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Improved grasshopper optimization algorithm based on dynamic penalty
factors to solve economic load dispatch and combined economic emission
dispatch problem

LI Bin', LIU Wen—shengl, WANG Jie—shengQ, GUO Sha-sha®

(1. College of Industrial and Commercial Management, Dongbei University of Finance and Economics,
Dalian 116012, China; 2. School of Electronic and Information Engineering, University of Science and Technology
Liaoning, Anshan 114051, China)

Abstract: The cost of various fuels is increasing gradually in the operation of the electric power production unit,
so it is necessary to minimize the cost function to solve this kind of complex economic load dispatch problem. An
improved grasshopper optimization algorithm (GOA) based on dynamic penalty factors is proposed to solve the economic
load dispatch (ELD) problem and the combined economic emission dispatch (CEED) problem. In order to improve the
performance of the GOA, an improved hybrid grasshopper optimization algorithm (HGOA) is proposed. The gravity
search operator and pigeon landmark operator are added into the GOA to enhance the search ability of the algorithm, and
balance the exploration and development of the algorithm. At the same time, in order to solve the constraints in the ELD
and CEED problems, six penalty functions are proposed, including two V-shaped functions, arc tangent functions, arc sine
functions, linear functions and the quadratic function, and the dynamic penalty strategy is used to replace the traditional
fixed value penalty strategy. Three cases of the ELD problem and four cases of the CEED problem are presented to
verify the effectiveness of the proposed method. Experimental results show that the HGOA performs better in terms of
the solving quality than other meta-heuristic algorithms, and the dynamic penalty strategy performs better than the fixed
value penalty strategy.

Keywords: economic load dispatch; combined economic emission dispatch; grasshopper optimization algorithm; dynamic
penalty factor; constraint problem; generation of electricity
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2855 41 fuf I £ (economiic load dispatch, ELD) #&
L 77 5 40 R (1) — /> B B ), O 2 S bR 2 LR 2
A TR SRR 12 AT 29 0 1 [R i 45 % AL 4 1 A R R
A fie /Y. ELD FAFAEAR 25 [ EURT 20 3, G0 1 i RO
AR R XN P FE 55, A Oy — N AR A 17
RO AR MEAS FH A% G0 D7 iR R . DR, AR 2 3 g AR
SR R SR ELD [l 8, 345 21 7 AR 2 B 28501
Fesanghary %52 $& tH — F 1 75 48 & (harmony search,
HS) 52 fif ¥ ELD [0 @, I 56 4 1 Fr 4& th 77 3 1
A R, Reddy S0 H2 1 — Fi ok HU B (firefly
algorithm, FA) fi# ¥ ELD [n] /8, 5 I Aih A 46 & 7% A
b, FA B A B A B M I A%, Nischal S84 2 H T
— Fh SR A R AR A7 A 0 T [ R R SO AR A A R 107 ¥
FE SR AR50 & b AR CA SCHRHRAE A FE A B0 R T
I, A ESCHER T DU Y, B Be A0 SRR AR R T 2 0%
A ) RS A AR B R SR I, SR T IX L T VAR B BN =)
s f A, AR AR B R A A

Wi 5 A 55 I R 7 B, H AR R E AR
JSCAS P [R] B 38 I R& 428 il 5 G0 B FE TR, /It 346
BE0)T5 3. B FT R I, vT DR H B ek SRR K F &R
G 1 S B i [, 0t SR g 7 2, FL A v i o 2 A 5K
R 2 5 HEiCBE & 1 ¥ (combined economic emission
dispatch, CEED) [] @ 5 i1 5 7%. Parvez 55§ tH | —
AN B BUK B R B AL 46 B (quantum  particle
swarm optimization, QPSO) fift ¥t T ¥F £ 2 ML 1) 34 5%
ZEUT R IR AL STk [6) FE T AR TR R
AELRR) s 055 7% (quantum-behaved bat algorithm, QBA)
figé ke CEED [ &, 47 3 52 56 45 R R W, 4 Y QBA fif 4
CEED [ B £ R it Jo . &5 A0 550 1k € U7 1 129
PET-HAth 757%. Houari E 3 H T —F A 31 54510
T W I S R R B, RO et 1R Bl A R S 4
Z 53 (improved dynamic harmony search algorithm,
IDHSA), 11T~ BA % A e ) ELD 7). |3k 2
HR K FH ) S 0 3 e A A SRR R AT el mT DA 5 A
AR R RE ), P IS Sl B AN 2 2. (H 2, iX 28
T3 R kAT 1 ik, I A % ELD i) @
FRI 2 AL R Y BB 4 AR T V5.

