.
Scientific research is oriented toward the best form of
economic distribution of electrical energy in order to
minimize the costs of production [6]-[10].

For a good operation of the network, we need to solve
the problems of a technical and economic, which requires
the improvement of the management of electrical energy by
reducing the cost of production and on the other hand by
keeping the balance between production and consumption
[11]. The current objective of an economic dispatch is the
electrical production with a low cost of fuel. The general
problem of the production and the optimal distribution of
powers in a production system -Transport- consumption are
therefore very complex.

Several methods like PSO [12], bat algorithm [13],
[14], Honey bee swarm [15]-[18] league championship
algorithm [19], [20], cuckoo search [21], simulated
annealing [22], [23], krill herd optimization [24]-[29],Virus
Optimization Algorithm [30]-[32], Magnetic Optimization
Algorithms [21], [23], etc, have been developed to resolve
this problem

Here, a new meta-heuristic technique Egyptian Vulture
Optimization [33], [34] is implemented to solve economic
dispatch problems, and present its effectiveness using
three, six, fifteen and forty generating units test systems.
The result shows that the proposed methodology can
reliably handle complex objective optimization problems in
strong and effective way.

This paper presents, for the first time, the basis of EVOA

approach in economic dispatch problems, we obtain very
satisfactory results (cost, P.) compared with results of
previous studies relied on other methods.

Principle of economic distribution of powers

We consider a production-transport network at n node
where we have ng generator nodes. The function of the
total cost of production of this network is given by the
following form [8], [11], [14]:

ng
) I:glob =Z_1:Fi(Pgi)

with: Pg: Represents the active powers generated; ng
‘Represents the number of nodes generators; F;
(Pgi):Represents the cost of production of the central i; Fgion
: Represents the sum of the functions of the cost of each
central.

The problem of the economic distribution of powers is to
minimize the function of the total cost of fuel necessary for
the production of energy requested.

This function is given by a polynomial of degree (n) in the
following general form:

@ F(P)=a+aPg+a,P +. .+aP’

The coefficients of the latter are calculated using one of
the methods of interpolation, but in practice, this equation is
in the form of a polynomial of the second degree, that is to
say:

@) F(P,)=c+bP, +aP’

So we can write the cost function for the ith generator node
as follows:

) F(P)=C+bP,+aP i=1,...,ng
ai, bi, ¢i : Represents the coefficients of the cost function

specific to the central (i) [12], [25]. It is therefore, at this
stage that the problem of the optimal allocation of powers
arises, it can be represented as follows:
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It is necessary to minimize the cost of electrical
energy for the whole of units:

() Min { Fglob ( Pgi ) = i F (Pgi )}
i-1

Under the following constraints:
Equality constraints

ng ng
(6) > P.=>P+P
i=1 i=1

The constraints of inequality
min max
7) Pi <P,<Pi
with: n : Total number of nodes; Pg : Active power
produced by the ith generator node; Pp: Active

power consumed by ith load; P : Losses total active
in the network; Pg‘i"ax: Maximum active power

produced by ith generator; F;‘:“": Minimum active

power produced by ith generator.

The effect of transmission losses is to express
the total transmission loss as a quadratic function of
the generator power outputs, the transmission loss
may be expressed using b-coefficients as [4,35]:

N N

(8) R = ZZ pB;p;
i=1 j=1

Kron’s loss formula:

N N N
9) PL:ZZ piBijpj+ZBijj+BOO
=

i=1 j=1
where B; is the ijth element of the loss coefficient
square matrix, Bg is the jth element of the loss
coefficient vector, and By is the loss coefficient
constant [36].

Description of EVOA [33].

The EVOA is a new member in the family of
Meta-Heuristics, this method of some given phases,
using representation by illustrations and explications.
The two principal actions of the Egyptian Vulture,
which are taken into account here or by preference
to turn over into algorithm, are the throwing of gravel
and the capacity of turn round and round objects
with twigs.

Solution Set Initializaticn|

|Tossing of Pebbles
IRclling with Twigs
|

| Change of Angle

Fitness Evaluation

Stop or Continue Decision

Fig .1. EVOA’s organizational chart

The nature has developed many methods to
protect it balance and elements, the Egyptian vulture
is one of these elements, needs during feeding to
bird’s eggs, which are protected with solid covers,
the Egyptian vulture made many attempts using
throwing gravels before succeeding in breaking
egg’s cover by changing —randomly- in every attempt

the throwing angle and/or the throwing force. The EVOA process is
applied to minimize gas emissions in the electric power stations.
Figure 1; illustrate the EVOA’s organizational chart [34].

A Simplified Explanation Of The EVOA:

Phase 1: Initiation

Phase 2: Take randomly the maximum possible of value n which
Achieve the condition

Phase 3: validation of value n in Function F

Py <P <P

gi min gi max
Phase 4: Classification of solutions from the minimum till maximum
Phase 5: Take a certain Percentage xi of solutions

Simulation results

Experimentally, In order to evaluate the efficacy of Egyptian
Vulture Optimization Algorithm, it use a system composed of three
units, this process is repeated with six units, and finally with fifteen
units. The process proposed (EVOA) perform the Matlab to obtain
solutions.

