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Solving Environmental Economic Dispatch Problem Using an Improved

Particle Swarm Optimization Algorithm Based on Grey Wolf Optimization
LIU Hongling, SHI Weiguo "
(School Electrical Engineering, Dalian Jiaotong University, Dalian 116028, China)

Abstract ;. [Objective] To effectively solve the environmental
economic dispatch problem in power systems, this paper
proposed an improved particle swarm optimization ( PSO)
algorithm based on grey wolf optimization (GWO) to optimize
both the fuel costs and pollutant emissions. [Methods]First,
the refracted opposition-based learning of refraction was
applied to the initial particle swarm to generate inverse
solutions, hereby enhancing population diversity. During the
algorithm ’ s iteration process, the GWO algorithm was
combined with PSO to guide the elite individuals in the
particle swarm to conduct optimal searches, improving PSO’ s
optimization capability and convergence accuracy. In the later
stages of the algorithm, to address the drawback where the
particle swarm easily fell into local optima, Tent chaotic
mapping was used to perturb the optimal particles. The
individual best and global best positions of the particle swarm
were then updated based on the fitness values. [Results] The
improved algorithm was applied to 6-unit and 40-unit
generator systems with different load demands. The
convergence curves of the proposed algorithm, PSO
algorithm. And GWO algorithm were compared for solving the
power system, and the results showed that the proposed
improved algorithm converged to the optimal value more
quickly and resulted in the lowest fuel cost. [Conclusion ]
The improved algorithm proposed in this paper effectively
solves complex constrained optimization problems and

performs well in optimization accuracy and stability.
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Tab.1 Test data for 6-unit generator systems( P, =2.834 p.u.) "
EWIFE  P/(pa) PP/ (pu) a b a; Bi Vi & A,
Gl 0.05 0.5 10 200 100 4.091 -5.554 6.490 2.0e-4 2.857
G2 0.05 0.6 10 150 120 2.543 -6.047 5.638 5.0e-4 3.333
G3 0.05 1.0 20 180 40 4.258 -5.094 4.586 1.0e-6 8.000
G4 0.05 1.2 10 100 60 5.326 -3.550 3.380 2.0e-3 2.000
G5 0.05 1.0 20 180 40 4.258 -5.094 4.586 1.0e-6 8.000
G6 0.05 0.6 10 150 100 6.131 -5.555 5.151 1.0e-5 6.667
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F2 6 BLKBHARMMBIEA(P,, =2.834 p.u.)
Tab.2 Optimal fuel cost for 6-unit generator systems (P, =2.834 p.u.)

SRR ACH: MBFA'" NGPSO''2 psol®! ISMA®! MOTSA 2
Pg, 0.121 1 0.114 1 0.120 9 0.123 1 0.121 0 0.098 2
P, 0.286 3 0.310 8 0.286 3 0.289 9 0.286 6 0.308 9
. N Py 0.583 6 0.599 4 0.583 5 0.583 3 0.583 8 0.519 4
AR %/ (o) Pe, 0.992 5 0.981 6 0.992 8 0.984 0 0.992 5 1.030 6
Ps 0.524 1 0.504 8 0.523 9 0.523 7 0.523 2 0.517 1
P 0.3517 0.3559 0.351 8 0.3515 0.352 1 0.385 7

WRBURA/($ -h7!) 605.998 3 607.670 0 605.998 3 606.006 0 605.998 0 605.976 1
TSy (b 0.220 7 0.219 8 0.220 7 0.220 0 0.220 6 0.223 0

*3 6 B ABEHNARRTLHRME (P, =2.834 p.u.)
Tab.3 Optimal emission for 6-unit generator systems (P, =2.834 p.u.)

SR ARCH L MBFA ] NGPSO''? psol®! ISMA! MOTSA "]
P, 0.401 9 0.405 5 0.410 9 0.418 5 0.409 0 0.431 4
Pg, 0.456 0 0.460 9 0.463 6 0.433 2 0.467 8 0.460 7
. Pes 0.567 3 0.544 4 0.544 5 0.527 9 0.536 3 0.5519
KA A/ (pou.) Py 0.379 0 0.389 6 0.390 3 0.436 2 0.385 8 0.409 4
Ps 0.560 8 0.544 0 0.544 4 0.536 7 0.553 5 0.509 7
P 0.503 2 0.513 4 0.515 4 0.516 8 0.516 6 0.511 2