TEX BT D 1) (R B 38 B 1% 7 FE X 29 3 1]
RO AR B 38 R B A T BRSO £ O ) AT AL B,
FR /N IR FEXT T Ab BE 2 5 1) # E B 2L SOk [8]
IEHE T AN E B AE T 24 I MAH B A& T ek ok
HEF HIE LR SR % A TR B R B SEI A Re R B S
&R S BT, AR T A T 1

4] ST 0 S92 A vk ELD A CEED [1] /8, Ky 7 ) 48 %
RSS2 - AR B 7 5\ GOA it i
T, 38 m EVE M A R IR R A 77, 8 S ba N R i A, I
B S B PR AN T . (R 32 HE B 2S48 1) SR g
AR5 A G 1) 1 2 A1 108 51 SIS, de i 3 et 47 L S BR B0 AIE
JIT 4 th Fa 111 S e AR A I e B ) A 81
1 ZF50FR RS HERE AR R R R
1.1 &FofriAE o)

ELD [7] & (1) H A A2 77 2 1747 75 SR A0 2 2% A
B LR R AR B ME. R IR R R R, K
LML ZEL AT R A B N

Min F; = min <Zai + B P; + ’yin). (D
i=1

Forn: By N BRRLE A, P o5 0 6 K BUHLZE I H
Thag, n NR BHHLAREE, o B Fly NG RHE
BLZH IR As 2230

1.2 Z5FHEEA & EE o)

CEED J& ' 72 F8 75 1 & & 6 faf 75 SR L R 4 s 2%
PET, AR AR 5 G ) HE T #0031 B /16
AR SCTG P HE B 8 SOy NO,, Fi1 CO,, K I,
CEED [l @45 4 M Ak B bR, BRORECA 88 50H = IR
U] bR B T, SR AR T LR R N

Fy(P)=>a;P*+b:P’ + ciP; +d;.
i=1
Ho: poRs & R AL hE, n o R LA
ML, i~ by ¢~ di NER T 6 R FRHLA IR AR 2R
#. SO2NO, M1 CO, HERE B

Eso0,(P) = Z es0,i P + fs0,: P+
i=1

2

950, P + hso,i,

n

Exo, (P) = Z exo,iP® + fno,i PP+

i=1

9gno,i P + hno,i,

Eco,(P) = Z €co,i P’ + foo,i P+

=1
9c0,iPi + hcoyi- (3)
Hh: FEso,(P)s  Exo, (P) M Eco,(P) 73 524 SOz
NO,, F1CO, MHEBEREL; es0,i~ fs0si~ 9504i~ NsOgin
ENOLi~ fNOLi~ ONOLi~ ANOLi~ €COnin fCOmin G005 M
heo,i 73N G K BEHLAH T SO2« NO, 1 CO, i
& 18
A5 FHAN M 2 11 DR K SRR AR H s o B8R G
VIHEBCE: B bR s B s — > 5 H R A ) R e &
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%E'@IJE"J E*T i&ﬂﬂﬁﬁ'ﬁkﬁFT ﬁﬁ%% ﬁjj P, pl_min <P < pimax;
OF = mlH(FT) P, = Pimin, P, < Pimin; 8

P&—}:Ff€+hw%%(ﬁ+hmﬂmﬂﬂﬂf

heiEco, (P),

- F(Pz max)
hg =S o \Lhmax)
S Z E802 (H,max) ’

Ft(Pl max)
h = - ez
i ; ENOw (Pi7max) '

~ F(P; max
=3 B By
Hr: Fr AR RG S AR; F(P) K B i 1
W‘*Jrﬁiizli F(P; max)s Es0, (Pimax): Exo., (Pimax) 1
Eco, (Pimax) 75 9 8 K HUHL A 4 B K8 H ) 2856 B
HRRELE A SO2 NO,, F1 COo IIHEI R hs, ~ R, ~
he, 53 R LA i FETSUR SO2« NO, #1CO, 1 i
KIET AT
1.3 AR4E
ASCXEF ELD I CEED |1 @ 4R 25 (8 T — N4 2

LR — AN A R B, B2y P 240 5RORT % H Ly
PR LK.
131 DIEPELR
82 WAL 1 2 PR TR A LA 0 T 47 B 7 SR R £
R IR DhR T L AR iAo
i=1
o R LG G Pp o B SEBR IR K Py
ﬁﬁ%%hﬁﬁ
P, =YY PBijP;+» ByP;+ B, (6)
i=1 j=1 i=1