Application 1:

The application of the EVOA has been made on an IEEE network
of three generators of production; which possess a cost function to
this production. The parameters related

Table 1. Data of three generators of production

Unit | PP asmud) | BOSMW) | o(s)
1 100 600 0.001562 7.92 561
2 50 200 0.004820 7.97 78
3 100 400 0.001940 7.85 310

Table 2. System of three units simulated by EVOA and four other
processes

Method P, P, P; Pp(MW) cost ($/h)
FSS-PSO
571 349.4662 | 400.0000 | 100.5338 | 850.000 | 8220.9327
EP [38] 300.264 | 149.736 | 400.000 | 850.000 8234.07
EP[';‘])P 300267 | 149.733 | 400.000 | 850.000 8234.07
PSO[38] | 300.268 | 149.732 | 400.000 | 850.000 8234.07
Psg'sS]QP 300267 | 149.733 | 400.000 | 850.000 8234.07
GAB[39] - - - - 8234.08
GAF[39] - - - - 8234.07
CEP [39] - - - - 8234.07
FEP [39] - - - - 8234.07
NEIQE]P ; ; ; ; 8234.08
IFEP [39] - - N - 8234.07
GAB 39] - - - - 8234.05
PS [40] 300.2663 | 149.7331 | 399.9996 | 849.9990 8234.1
GSA[41] | 300.2102 | 149.7953 | 399.9958 | 850.0013 | 8234.0724
ABC [42] | 300.2656 | 149.7344 | 400.0000 | 850.000 8222.07
[T4|3?° 394.5243 | 56.2764 | 399.1993 | 850.000 8280.9
Prg\';gied 4226183 | 91.7024 | 335.6793 | 850.000 8200.2069

The table 2 present an optimum simulation results of EVOA
EDP compared with simulation results of GA, EP, EP-SQP, PSO,
PSO- SQP, GAB, GAF,CEP,FEP, MFEP, IFEP, GAB, PS, GSA,
ABC , and TLBO , where the charge is modified as follows:
Pp=850MW.The results obtained by EVOA are satisfactory when
compared with other processes Figure 2.

Variations of fuel cost in terms of number of iterations with
EVOA for power demand of 850MW are plotted in figure3 the
proposed EVOA reduces the cost of electrical power generate.
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Fig. 3. Convergence of three generating unit system for P,=850MW

Table 3 shows the summarized result of EDP for load
demand of 400MW, 500MW, 600 and 700MW are obtained

Power
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Fig 5. Convergence of three generating unit system for P,=500 MW
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Fig.6. Convergence of three generating unit system for P,=600
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Power demand =700 MW
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6846
by the proposed EVOA algorithm with stopping criteria |
based on maximum-generation=70. ooes
Table 3. Economic dispatch results for 3-unit system e
Power demand (MW) %’ 6843
Unit =
(MW) 400 500 600 700 § 6842 -
P; 188.6293 236.1234 291.6813 341.5761 coar |
P, 62.6147 57.73687 90.0883 93.7271
Ps 148.7562 206.1397 218.2304 264.6967 6840 | cevernnnns
Total 400000 500000 600000 700000 ....................................................
output 6839 - : - : - :
t 0 10 20 510 ) ftO 50 60 70
c$c;: 4227.1308 | 5083.0505 | 5954.6373 | 6839.6710 N® of Itérations
'(I'(S)) 3423 3542 3656 3717 Fig.7. Convergence of three generating unit system for Pp,=700
. S 3 S . S . S MW.

Variations of fuel cost in terms of number of iterations
with EVOA for power demand of 400MW, 500MW, 600MW,
and 700 MW are plotted in figure 4, figure 5, figure 6 and
figure 7,the proposed EVOA reduces the cost of electrical

power generate.
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The EVOA has therefore well given satisfactory results.
This demonstrates that it is much faster and more efficient
than similar techniques in dealing with the problems of
objective optimization.

Application 2:

The application of the EVOA has been made on an
IEEE network of six generators of production; which
possess a cost function to this production. The parameters
related by the system composed of six units are indicated in
the table 4.

Table 4. Generating unit capacity and coefficients for six unit

system

Unit Pi;m“ Pi;“a" a(®MW?) | b(sMW) | c($)
1 100 500 0.0070 7.0 240
2 50 200 0.0095 10.0 200
3 80 300 0.0090 8.5 220
4 50 150 0.0090 11.0 200
5 50 200 0.0080 10,5 220
6 50 120 0.0075 12.0 190
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Table 5. Economic dispatch results for six unit system.

Unit
PMW) | PAMW) | P(MW) | P(MW) | Ps(MW) | Po(MW) Total Loss | ¢ ost ($ih)
Method output (MW)
EVOA | 4381003 | 175.031 | 277.8132 | 129.9183 | 175.6926 | 78.48954 | 1275046 | 12.04619 | 15442 875
HBB-BC
441.36 175.68 262.82 134.57 169.98 91.16 1275.57 12.57 15444.26
[44]
FSS-PSO
[37] 446.2766 | 172.3898 265 1425145 | 1629183 | 86.2179 | 12783171 | 123171 | 45442 9219
BFO[46] | 449.4600 | 172.880 | 263.4100 | 143.4900 | 164.9100 | 81.2520 | 1275402 | 12.4020 | 15443849
PSO
[47] 440.58 167.44 278.24 150 157.60 81.22 1275.07 12.08 15445.48
EE4P§']° 447389 | 173.234 | 263.372 138.972 165.384 87.044 - 12.394 15442.89
HHS[49] | 447.4960 | 173.314 | 263.4450 | 139.0550 | 165.4750 87.1250 1250.910 | 12.9500 15449.000
GA[50] 474.81 178.46 262.21 134.28 151.90 74.18 1276.02 13.02 15459.0
SCKF- 455.48 167.30 271.76 147.69 163.49 69.67 1275.8405 | 12.9643 | 15441.2764
PSO [45]
IPSO[51] | 4405711 | 179.836 | 261.3798 | 131.9134 | 170.9823 90.8241 125.5072 12.5480 15444.000
IPS[?Z-]AC 4475840 | 173.201 | 263.3310 | 138.8520 | 165.3280 | 87.1500 | 1275446 | 12.4460 15443.063
BSA[43] | 447.4902 | 173.330 | 263.4559 | 139.0602 | 165.4804 87.1409 1275958 | 12.9583 15449.899
HYB [53] | 447.3335 | 173.255 | 263.3879 | 138.9444 | 165.3314 | 87.1908 | 1275444 | 12.4445 15443.07

Tables 5 and 6 present an optimum simulation results

The results obtained by EVOA are satisfactory when

of EVOA EDP compared with simulation results of HHB-
BC,NPSO-LRS,BFO,NAPSO, SOH-PSO,HHS,GA,BB-BC,
IPSO, IPSO-TVAC and BSA, where the charge is modified
as follows: Pp=1263MW.
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Fig.8. lllustration of EDP by EVOA and other processes in
application 2
x10* Power demand =1263 MW
1.5600 . T T T
1.5580 b
1.5560
_. 155401 1
3
-] 1.5520 b
% 1.5%00 "
(&)
1.5480 b
1.5460 1
1.5430 — * y 3 - * - - -
] 10 20 30 40 50 60 70 80

N° of Itérations
Fig.9. convergence of six generating unit system for Pp=1263MW
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compared with other processes figure 8.