WRRURA/($ -h7") 645.700 7 644.430 0 646.210 0 642.339 1 646.660 9 646.909 7
‘]?i{&ﬁﬁﬂlg‘/(t-h’]) 0.194 2 0.194 2 0.194 2 0.194 3 0.194 2 0.194 3

3R 2 AT FEORIEAAR i 15 e HE = T, A%
SCRHSRAG BRI hy 605.998 3 $ /h IR T
MBFA #1 PSO 5.3, 5 ISMA 1 NGPSO 5. F
S W& 7 T MOTSA ,{H MOTSA 75 4L HEi 2 8 T
ARICEIEEER

2 3 W AR SCRE I R TS Y HERCE: R
0.194 2 t/h, ik F PSO Bk 5 MOTSA M1 H.25
J; 5 MBFA \NGPSO Bk DL K ISMA 45 45
AHIA] B A SR AR AR T NGPSO 3034 |
ISMA F1 MOTSA BYRAEHRLAS AT WL, AR SCE5E AH
BT HAD S A BRI TE S

PRAB pw BUEIEF (0,17, Hu=1 K},
RN LSRR SA S H bR R 5L 5 w=0 B, &
HLLZL LAV e HEc oy BAn R, A5 31z & f
ML Pareto RV, K w M O 2 1 [A]FH 0.1 HUE,
FEHARSCRR AT 05 L, 1951 6 BT & HU LA A
o SO TRV B 6 7 PR s AR LA B 75 G HE il 2,
k4 iR,

K146 Huk BN Pareto fHEEN AL
AT 8 2 o8 6 BAIT R FALALFE Fumr s ok Ry 2.834
p.u I ARSI 4 el i Bk PSO BEE R GWO A
ERINL eI

R4 TR p 3R EIRBIR AR SR E

Tab.4 Fuel cost and emission for different p values

uw P /(pu) Pg/(pu.) Pg/(pu) Pg/(pu) Pgs/(pu) Pgg/(pu.) RRLSA ( $ h! ) (Q%:}’:ﬂ:ﬁj{i/([h’l)
1 0.121 1 0.286 4 0.583 6 0.992 5 0.524 1 0.3517 0.220 7 605.99
0.9 0.196 8 0.340 8 0.553 7 0.851 7 0.524 7 0.392 0 0.208 9 608.54
0.8 0.247 6 0.379 6 0.539 8 0.752 0 0.522 2 0.419 6 0.202 9 613.29
0.7 0.284 3 0.407 7 0.530 8 0.680 3 0.519 7 0.439 5 0.199 6 618.23
0.6 0.311 6 0.428 6 0.524 3 0.627 7 0.517 8 0.453 5 0.197 7 622.67
0.5 0.334 0 0.447 2 0.519 3 0.584 0 0.515 1 0.465 4 0.196 5 626.93
0.4 0.351 5 0.460 9 0.516 2 0.549 5 0.5132 0.474 7 0.195 7 630.67
0.3 0.365 6 0.473 1 0.513 5 0.521 1 0.5117 0.482 0 0.1952 633.80
0.2 0.377 5 0.482 8 0.5115 0.497 7 0.510 5 0.488 0 0.194 9 636.61
0.1 0.387 9 0.491 1 0.509 3 0.477 7 0.509 4 0.493 3 0.194 7 639.15
0 0.401 8 0.4559 0.567 3 0.378 9 0.560 8 0.503 2 0.194 2 645.70
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B 1 6 BTk EYA Pareto fEEE

Fig.1 Pareto optimal set of 6-unit generator systems

B2 P,..=2.834 p.u. BB S %
Fig.2 Convergence curves of 6-unit generator systems
(Pyoa=2.834 p.u.)

A 2 AT, A SCRE He PSO B EEFT GWO
R b S S B B (R, ELRRE A T

R 5 WA A S NGPSO 51 \MBFA
FNAE SZ A HE 40 7 56 & ( Non-Denominated Sorting
Bacteria Foraging, NSBF) 2"/ B9 75 fc Al 47 22 it it
AR A IS G HR O B 7 ELAE RN L

x5 6 BTKBHARMRITEME(P,,.=2.834 p.u.)
Tab.5 Optimal compromise solutions for fuel cost and
emission minimization for 6-unit generator

system (P,,,=2.834 p.u.)