Bij N i AN 0 HR I FE R BN FRAERE, By NiTiE
(IR FE 2 K7 &, Boo NARFE R EUH AL
132 RENINRAR

BAN RN H DR U AE R KR S
B/ N, H AU Rk

P < P < P ™

T PR R G B R LI S Th 3R, P e
%'Jjjﬁt%z £ R AL A0 VB H 1) S5 /N T R R B oK T

3 =

-

3.3 [ e ERE TR
X F R AL R, R LR 5 s 29 gk AT
Kb T

Pimax7 Pz > Pl_max.
XTI AR, B A H A (5) BB

APD:PD+PL—ZPi. 9)

i=1
Horb: APp AR SR _EAL R0 5 LB SRR
%I‘Eﬂﬁﬁ%ﬁ B APp = O, R LA AF, ANBEAT
G4 AP # OWF, ANl 2 L RS AF, T BT 1%
Tl AL Gt L, — MR [ 5 B % 111 [A 5 X ELD ] i
LI ARBEAT AL B, HH o RiE 0N

min F; = min F} + QAPp, (10)

Horb Q N [E E 1A,
1.3.4 AT

[i] 5 {1 T2 1) S W 0T T 35 I 20 R B R R B /)
() R B IR R4 01 0 B2 X R I B R AN G RN A
SCHR 6 A B A 1R T BR L 20 ) o A V R R (V
F Vo) JRIEV) R H (Atan) 2 IE5% B4 (Asin) 227 B
#( (linear function, Lf). — {X PR %} (quadratic function,
Qf), HRE KK 1 Frow, B EUE W Bl 1R, Ho
X Atan. Asin. LEA1 Qf 347 1 )5 — 4L AL 2. K 37 F

) s (8 A 50 79 b, B i O A8 SR T8
QQ=Q-V. (11)

iEl 73}]75‘51«'] {3

AP A B A FikA
HGOALI Vi Ty (z) = ’erf[ﬁx”
2
HGOA2 Va Ty(x) = ‘735 ‘
V14 22
HGOA3 Atan Ts(xz) = | arctan(x)|
HGOA4 Asin Ty(z) = | arcsin(z)]|
HGOAS5 Lf Ts(z) = |z|
HGOA6 Qf Te(z) = z?
1.0 e — S =
\\ . '/,n'” —-
AN \ /- Y -
0.8f AN T
I/
Ny
0.6 \1 t/
- .7
0.4F \ ¢ Een W,
o v,
“ i — - Atan
0.2 (F — Asin
) Lf
— Qf
0 .
-8 -4 0 4 8
X
1 o FET RHER
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Hod:Q N ETE, V A S ET R 2B E
1) PR 7 6 45 T 0 B R /N o i 3 SRR JEE R AR A 1T AR
1b. 4 APp /NI 15 T 7 FEBR/N, 24 APp ORI 7
TR, 2 APp = 0 RG22 R %A,
ANHATIET.
2 BUHERIR SV
2.1 EREEEUK

e i 10 A B0 ) ROk B TR R O B AT
UL Wy SRR AE PR R B BOKE B PR 2 3, i 2 T
R BONEIES RS 5. 5 ¢ HUER A B X, rTRAR
V|

X, =8 +G;+ A, (12)

Hrp: S, j?VTi%Eiﬁ,szﬂgljj,AzjﬂmEfz{ﬁ S; AT H
S, = Z s(dij)CZij THHEAR, K d;j N R

j=1j#i

U 5 48 L U 1) BB 5, s 9k 2 S0 B R, i
s(r) = fer/t — e T AR, f AL G| o AT
Bl GHRMG, = —gé, 1HERE, g 3| S
AN EH A = ué, AR, Ay = ué, AL
B 1 HUR 1 T 0, w R B R, ey, R B 2R
BI7 1.

2 (12) A REELEE TSR MO AL ) B, SCik (10144
TR RE N
X' =

al ubg —1b T —
cl( g cog—2 5 ds(\xjd —z;%) Jd,, z) + 1y
j=1.j#i *

(13)

ot ubg Fl by 48 M N8R A7 () 1 B RN R 57 Ty N
BIMALE, c1v o WIRGRETIE X . HEFRIX 5] 71 &
Bl SCER 101 (cq o) WNBANSEL Kom N
ticm‘”‘; Cmin. (14)
HoA: o Al emin 73 9A ¢ B B RAE A B /IMEL ¢ 924
HTIEARIREL, T e K IEAR L.
2.2 iHHEIRE L

N T P GOA It RE, 5I NE R H I
e YA <]

C = Cmax —

X4 =
N
by — b —
01(-2 -CQU d2 d8(|$jd—$id‘)mjd7isz+
Jj=1,j#i
aﬂ) T (15)