Variations of fuel cost in terms of number of iterations
with EVOA for power demand of 850MW are plotted in
figure 9 the proposed EVOA reduces the cost of electrical
power generate.

Table 6 shows the summarized result of EDP for load
demand of 500MW, 700MW, 900 ,1100 and 1300MW are
obtained by the proposed EVOA algorithm with stopping
criteria based on maximum-generation=80.

Table 6. Test results for 6unit system

EVOA
Power demand (MW)
Unit
(MW) 500 900 1100 1300
P, 1696238 321.9650 | 325.1633 | 428.0582 | 455.7245
P, | 54.2475 | 77.8552 | 02.2204 | 145.8826 | 192.0882
Py 100.969 | 112.1473 | 210.3230 | 243.4811 | 253.0900
P, | 50.8115 | 84.3814 | 96.7029 | 102.1142 | 135.0159
Ps | 70.6323 | 54.7075 | 124.0804 | 119.4959 | 176.0057
P, | 56.1295 | 52.7384 | 57.9629 | 70.6265 101.3915
Total | 535029 | 703795 | 9064531 | 1109698 | 43133161
output 8
Loss
wy | 20295 3.795 6.45311 | 9.65888 13.31615
z’;;:; 6168.57 | 8327.30 | 10707.16 | 13220.82 | 15882.325

Variations of fuel cost in terms of number of iterations
with EVOA for power demand of 500MW, 700MW, 900
,1100 and 1300MW are plotted in figure 10, figure 11, figure
12 and figure 13,the proposed EVOA reduces the cost of
electrical power generate.

The EVOA has therefore well given satisfactory results.
This demonstrates that it is much faster and more efficient
than similar techniques in dealing with the problems of
objective optimization.
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Application 3:

The application of the EVOA has been made on an
IEEE network of fifteen generators of production; which
possess a cost function to this production. The parameters
related by the system composed of fifteen units are
indicated in the table 7.

Table 7.Generating unit data for 15-unit system

Unit Pg“i“m Pg“;‘”‘ a($/MW? | b(S/MW) | c($)
1 150 455 | 0.000299 | 10.1 671
2 150 455 | 0.000183 | 10.2 | 574
3 20 130 | 0.001126 8.8 374
4 20 130 | 0.001126 8.8 374
5 150 470 | 0.000205 | 104 | 461
6 135 460 | 0.000301 10.1 630
7 135 465 | 0.000364 9.8 548
8 60 300 | 0.000338 | 112 | 227
9 25 162 | 0.000807 | 11.2 173
10 25 160 | 0.001203 | 10.7 175
11 20 80 | 0.003586 | 10.2 186
12 20 80 | 0.005513 9.9 230
13 25 85 | 0.000371 13.1 225
14 15 55 | 0.001929 | 12.1 309
15 15 55 | 0.004447 | 124 | 323

The table 8 presents an optimum simulation results of
EVOA EDP compared with simulation results of FA GAAPI
, BB-BC, PSO , IA_EDP, BSA and HBB-BC where the
charge is modified as follows: Pp=2630MW.The results
obtained by EVOA are satisfactory when other processes
figure 15 compared with.

32780
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™
SERAY
& &

Fig.15. lllustration of EDP by EVOA and other processes in
application 3

Variations of fuel cost in terms of number of iterations
with EVOA for power demand of 2630MW are plotted in
figure16 the proposed EVOA reduces the cost of electrical
power generate.
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Table 8. Economic dispatch results for 15-unit system

. Proposed BB-BC IA_EDP
Unit (MW) EVOA FA[54] | GAAPI[55] [44] PSOI[55] 571 TS[58] BSA[59]
P4 416.7195 455 454.70 454.9991 455.000 455.0 453.5374 455.0000
P, 455 380 380.00 455.0000 380.00 379.9999 371.9761 380.0000
Ps 130 130 130.00 130.0000 130.00 130.0 129.7823 130.0000
P, 129.9194 130 129.53 130.0000 130.00 129.9999 129.3411 130.0000
Ps 308.550 170 170.00 227.1366 154.42 169.9999 169.5950 170.0000
Pg 354.0913 460 460.00 460.0000 460.00 459.9999 457.9928 460.0000
P; 465 430 429.71 465.0000 430.00 429.9999 426.8879 430.0000
Pg 74.7620 71.745 75.35 60.0000 60.00 67.9628 95.1680 71.6368
Py 80.6349 58.916 34.96 25.0000 74.27 65.7269 76.8439 59.0234
Pio 74.4878 160 160.00 160.0000 160.00 156.3294 133.5044 160.0000
P14 79.6953 80 79.75 20.0000 80.00 80.0 68.3087 80.0000
P12 34.1811 80 80.00 20.0000 79.60 79.9999 79.6815 80.0000
Pi3 25.0035 25 34.21 25.0000 25.00 25.0000 28.3082 25.0001
P14 15.0616 15 21.14 15.0000 27.59 15.000 17.7661 15.0001
Pis 15.0017 15 21.02 15.0000 15.00 15.000 22.8446 15.0005
Total output 2658.109 2660.661 2660.36 2662.13 2660.88 2660.019 2661.53 2660.660
Loss (MW) 28.135 30.661 30.36 32.1358 30.88 30.0187 31.41 30.6609
cost ($/h) 32653.32 32704.45 32732.95 32659.35 32731.96 32698.20 32762.12 32704.45
gy 104 Power demand =2630MW 26~ 10* . l‘-’ower‘dema‘nd =1§00MV\{
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Fig.16. Convergence of fifteen generating unit system for P,=2630

Mw

Table 10 shows the summarized result of EDP for load

demand of 1600MW, 2000MW, 2400 and 2800MW are
obtained by the proposed EVOA algorithm with stopping
criteria based on maximum-generation=100.