BB AR T5 e HECR/
RN (s ) (b
AR 613.290 0 0.202 9
NGPSO'2 623.870 5 0.196 9
MBFA[" 616.496 0 0.200 2
NSBF2!] 617.953 1 0.200 0

M3 5 IR AR SCRE A e LT R i (495
GeHemce: He HAB T L g, (HRRL RO B A
I, AR S X T A =R Bk i Oy B A

B ) R IE
3.2 MiKES% 2

WA ST B Bk T &R G g i ok
1 000 MW F1 1200 MW [ 6 AT A& FEL AL (0 3
ARG, H IR B AL W R 5 L R BT
BRZ A, ML 2 B0 LA B HoAth i A B8 an & 6
FR

£ 6 6HBITAKBIANREEP,,,=1000MW & P,,,=1200 MV) "
Tab.6 Test data for 6-unit generator systems (P,,,=1000 MW & P, ,=1 200 MV )"

FHAFS Pt /MW P /MW a, b, ¢ a B Y,
Gl 10 125 756.798 86 38.53975  0.15247  0.00419 032767  13.859 3
G2 10 150 45132513 46.159 16  0.10587  0.004 19 032767  13.859 3
G3 35 225 1049.9977  40.39655  0.02803  0.00683  -0.54551  40.266 9
G4 35 210 12435311 3830553 0.03546  0.00683  -0.54551  40.266 9
G5 130 325 1658559 6 3632782  0.02111 000461  -0.51116  42.8955
G6 125 315 1356.6592 382701  0.01799  0.00461  -0.51116  42.8955

R G w5 oK 1000 MW B, 4351 LA
e U5 YL HE & A PR A R Dk B A, 8
AR ST A A A B ) L2 SR At SRk
@fﬁﬂ@ﬁj{ﬂﬁ{j&( Firefly Algorithm, FA) (1] g
IF 809 (Bat Algorithm, BA) 'Y (945 EL4E k47 %t
L, ZEHhns 7 Fg 8 iR,

H % 7 v, LA s e HE ik o A4k B AR
B, A SCRDR R B AS Oy 554 56.48 $ /h, fIKF
FA F1 BA; V5 4e ki i &y 837.77 v/h, 5 FA Hl BA
P,

H13¢ 8 WIAN, DR AS 4k H FRA

ASCHIERE A 554 56.48 § /h, T L FA
FBA FRRE A W 25, (H AR SCHE 3 19 75 G HE i
HALT FA M BA,

9 MBS RG TR 1000 MW, A3C
JIr 42 B3k 5 18 W 5809 ((Grasshopper Optimization
Algorithm, GOA) ™' | [ i& 1 & F ki T £ 1k
( Quantum Particle with
Adaptive Local Attractor, ALA-QPSO) & ¥
e 7R F 0 AL B ( Enhanced Quantum Particle
Swarm Optimization, EQPSO) %3k | #% J i Al
1§ % A ( Firefly and Bat Hybridization, HYB) &

Swarm  Optimization
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12" ALK RRA ( Runner-Root Algorithm) ‘' 7E 5 )
TR A R JSAS 075 e HE il Y 0 EL 45
X
F7 6 R ABIARMLTLEHEME(P,,,=1000 MW)
Tab.7 Optimal emission for 6-unit generator systems
(Pa=1 000 MW)

ELE ARk FAY BAMY

Pg 125.0000  125.0000  125.000 0

Pe,  150.0000  150.000 0 150.000 0

KB IIR Po 157.0474 1562191  156.270 4

MW Po, 1545639 1552644 1551559

Pos  224.061 4 224.0618  224.057 7

Pge 2240899  223.1839  223.2458

BRRLRA/( $ -h™')  55456.48  55456.64 55 456.49
VE UG/ (b7 837.77 837.77 837.77

*8 6 BILABINARIEREAE(P,,=1000 MW)
Tab.8 Optimal fuel cost for 6-unit generator systems
(Pa=1 000 MW)