Table 9. Test results for 15-unit system

Power demand(MW)
Unit
(W) 1600 2000 2400 2800
P, 192.4320 195.2382 352.4247 454.9241
P, 192.5767 394.4830 356.3350 454.9734
P, 129.9991 130 129.9847 130
P, 130 130 130 130
Ps 150.0045 209.5171 332.3252 431.4531
Ps 191.1928 275.7624 406.5987 4555447
P, 371.4190 450.0090 465 465
Ps 60.0013 60.0104 60.0007 60.0013
Py 25.0463 25 25.0111 25.0003
Piq 25.0043 25.0062 25.0043 64.9802
P, 55.3374 20.1338 51.2433 54.4874
P, 34.2634 46.9852 36.8985 59.1273
Pis 25.0127 25.0005 25.0001 25.0449
P 15.0881 15.0070 15.0377 15.0119
Pis 15.0234 15.0085 15.0276 15
Total | 16124016 | 2017.1618 2425.8923 2840.5491
output
Loss
W) 12.0161 17.1168 25.58237 40.2312
gjﬁ; 21770.4901 | 25924.4458 | 30155.9998 | 34488.3013
T (S) 11.572 12.532 13.354 14.400

Variations of fuel cost in terms of number of iterations
with EVOA for power demand of 1600MW, 2000MW,2400
and 2800MW are plotted in figure 17, figure 18, figure 19
and figure 20,the proposed EVOA reduces the cost of
electrical power generate.
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Fig. 17. Convergence of fifteen generating unit system for P,=1600
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The EVOA has therefore well given satisfactory results.
This demonstrates that it is much faster and more efficient
than similar techniques in dealing with the problems of
objective optimization.

Application 4:

The application of the EVOA has been made on an
IEEE network of fifteen generators of production; which
possess a cost function to this production. The parameters
related by the system composed of forty- units are indicated
in the table 10.

Table 10.Generating unit data for 40-unit system

Unit Pi;“‘“ Pig‘a" a($/MW?) | bs/mMw) | ci($)
1 36 114 | 0.00690 6.73 94.705
2 36 114 | 0.00690 6.73 94.705
3 60 120 | 0.02028 7.07 | 309.540
4 80 190 | 0.00942 8.18 | 369.030
5 47 97 0.01140 535 | 148.890
6 68 140 | 0.01142 8.05 | 222.330
7 110 300 | 0.00357 8.03 | 287.710
8 135 300 | 0.00492 6.99 | 391.980
9 135 300 | 0.00573 6.60 | 455.760
10 | 130 300 | 0.00605 12.9 | 722.820
11 94 375 | 0.00515 12.9 | 635.200
12 94 375 | 0.00569 12.8 | 654.690
13 | 125 500 | 0.00421 12.5 | 913.400
14 | 125 500 | 0.00752 8.84 | 1760.40
15 | 125 500 | 0.00752 8.84 | 1760.40
16 | 125 500 | 0.00752 8.84 | 1760.40
17 | 220 500 | 0.00313 7.97 | 647.850
18 | 220 500 | 0.00313 7.95 | 649.690
19 | 242 550 | 0.00313 7.97 | 647.830
20 | 242 550 | 0.00313 7.97 | 647.810
21 | 254 550 | 0.00298 6.63 | 785.960
22 | 254 550 | 0.00298 6.63 | 785.960
23 | 254 550 | 0.00284 6.66 | 794.530
24 | 254 550 | 0.00284 6.66 | 794.530
25 | 254 550 | 0.00277 7.10 | 801.320
26 | 254 550 | 0.00277 710 | 801.320
27 10 150 | 0.52124 3.33 | 1055.10
28 10 150 | 0.52124 3.33_ | 1055.10
29 10 150 | 0.52124 3.33 | 1055.10
30 47 97 0.01140 535 | 148.890
31 60 190 | 0.00160 6.43 | 222.920
32 60 190 | 0.00160 6.43 | 222.920
33 60 190 | 0.00160 6.43 | 222.920
34 90 200 | 0.00010 8.95 | 107.870
35 90 200 | 0.00010 8.62 | 116.580
36 90 200 | 0.00010 8.62 | 116.580
37 25 110 | 0.01610 5.88 | 307.450
38 25 110 | 0.01610 5.88 | 307.450
39 25 110 | 0.01610 588 | 307.450

40 | 242 550 | 0.00313 7.97 | 647.830

Table 11 present an optimum simulation results of
EVOA EDP compared with simulation results of SOA ,
OHS , HBB-BC , FAPSO-NM , DE ,ABC and TLBO where
the charge is modified as follows: Pp=10500MW.The results
obtained by EVOA are satisfactory when compared with
other processes figure 21.
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Fig.21. lllustration of EDP by EVOA and other processes in
application 4

Variations of fuel cost in terms of number of iterations
with EVOA for power demand of 10500MW are plotted in
figure 22 the proposed EVOA reduces the cost of electrical
power generate.
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Fig. 22. Convergence of fifteen generating unit system for

Pp=10500 MW

e The simplified generalized term taken in this paper
distinctly confers optimal generation scheduling of thermal
units for the determined charge request without necessity of
repeated steps. As a consequence, the counting of the total
generation cost will be an easier task.

e The suggested procedure needs a less number of
repetitions for convergence after including transmission
losses in the economic power dispatch problem.

e The suggested EVOA procedure can be realized for
large-scale systems.

e The suggested procedure gives the optimal solution with
less computational effort.

Conclusions

The aim of this economic dispatch paper is to present
the proposed EVOA and compare it with different methods
to analyze power systems to get the best economic benefit
while minimizing cost and losses.

Egyptian Vulture Optimization Algorithm (EVOA), is a
new optimization suggested by this paper in the domain of
Economic Dispatch. So as to show the efficiency of EVOA
using three, six and fifteen generating units test systems.
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Table 11 Economic dispatch results for 40-unit system

Unit Proposed FAPSO-

W) EVOA SOA [60] OHS [61] | HBB-BC [44] NM[62] DE [63] ABC [42] TLBO [64]
P4 113.7472 93.298 103.9422 114.00 111.38 110.8256 - 36.1161
P, 112.3622 93.298 112.2758 114.00 110.93 111.1008 - 37.9455
Ps 97.99708 99.298 97.2549 97.4243 97.41 97.3996 - 61.8403
P4 190 169.298 179.8187 179.7324 179.33 179.7336 - 93.4369
Ps 94.7311 76.298 95.0966 88.6784 89.22 92.2835 - 83.3052
Pe 13.7627 119.298 139.5940 140.00 140 140.0000 - 120.2602
Py 299.2518 279.298 263.8120 300.00 259.62 259.6004 - 290.4140
Ps 299.1143 279.298 293.0950 284.5997 284.66 284.6014 284.5962 200.0000
Py 300 279.298 299.5109 284.5737 284.66 284.6000 284.5294 293.7905
Pio 233.3090 279.298 130.8497 130.00 130 130.0000 130.0033 210.5287
P11 213.4865 94 102.1717 94.00 168.82 168.7999 168.7903 337.4764
P12 94.0150 354.298 95.9356 94.00 168.82 168.8004 94.0010 249.7551
Pi3 129.4968 125 129.7004 214.7623 214.75 214.7597 215.4183 380.7705
Paa 293.0991 302.286 384.2587 304.5196 394.28 394.2796 394.2843 125.2402
Pis 309.9737 479.298 301.7727 394.2794 304.54 394.2793 394.2274 487.4984
Pie 317.1110 264.182 301.7773 394.2794 394.3 304.5195 394.1741 500.0000
P17 494.8552 479.298 496.6855 489.2795 489.29 489.2796 489.2802 319.7599
Pig 499.9629 479.298 490.4517 489.2795 489.29 489.2793 489.2863 237.2392
Phg 550 529,298 502.7192 511.2845 511.28 511.2798 511.2606 516.5296
Pao 550 529.298 510.7183 511.2845 511.29 511.2796 511.2471 524.5736
Py 548.2387 529.298 523.3236 523.2196 523.33 523.2793 523.3126 540.1990
P32 550 529.298 524.7491 523.2196 523.48 523.2795 523.2619 549.3921
P23 550 529.298 523.4055 523.2196 523.33 523.2800 523.2069 550.0000
P24 550 529.298 522.6936 523.2196 523.33 523.2796 523.2790 522.9545
P;s 550 529.298 522.6783 523.2196 523.33 523.2795 523.2828 532.1005
P 550 529.298 538.1215 523.2196 523.33 523.2797 523.2828 542.7990
Py 11.0938 10 149.7369 10.00 10 10.0000 10.0035 56.7790
Pas 11.4952 10 131.3113 10.00 10 10.0000 10.0601 23.8696
Pag 10.1714 10 130.7194 10.00 10 10.0000 10.0063 12.7165
P 96.8730 47 92.7962 89.3218 88.7 87.8823 88.0050 86.0264
P31 189.8849 169.298 185.4022 190.00 190 190.0000 189.8676 190.0000
P32 190 169.298 174.0935 190.00 190 190.0000 189.9970 190.0000
Ps3 189.9577 169.298 168.3946 190.00 190 190.0000 179.4734 190.0000
P34 199.9353 179.298 176.0944 200.00 165 164.8000 164.8527 192.4549
P35 200 179.298 104.4641 200.00 166 164.8422 164.8280 189.1622
P3g 199,9816 179.298 167.3644 200.00 165 164.8171 164.8093 195.0759
P37 109,9799 89.298 89.9918 110.00 110 110.0000 109.9733 109.6457
Pss 110 89.298 102.7658 110.00 110 110.0000 109.9999 110.0000
Pig 109.1052 89.298 108.1541 110.00 110 110.0000 109.9544 109.3120
Pao 242.0085 529.298 532.2987 511.2845 511.3 511.2794 511.2777 501.2304

O-Il-.lc::)al.:t 10500.00 10500 10500 10499.90 10500 10500 - 10500,198
f&ﬁ; 119923.6629 125248.11 120240 121471.72 121418.3 121414937 121479.6467 129960.0

The method of Egyptian Vulture Optimization Algorithm,

is included for the first time in Economic Dispatch, we

obtained very satisfactory results (cost, P.) compared with

results of previous studies relied on other methods .As GA,

EP,EP-SQP,PSO,PSO-SQP, GAB, GAF, CEP, FEP, APPENDIX

MFEP,IFEP, GAB, PS, GSA, ABC, HHB-BC, NPSO- B [oss coefficients matrix for six-unit system

LRS,BFO, NAPSO, SOH-PSO, HHS, GA, BB-BC, 0.0017  0.0012  0.0007 —-0.0001 —0.0005 —0.0002

IPSO,IPSO-TVAC, BSA, PSO , GAAPI , SOH-PSO, PSO , 0017-0. 0007 0. ~0.0005 " ~0.