SRR AR FAMY BAMY
P;, 413885 41.1577 41.168 3
Pe, 276199 27.785 6 27.783 5
KEPUE TR Pg; 1887534 186.564 1  186.950 0
/MW Pg, 1708131  170.579 7  170.578 7
Pgs  308.6675  310.8197  310.8257
Pge 3021717  302.5749  302.553 0
PRELRA/(§-h7')  52361.54  52361.25  52361.12
EYHEE/ (k) 1021.41 1022.48 1 022.46

x99 6 BUABNARRITERR(P.a=1000 MW)
Tab. 9 Optimal compromise solutions for fuel cost and
emission minimization for 6-unit generator
systems (P,.,=1 000 MW)
PORLIA/ T HE

k4R B .
($-h") (t-h™)
EN'E =R/ 51 073.954 0 810.993 4
PsSO#! 51 269.600 0 828.863 0
KEELIH  coAP! 51 833.810 0 834.790 0
ALA-QPSO!*! 51 265.400 0 827.090 0
EQPSO™)  51274.2420 826.646 3
AR 53 462.449 0 843.846 3
FALY 54 124.280 0 851.530 0
% R BAl! 54 124.120 0 851.530 0
HYB!! 54 124.130 0 851.530 0
RRA®! 54 121.101 0 851.194 2

1% 9 N HL, 1625 LR B RN oK 25 FE AR 45 P P
1L, A SO A X T A SR 1 7 B s 14 2L
A BRI,

3 Sk 6 Hotk ML FE T farmg =K 4 1 000 MW
i, A SCEL: PSO BEA GWO BEIShZE

B3 P,.=1000 MW BRI & #h 2k
Fig.3 Convergence curves at P, =1 000 MW
ML 3 BIHT A SCR AR SGE FE I L PSO
LS GWO FIE DL, R A TEAL
B R G i >R 1200 MW B, 43 51 LU
e A5 Y HE A & AR LR R AR S AL B b, 8
AT B A A 2 ) 45 L SR A A SRR Y
B DE' NGPSO' ™ B3k 1 BL45 SLHEAT %)
bb, Z5 sk 10 Fnge 11 fioR, o« =" 5%
SCHRAS P AR AR 2R
10 6 BABENARMKESTEHERE(P,,=1200 MW)
Tab. 10 Optimal emission for 6-unit generator systems
(Pa=1200 MW)
e C AR DE'2! NGPSO!'?
Pe, 124.999 8 125.000 0  125.000 0
P, 150.000 0 150.000 0 150.000 0
KEHEIE TR Pg 200.827 8  201.1816  210.268 4
/MW P, 199.179 8 199.545 4  199.368 9
Pes 289.513 1  287.6191  287.9712
P 285.649 1  286.8137  286.549 9

WRBLAS/( $ -h7') 65 990.862 3 - .
VY HECE/ (t-h7')  1240.671 7 1240.700 0 1 240.700 0

211 6 ATEBINARMMBMA(P,,=1200 MW)
Tab. 11 Optimal fuel cost for 6-unit generator systems
(Pa=1200 MW)

SHE TR AR SR DE!!2 NGPsot!

Pg, 80.733 8 84.435 4 80.754 0

P, 87.711'5 93.363 8 87.691 1

RAENHHIIE  Po 210.000 0 225.000 0 210.000 0
MW Pe, 225.0000  209.999 5  225.000 0

Pes 325.000 0 325.000 0  325.000 0
Pes 325.000 0 314.999 8  325.000 0

WRRLEAS/($-hT')  63975.8447 64083 63975778 8

SR/ (t-h7!) 1 .360.066 5 - .

H13% 10 AR, ARRORDSCA S 0 AL H AR, A

SCRE B RRBUASIR T DE 83 5 NGPSO ik
FEARFFF ih3 11 mgn, RIS gk s itk A
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Frmf, A SCH vk B 5 g R R T DE BUE A
NGPSO B,

R 12 BRI RGELMTTT RN 1200 MW, A&
SOPHRFE S NGPSO ™ Hik | £ H bR 22 43 AL
( Multi-Objective Differential Evolution, MODE ) %
2 ALA-QPSO Bk Pl K& EQPSO™ Bk 1
AT R I AL AR A5 G HE O B 07 FL 45
RXTLE
x12 6 BTREHARMITRE(P,,,=1200 MW)
Tab.12 Optimal compromise solutions for fuel cost and

emission minimization for 6-unit generator
systems (P,,,=1200 MW)

(ERFTA BRBLEA/($ -0 TR/ (b
ARSCH 65 636.680 4 1213.628 1
NGPSO!!? 66 538.340 3 1228.365 4
MODE!?! 64 843.000 0 1 286.000 0
ALA-QPSO[? 65 095.100 0 1276.180 0
EQPSO'? 64 979.842 0 1279.317 7