APSO , TS and SA. 0.0012  0.0014  0.0009  0.0001 —0.0006 -0.0001

EVOA is the most effective methods, easy to applied B 0.0007  0.0009 0.0031  0.000 —0.0010 —0.0006

and able to search near total optimum solutions, the 71 20.0001  0.0001  0.0000 0.0024 —0.0006 -0.0008

advantage of the EVOA method is its ability in finding high ~0.0005 —0.0006 —0.0010 —00006 00129 —0.0002

quality .sqlutlons . rel_lably with fas.t convergence 20,0002 —0.0001 —0.0006 —0.0008 —0.0002 0.0150

characteristics. It will give the same optimal solution for

different experiments and it can be easily implemented for

the system consisting of a greater number of generating

units. So, this result proves that EVOA optimization is a

reliable technique for solving Economic Dispatch problem.
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B Loss coefficients matrix for fifteen-unit system

Bij=1e-5

[14 12 07 -01 -03 -01 -01 01 03 05 03 02 04 03 -01
12 15 13 00 -05 02 00 01 -02 04 04 00 04 10 -02
07 13 76 01 -13 09 -01 00 -08 -12 -17 00 26 1.1 28
01 00 01 34 07 04 11 50 29 32 -11 00 01 01 -26
03 05 -13 07 90 14 -03 -12 -10 -13 07 02 02 24 -03
01 02 09 04 14 16 00 06 05 08 11 01 02 -17 03
01 00 01 11 03 00 15 17 15 09 -05 07 -00 02 08
01 01 00 50 -12 06 17 168 82 79 =23 36 01 05 -78
03 02 08 29 -10 05 15 82 129 16 21 25 07 -12 72
05 04 12 32 -13 08 09 79 116 200 27 34 09 -11 -88
03 04 17 -11 07 11 -05 23 21 27 140 01 04 -38 168
02 00 00 00 02 -01 07 -36 25 34 01 54 -01 -04 28
04 04 26 01 02 02 00 01 07 09 04 -01 -103 -101 28
03 10 1.1 01 24 -17 02 05 -12 -1 38 -04 101 578 —94
|-01 02 28 26 03 03 -08 78 72 88 168 28 28 -94 1283

Autours

Abdelkader Si tayeb was born on 05.12.1981.

In 2007, she graduated the Department of Electrotechnic of the
Faculty of Electrical Enginnering at University Mascara She
defended her master in 2011; she prepared the PhD degree in
Electrical Engineering department of at University =~ (USTO) in
Algeria.

Her research activities focusing a practical method based on meta-
heuristic for larg scale power system.

Correspondence address: si_tayeb12@yahoo.fr

Hamid bouzeboudja was born on 04.03.1965.

In1993 he graduated at the electrotechnical Department of the
Faculty of Electrical Engineering at University (USTO) in Algeria.

He graduated the master in the field optimal power flow problems in
1996

Presently, he is a Professor in the Electrical Engineering
department of USTO, his scientific research is focusing on practical
methods based on genetic algorithms for solving the economic
dispatch problem of complex systems

Correspondence address : hbouzeboudja@yahoo.fr

REFERENCES

[1] Irina C ; Elias K “Recent methodologies and approaches for the
economic dispatch of generation in power systems”
International Transactions on Electrical Energy Systems
Int.trans.Electr.Energ.  Syst. 2013; 23:1002-1027 DOI:
10.1002/etep.1635.

[2] Shah-Hosseini, H. “The intelligent water drops algorithm: a
nature-inspired swarm-based optimization algorithm.
International Journal of Bio-Inspired Computation 1(1/2), 71-79
(2009) DOI:10.1504/1JBIC.2009.022775.

[3] U. Guveng, “Combined Economic and Emission Dispatch
solution using Genetic Algorithm based on similarity crossover,”
Scientific Research and Essays, vol.5, no. 17, pp. 2451-2456,
2010.

[4] Hemamalini S, Simon SP. “Dynamic economic dispatch with
valve-point effect using maclaurin series based lagrangian
method”. Int J Comput Appl 2010;17:60-7.

[6] Yang, X.-S. “A New Metaheuristic Bat-Inspired Algorithm”
NICSO 2010. SCI, vol. 284, pp. 65-74. Springer, Heidelberg
(2010) DOI10.1007/978-3-642-12538-6_6.

[6] Karaboga, D. “An idea based on honey bee swarm for

numerical optimization”. Technical Report TRO06, Erciyes
University (October 2005).
[7] Kashan, H.A. “League Championship Algorithm: A New

Algorithm  for  Numerical Function  Optimization”. In:
Proceedings of the 2009 International Conference of Soft
Computing and Pattern Recognition (SOCPAR 2009), pp. 43—
48. |EEE Computer Society, Washington, DC (2009)
DOI:10.1109/SoCPaR.2009.21.

[8] Ehsan A; Mahmood J “An improved cuckoo search algorithm for
power economic load dispatch” International Transactions on
Electrical Energy Systems Int.trans.Electr.Energ. Syst. 2015;
25:958-975; 26:49-78 DOI: 10.1002/etep.1878.

[9] Subbaraj P, Rengaraj R, Salivahanan S, Senthilkumar T.
Parallel particle swarm optimization with modified stochastic

acceleration factors for solving large scale economic dispatch
problem. Int J Elect Power Energy Syst 2010; 32:1014-23.
DOl.org/10.1016/j.ijlepes.2010.02.003.

[10] Gandomi, A.H., Alavi, A.H.: “Krill Herd Algorithm: A New Bio-
Inspired Optimization Algorithm Communications in
Nonlinear Science and Numerical Simulation Volume 17, Issue
12, December 2012, Pages 4831-4845 DOl.org /10.1016
/j.cnsns. 2012. 05. 010

[11] Liang, Y.-C., Josue, R.C. “Virus Optimization Algorithm for
Curve Fitting Problems. In:lIE Asian Conference (2011)

[12]Tayarani-N, M.H., Akbarzadeh-T, M.R. “Magnetic Optimization
Algorithms a new synthesis.In: IEEE Congress on Evolutionary
Computation, CEC 2008, IEEE World Congress on
Computational Intelligence, June 16, pp. 2659-2664 (2008)
DOI: 10.1109/CEC.2008.4631155

[13] Meng K, Wang HG, Dong Z, Wong KP. “Quantum-inspired
particle swarm optimization for valve-point economic load
dispatch”. |IEEE Trans Power Syst 2010; 25:215-22.
DOI: 10.1109/TPWRS.2009.2030359.

[14]Geem, Z.W., Kim, J.H., Loganathan, G.V. “A new heuristic
optimization algorithm: harmony search. Simulation 76(2), 60—
68 (2001) DOI: 10.1177 /003754970107600201.

[15] Belkacem M; Kamel S “Interactive gravitational search
algorithm and pattern search algorithm s for practical dynamic
economic dispatch” International Transactions on Electrical
Energy Systems Int. Trans. Electr. Energ. Syst.2015; 25:2289—
2309 DOI: 10.1002/etep.1961.

[16] Sun J, Fang W, Wang D, Xu W. “Solving the economic

dispatch problem with a modified quantum-behaved particle

swarm optimization method”. Energy Convers Manage 2009

;50: 29672975. DOl.org/ 10.1016/j. enconman.2009.07.015.

Krohling RA. Gaussian swarm“A novel particle swarm
optimization algorithm. In: Proceedings of the IEEE conference
on cybernetics and intelligent systems (CIS), Singapore 2004,
p. 372-6. DOI: 10.1109/ICCIS.2004.1460443.

[18] Higashi N, Iba H. “Particle swarm optimization with Gaussian
mutation”. In: Proceedings of the IEEE swarm intelligence
symposium, Indianapolis, IN, USA; 2003. p. 72-9.
DOI: 10.1109/S1S.2003.1202250.

[19] Coelho LS, Krohling RA. “Predictive controller tuning using
modified particle swarm optimisation based on Cauchy and
Gaussian distributions. In: Soft Computing: Methodologies and
Applications, Springer Engineering series in Advances in Soft
Computing; 2006. DOI: 10.1007/3-540-32400-3_22.

[20] Bhattacharya A, Chattopadhyay PK. Biogeography-based
optimization for different economic load dispatch problems.
IEEE Trans Power Syst 2010; 5:1064-77. DOI: 10.1109 /
TPWRS.2009. 2034525.

[21] Coelho LS, Herrera BM. “Fuzzy modeling using chaotic
particle swarm approaches applied to a yo-yo motion system.
IEEE Trans Indust Electron 2006.
DOI: 10.1109/FUZZY.2006.1682018

[22]Secui Dinu Calin. A new modified artificial bee colony algorithm
for the economic dispatch problem. Energy Convers Manag
(Elsevier) 2015; 89 : 43-62.

[23] Xia X, Elaiw A. “Optimal dynamic economic dispatch of
generation”: a review. Elect Power Syst Res 2010; 80:975-86.
DOl.org/10.1016/j.epsr.2009.12.012.

[24] Sinha N, Chakrabarti R, Chattopadhyay PK. “Evolutionary
programming techniques for economic load dispatch. IEEE
Trans EvolComput 2003;7(1):83—-94.

[25]Park JB, Lee KS, Shin JR, Lee KY. “A particle swarm
optimization for economic dispatch with nonsmooth cost
functions ”. IEEE Trans Power Syst 2005;20 (1) :34-42.
DOI: 10.1109 / TPWRS .2004.831275.

[26] Uma S Beaulah M “Analysis and optimization of economic load

dispatch using soft computing techniques” IEEE Trans Power

Syst 2016 DOI: 10.1109/ICEEOT.2016.7755472.

Pereira-Neto A, Unsihuay C, Saavedra OR. “Efficient
evolutionary strategy optimisation procedure to solve the
nonconvex economic dispatch problem with generator
constraints”. IEEE Proc Gener Transm Distrib
2005;152(5):653-60. DOI: 10.1049/ip-gtd:20045287.

[28] Niknam T. Doagou M, H Zeinoddini, Meymand H.” A new
particle swarm optimization for non-convex economic dispatch
“ Eur Trans Electr Power 2010;21(1):656-79 DOI:
10.1002/etep.468

(17]

[27]

64 PRZEGLAD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 95 NR 6/2019



[29] Gaing ZL. “Closure to Discussion of Particle swarm
optimization to solving the economic dispatch considering the
generator  constraints”. IEEE  Trans Power  Syst
2004;19(4):2122-3. DOI: 10.1109/TPWRS.2004.831708.

[30] Meng K, Wang HG, Dong Z, Wong KP. Quantum-inspired
particle swarm optimization for valve-point economic load
dispatch. IEEE Trans Power Syst 2010;25:215-22. DOI:
10.1109/TPWRS.2009.2030359.

[31] Subbraj P,Rengaraij R, Salivahanan S, Senthikumar
TR.”Particle swarm optimization with modified stochastic
acceleration facrors solving large scale economic dispatch
problem” .Electr  Power Energy  syst2010;32:1014-
23.DOl.org/10.1016 /j.ijepes .2010.02.003.

[32] Kameswara.R, Rao; P. Srinivas; M. S. M Divakar; G S
N.M.Venkatesh.« Atrtificialbeecolony optimization for multi
objective economic load dispatch of a modern power
system » |IEEE Conference Publications 2016 4097 4100.

[33] Dilip K, Nandhini M “Adapting Egyptian Vulture Optimization
Algorithm for Vehicle Routing Problem” International Journal of
Computer Science and Information Technologies, (IJCSIT)
Vol. 7 (3) , 2016, 1199-1204 DOI: 10.15640/jcsit.

[34] Chiranjib Sur, Sanjeev Sharma, and Anupam Shukla “Egyptian
Vulture Optimization Algorithm — A New Nature Inspired Meta-
heuristics for Knapsack Problem” P. Meesad et al. (Eds.):
I1C21T2013, AISC 209, pp. 227 237 -2013 DOI: 10.1007/978-3-
642-37371-8_26.

[35] Z.-L. Gaing, “Particle swarm optimization to solving the
economic dispatch considering the generator constraints,”
IEEE Trans. Power Systems, vol. 18, no. 3, pp. 1187-1195,
Aug. 2003. DOI: 10.1109 / TPWRS .2003.814889.

[36] Victoire .T and A. E. Jeyakumar, “Discussion of particle swarm
optimization to solving the economic dispatch considering the
generator constraints,” IEEE Trans. Power Systems, vol. 19,
no.4,pp.2121-2123,Nov.2004.

DOI: 10.1109/TPWRS.2004.831708.

[37] Amiri M, Khanmohammadi S, Badamchizadeh MA. Floating
search space: A New Idea for Efficient Solving the Economic
and Emission Dispatch Problem. Energy 2018;158 :564-579.