% 12 A HIAR SO 075 e HE R AIK T H
b PUFRAE

Kl 4 b6 ¥tk LA 7E w5 ok 1200
MW B, AR SCHE % PSO BIE M GWO 3k i ke8¢
(IS

B4 P,,=1200 MW BT HH 84 B 2%
Fig.4 Convergence curves at P, ,= 1200 MW

& 4 AR A SCREE AR SGH FE I L PSO
S GWO Bk, HARE AR
3.3 MWiXES3

WA SCIRE N T RS 3Ch 10 500 MW
(i) 40 BT K FALALAYIINR R 40, % 18 2 L HLAL i)
o) LR HLA S EOR I A A K T
SR 1]

53 AR 15 G HE R A S LR A Ry R
A B BR  H A ST 44t el gk 3945 31 04 45 L5 SR f0
Fofih SC Rk (9 B FH A9 MBFA'™®  NGPSO'™ # 1k |
PSO "V FHE LI ISMA L A4 EL 45 b AT % L, 4%
RANFR 13 MK 14 Frow, Ho <=7 22 30k
P BB ALG

R13 40 BT R BNARARER A

Tab. 13 Optimal fuel cost for 40-unit generator systems
SRR AR MBFA["! NGPSOL'% psots! ISMA !
P, 110.848 3 114.000 0 113.900 2 110.928 111.997 5
P, 112.250 6 110.803 5 113.999 8 110.980 112.093 8
Py 97.491 6 97.400 2 97.548 0 97.401 99.5133 3
P, 179.732 9 179.733 3 179.751 9 179.733 180.249 7
Pes 92.421 3 87.807 2 95.637 8 87.948 90.3285 7
P 139.999 4 140.000 0 139.999 9 140.000 139.999 5
Pe, 259.662 2 259.600 4 299.999 4 259.602 300.000 0
Peg 284.617 4 284.600 6 286.690 3 284.600 288.640 1
Peo 284.653 2 130.000 0 285.163 8 284.600 286.200 0
K BB H D)%/ MW Pgio 130.000 9 168.799 9 130.000 0 130.000 130.005 2
Py 94.0051 4 168.799 8 94.000 0 168.800 168.797 7
Pep 168.802 3 214.759 8 168.809 8 243.600 94.121 46
Pers 214.743 6 304.519 5 125.000 5 214.760 125.000 1
Pow 394.279 0 394.279 4 304.633 2 394 280 394.276 8
Peis 394.273 3 394.279 4 394.292 0 394.279 394.295 2
Pers 394.280 9 489.279 4 394.278 6 304.520 304.567 3
Perr 489.283 1 489.279 4 489.493 3 489.280 489.347 2
Peis 489.292 4 511.279 5 489.319 1 489.280 489.275 9
P 511.314 3 511.279 5 511.276 9 511.280 511.360 9
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BEAFR AR MBFAL"! NGPSOL ' psots! ISMA !

Pero 511.295 4 523.279 4 511.288 8 511.280 511.323 0

Py 523.300 8 523.279 4 523.458 8 523.280 523.327 1

Pey 523.314 0 523.279 6 523.495 7 523.280 523.354 6

P 523.289 5 523.279 5 523.302 7 523.280 523.457 6

Py 523.277 1 523.279 6 523.320 3 523.279 523.289 3

Pes 523.302 9 523.279 4 523.395 3 523.279 523.565 1

P 523.315 2 523.279 5 523.305 8 523.280 523.351 8

Pey 10.000 0 10.000 1 10.022 9 10.000 10.000 55

P 10.000 0 10.000 2 10.016 1 10.000 10.000 08

Pero 10.000 2 10.000 2 10.000 0 10.001 10.000 0

S HLHLER T2 MW Py 90.362 7 89.507 0 97.000 0 88.008 96.999 46
Py, 189.999 1 190.000 0 189.992 0 190.000 189.999 0

Pey 189.999 9 190.000 0 189.999 7 159.758 189.999 8

Peys 189.999 9 190.000 0 190.000 0 190.000 190.000 0

P 165.190 8 164.802 6 196.283 9 164.806 199.996 9

Ps 165.600 8 164.803 5 199.999 5 165.044 199.998 7

P 165.002 7 164.829 2 199.999 9 165.069 199.999 7

Pey 89.510 6 110.000 0 109.999 9 110.000 110.000 0

P 109.998 8 110.000 0 109.999 9 89.317 109.998 5

P 109.999 9 110.000 0 110.000 0 89.892 110.000 0

Peao 511.285 8 511.279 5 511.315 0 511.280 511.277 8
BRBLEA/($ -h7h) 121 410.563 0 121 415.653 121 513.48 121 627.99 121 546.89
YR/ (1-h 7Y 358 397.032 7 356 424.497 - 349 474.72 359 501.02

F14 40 BT REHNASETREARE

Tab. 14 Optimal emission for 40-unit generator systems

EEA AR SCE MBFA["! NGPSO''? psots! ISMA'Y!

P, 113.999 9 114.000 0 113.998 8 114.000 114.000

P, 113.999 9 114.000 0 114.000 0 114.000 114.000

Py 119.999 5 120.000 0 120.000 0 120.000 120.000

Pey 169.395 2 169 367 1 169.348 4 169.053 169.336

Pes 96.999 9 97.000 0 97.000 0 96.986 97.000

P 124.466 3 124.263 0 124.172 9 124.282 124.377

P 299.833 4 299.693 1 299.818 1 299.974 299 777

Py 298.027 9 297.909 3 297.975 7 299.143 298.041

Peo 297.265 7 297.257 8 297.237 9 297.100 297.188

Pewo 130.002 8 130.000 7 130.000 0 130.328 130.000

Py 208.405 7 208.421 0 298.443 5 297.945 298.440

Pep 298.005 0 298.026 4 298.013 4 298.377 297.925

Py 433.559 2 433.559 0 421.632 0 432,512 433.391

Po 421.490 4 421.736 0 422.798 6 422.957 421 759

Pgs 422,749 1 422.788 4 439.506 5 422.568 422.889

Pere 422771 6 422.784 1 439.442 5 421.844 422.615

Pgiy 439.390 9 439.407 8 439.169 4 440.433 439.462

P 439.384 2 439.413 2 439.430 6 441.019 439.423

Pgo 439.434 5 439.411 1 439.366 7 439.777 439.450

. o - 620 439.364 3 439.415 5 439.366 7 439.324 439.396

AL R/ MW Py 439.451 08 439.442 1 439.378 3 440,824 439,632

Pey 439.439 80 439.458 7 439.878 3 438.398 439.268

Py 439.751 7 439.782 2 439.823 2 439.397 439.607

Pioy 439.752 3 139.769 7 439.878 3 440.782 439.916

Pos 440.111 8 440.119 1 440.196 6 439.729 440.099

P 440.164 4 440.121 9 440.236 5 438.262 440.204

Piy 28.994 8 28.973 8 29.058 3 29.192 29.026

Pos 28.970 5 29.000 7 29.095 6 28.060 28.816

P 29.001 0 28.982 8 28.943 8 29.153 28.993

P 96.999 9 97.000 0 97.000 0 96.998 97.000

Pex 172.320 3 172.334 8 172.244 0 172.006 172.244

Pey 172.313 5 172.332 7 172.311 9 171.379 172.327

Py 172.339 2 172.326 2 172.368 1 172.551 172.358

Pea, 199.999 9 200.000 0 200.000 0 200.000 200.000

Pess 199.999 9 200.000 0 200.000 0 199.997 200.000

Pse 199.999 9 200.000 0 200.000 0 199.994 200.000

Pey 100.841 7 100.844 1 100.820 7 100.552 100.950

P 100.780 9 100.834 6 100.901 8 101.000 100.868

Py 100.822 8 100.836 2 100.822 9 100.316 100.884

Pey 439.397 0 439.386 8 439.389 5 439.787 439.337
PRBA/ ($ -h7h) 129 951.31 129 995.00 - 129 937.64 129 948.69
HYHECE/ (1h ) 176 682.49 176 682.26 176 682.52 176 708.03 176 682.67
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1 13 Al 0, DL AR A S A4k H AR
I, AR SCH 2 A RBE AR S8 T HoAb %, i
14 " DL s B e o oA H bRy A
SCHE Y 75 G HE R AR T NGPSO 53 3% | ISMA
I PSO 3k W = T MBFA  {H A SCHE Ik 1 1k Rt
JEAS L MBFA S, AT UL, A SCHT Bk B #00R
ITE 4t