[38] Victoire T, Jeyakumar A E. Hybrid PSO-SQP for economic
dispatch with valve-point effect. Electric Power Systems
Research, 2004, 71(1): 51-59.

[39] Sinha N, Chakrabarti R, Chattopadhyay P K. Evolutionary
programming techniques for economic load dispatch. IEEE
Transactions on Evolutionary Computation, 2003, 7(1): 83—
94.

[40] Duman S, Giiveng U, Yorikeren N. Gravitational search
algorithm for economic dispatch with valve-point effects.
International Review of Electrical Engineering (I.R.E.E), 2010,
5(6): 2890-2895.

[41] Al-Sumait J S, Al-Othman A K, Sykulski J K. Application of
pattern search method to power system valve-point economic
load dispatch. Electrical Power and Energy Systems, 2007,
29(10): 720-730.

[42] Y Labbi,Djilani B,Belkacem M  “Artificial bee  colony
optimization for economic dispatch with valve point effect”
Front. Energy (2014) 8: 449. DOIl: 10.1007/s11708-014-
0316-8.

[43] Sumit B,Deblina M, Chandan K “Teaching learning based
optimization for economic load dispatch problem considering
valve point loading effect” Electrical Power and Energy
Systems 73 (2015) 456-464
doi.org/10.1016/j.ijepes.2015.05.036.

[44] Y Labbi ,Djilani “A Hybrid Big Bang-Big Crunch optimization
algorithm for solving the different economic load dispatch
problems” Int J Syst Assur Eng Manag 2016 DOI
10.1007/s13198-016-0432-4.

[45] Wu Y, Liu G, Guo X, Shi Y, Xie L . A self-adaptive chaos and
Kalman filter-based particle swarm optimization for economic
dispatch problem. Soft Comput 2017; 21(12):3353-65.

[46] Panigrahi B, Pandi VR. Bacterial foraging optimisation:
neldermead hybrid algorithm for economic load dispatch. IET
Gener Trans Distrib 2008;2:556-65.

[47] A AURASOPON, W. KHAMSEN “An improved local search
involving bee colony optimization using lambda iteration
combined with a golden section search method to solve an
economic dispatch problem” PRZEGLAD
ELEKTROTECHNICZNY, R. 95 NR 1/2019.

[48] Mohammadian M, Lorestani A, Ardehali MM. Optimization of
single and multi-areas economic dispatch problems based on
evolutionary particle swarm optimization algorithm. Energy
2018;161 :710-724.

[49] Fesanghary M, Ardehali M. A novel meta-heuristic optimization
methodology for solving various types of economic dispatch
problem. Energy 2009;34:757—66.

[50] Labbi Y., Attuos D.B., Environmental/economic power dispatch
using a Hybrid Big Bang-Big Crunch optimization algorithm.
International Journal of System Assurance Engineering and
Management, 5(4):602- 610, 2014.

[51] Safari A, Shayeghi H. lteration particle swarm optimization
procedure for economic load dispatch with generator
constraints. Expert Syst Appl 2011;38:6043-8.

[52] B. Mohammadi-lvatloo A. Rabiee a , A. Soroudi b, M. Ehsan a
“lteration PSO with time varying acceleration coefficients for
solving non-convex economic dispatch problems” Electrical
Power and Energy Systems 42 (2012) 508-516,
doi.org/10.1016/j.ijepes.2012.04.060.

[53] Yamina A. G. Hamid B 2017. Resolution of economic dispatch
problem of the Algerian network using hybrid met heuristic.
Electrotehnica, Electronica, Automatica (EEA) Vol 65(1),pp.91-
96,ISSN 1582-5175.

[54] Yang, X,. Sadat Hosseini S , Gandomi A 2012. Firefly
algorithm for solving non-convex economic dispatch problems
with valve loading effect. Appl Soft Comput 2012;12(3):1180-6.

[55] Ciornei, |,. Kyriakides E 2012. A GA-API solution for the
economic dispatch of generation in power system operation.
Power Syst IEEE Trans 2012;27(1):233-42.

[56] Raghav, P,. Kedar, NA 2016. Novel hybrid optimizer for
solving Economic Load Dispatch problem.Electrical Power and
Energy Systems 78 (2016) 108—126.

[57] Arago’'n VS, Esquivel SC, Coello Coello CA (2015) An immune
algorithm with power redistribution for solving economic
dispatch problems. Inf Sci 295:609-632.

[58] Pothiya,S,. Ngamroo |, Kongprawechnon W 2008. Application
of multiple tabu search algorithm to solve dynamic econo mic
dispatch considering generator constraints. Energy Convers
Manage 2008; 49:506—-16.

[59] Mostafa D ,S. Aghay , Ehsan T, Nasrudin .A,S. Kaboli,
Ehsan.T, Nasrudin. A“Backtracking search algorithm for solving
economic dispatch problems with valve-point effects and
multiple fuel options” Energy 2016, 637-649.

[60 |Benasla, L,. Belmadani, A Rahli, M 2014. Spiral Optimization
Algorithm for solving Combined Economic and Emission
Dispatch. Electrical Power and Energy Systems 62 (2014)
163—174 doi.org/10.1016/j.ijepes.2014.04.037.

[62] Chatterjee, A,. Ghoshal, SP, Mukherjee, V 2012. Solution of
combined economic and emission dispatch problems of power
systems by an opposition-based harmony search algorithm.
Electrical Power Energy Syst 2012;39:9-20.

[63] Niknam, T. A new fuzzy adaptive hybrid particle swarm
optimization algorithm for non-linear, non-smooth and non-
convex economic dispatch problem. Applied Energy, 2010,
87(1): 327-339.

[64] Sayah,S A.Hamouda,A Bekrar 2014. Efficient hybrid
optimization approach for emission constrained economic
dispatch with nonsmooth cost curves. Electric Power Energy
Syst 2014;56:127-39.

PRZEGLAD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 95 NR 6/2019 65