%15 N R GG R 10 500 MW i
ARICFHRF L5 NGPSO Fak! ) 2tk i ik
BE L f& ( Linearly Modulated Particle Swarm
Optimization, LMPSO) % 1) QPSO %3 ™" LA
Kol 3 1 JE 25 U % 58 5 ((Optimization Without
Penalty-Based Optimization by Morphological Filter
Algorithm, OWP-based OMF) [27] TE B P AT 9 f 1t
AR AR AR FT5 G HE i A O LA SRR LE

R15 40 BT K EYARRITRR

Tab.15 Optimal compromise solutions for fuel cost and

emission minimization for 40-unit generator system

Bk A BRBLEA/($ -h™!) TS5/ (b7
ARICE 127 371.151 9 184 112.127 8
NGPSOL'2 129 277.629 9 177 325.440 4
LMPSO"2¢! 124 668.236 5 219 048.644 0
QPsol2!] 129 544.546 7 176 886.720 8

OWP-based OMF %] 128 595.972 4 178 557.223 0

1 2% 15 AR, AR SOOIk 1 i e HE il I F
LMPSO 535, BABHA R T NGPSO 3% . QPSO
M OWP-based OMF

KIS ok 40 B0 % B HLA 7 B for T oR N
10 500 MW B, AL PSO Bk H GWO 5
PRk

B 5 40 5T%k BB 4H s 2k
Fig.5 Convergence curves of 40-unit generator systems
HI Pl 5 AT AR SCERL AR S0 B | L PSO
[E GWO Bk, HARR A A,

4 5iE

ASCHEH T —FhIET GWO B9kt PSO 53k
PLSR IR BT 20 05 I B2 (), FER) B Fre s | AT S
J ) e R AR A Bl 5T A GWOo Bk S
TRl B S, DT B 41 A A vk 1) 2 SR 8 R 5 Ry
ARG A8 %, 3 = f 09 0 o, K elcidE g PSO B3
PN EIE S R G 4 A TEPREG 5 H AR
BLHEATXF L, 45 5 3R B AR ST B 5812 B B 4 i
PG ZRAF A ) 8, AE SRS AR 1 O Tl
A BRI,

2 % X ok
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environmental economic dispatch

The economic dispatch problem plays a vital
role in power systems, as it optimizes the output of
thermal power plants to meet power system demands
while minimizing fuel costs. Power plants use non-
renewable fossil fuels such as coal, oil, and natural
gas for power generation, which produce gaseous
pollutants like sulfur oxides, nitrogen oxides, and
carbon  dioxide,  negatively  impacting the
environment. Therefore, reducing both operational
costs and pollutant emissions in power systems has
trend.  Environmental

become an inevitable

economic dispatch is a nonlinear, strongly
constrained, multi-objective optimization problem
with multiple peaks.

( PSO)

algorithm demonstrates good performance and strong

The particle swarm optimization

robustness in  solving optimization  problems;
however, it has a tendency to fall into local optima.
To address this
improved PSO

optimization ( GWQO) , enhancing the PSO algorithm

issue, this paper proposed an

algorithm based on grey wolf
in three areas: First, refracted opposition-based
learning was introduced into the initial population to
generate opposite solutions of optimal particles,
expanding the potential search area and increasing
diversity, which effectively improved the global
optimization performance of PSO. Second, based on

fitness values, the top three elite individuals in the

particle swarm were selected as guides in the GWO

search process to compensate for the PSO algorithm’ s
limitation of tracking only the individual best and
global best, thereby enhancing both local and global
search capabilities. Third, in the later stages of the
search, Tent chaotic mapping was used to perturb
the optimal particles in the population, updating the
positions of the individual and global optima based on
fitness values.

This paper first established a mathematical
model for environmental economic dispatch, aiming
to optimize fuel cost and pollutant emissions, and
used penalty factors to transform the bi-objective
optimization problem into a single-objective problem.
Subsequently, the PSO algorithm was improved from
three perspectives. Finally, to verify the performance
of the proposed algorithm, it was applied to 6-unit
and 40-unit generator systems with different load
demands, and the simulation results were compared
with  scheduling schemes obtained by other
optimization methods. By comparing the convergence
curves of the proposed algorithm with those of the
PSO and GWO algorithms for 6-generator and 40-
generator power systems, the proposed improved
algorithm converged more quickly to the optimal
value and achieved the lowest fuel cost. Simulation
results showed that the proposed algorithm effectively
addressed

problems, demonstrating strong performance in terms

complex  constrained  optimization

of optimization accuracy and stability.

S10
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