Hoerh af JyE )38 ZOINIE L, REW 19 N i 32 50 ) FE
HLIE, 525 GOA [ 4 JR IR 2R e 77, 8 S b N\ JR) i e AL,

KRN

Fi*(t)

k — ¢
ai*(t) = Mass; ()

KHEEF N N WEM RS k4 BB A T,

Fr(t) = Z ranng (t), FZ’E NFEIRAEFE;H

JEKbest,i#j
Wedd 2 B 7E 56 k48 B 5] 71,1 5R

Fi(t) = G(1) Mass}gj 0 l\fissj O (2ht) - b (1)),

Riy(t) 955 i RS 8 j FUMEIE I 9 BK IR BE 35, G (1) N TG
A 5] 33 H, B 5 A O K TR A, Mass (1)
I Mass; (¢) 4050 5955  RIES 5 300G 16 10 b % i, 3
BN

(16)

it (t) — worst(t)
mit) = best(t) — worst(t)’
Mass; (t) = Nmﬁ (17
> my(t)
j=1
B X¢ = ciSolf + Ty, Solf Fylfeii¢e 731E Fl T B
BT &, AT A

X4 = ¢1S0l? + Ty (18)
N T R IICSOE FE, 5N R T Hid
X¢ = ¢,S0l¢ + e B (X —Ty), (19)

Hrp RO E RIS S K. Sk [14] BF 78 45 B K B,
RS /NEZRGE S eknm, KRV J1OK. g 2515
J& 0] 8, >R FH e MR AR 4y SR, LT A U

R= (Rmin n Rmax%)(l +po(rand — 1)).  (20)

A Ripax 1 Ryin 23 501 4 B 50 25 22 000 B3 R AEL A
IR/ME, pr N RIIMEE.
2.3 HGOA /R ELD 1 CEED [a] 3}

IEEE— AN O WLZE I /N B ZR 491, DA S e i 5V
KA ELD Je) @A ] 2E 47 36 B, VA2 W R B,

step 1: WIaa Ak, B B & & K AL I oA h 2k &
. BEFELL ARG R AL D R R . B
IGOA WG Z 4. P Ei & Al s R AR, R
R BATL I By 26 R 1] BE AL AR w0 U 4 A 551 FH S
B, A B AR R — A g e i, MR 4E
KM EE, ARG 6 & K AL B A 1AMk
W LARIRA Py = [Pe, Pi2, Pus, Pra, Prs, Prel,
P NS 8 KBTI,

step 2: Ao 25 A2 B HRD f R T 22 2 1518 A2 T 31
2R R H AL T 2R R ) 29 9 (3K (5) ~ (7)), H AT LTI
i) FUEAT AL 3 (X (8) ~ (10)). A HTARL A b £ =X
() B, v SRR v R A IR e P 3 S A (R
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AR), FARATHe v f A0 R 3 AR

step 3: 1 SR IA B de RABARICE, M H 24 745 21
R B DIE A4 F 7 A i AU A, RIVEE 15 L IL ) i
ThE LA L AT B0 B N BRAS, R8P 450, 75 ), e 22
step 4.

step4: U (14) ¥ c.

step 5: FWEIE 2 [F] PR B A — AL B [1, 4).

step 6: H1 2K (18) A1 (19) B HrdfF i ) 17 ., BRIV 3 %%
R RN DI, SR step 2 AH AN R84, 4G
P 15106 /2 L WA, IR0 L AT AL BE, T 55 S8
KL B SRR IE B AR, -5 R A7 0 B R TG
B HEAT UL dn SR SN R AR T DR AR 0 o e i 7 32
L, Y0 B S i A 3 LR A 75 A, AN BE G e e 2 AL

step 7: HUBTIAAIREL, % 4 step 3.

3 iESER KRS

N YRR L MBS IR BT 2 T A T R T R ek
HEWE I SR I A, IR B 3 AN BLD [ 8 =24 (8 7R
SK2F 191263 MW 800 MW A12 500 MW) LA 2 4 4
CEED ] /B 244 (\& 75 3K 73 7 8 150 MW, 175 MW,
200 MW 1225 MW) JEAT 17 B 5256 SI256 45 il i de itk
W I S AN B A AE 1 SR AT BGALE, B SE 36338 4T
20 1K, 15 B[ 25 FR T 348, MR 30, e KIEARIR
#°8200.

3.1 HGOAM&EMK
3.1.1 HGOA fRRELD i3

9B 3 AN R BEARE F 28 5% 1 2 49 3k 47 5K
55, DL 36 HGOA fi# vk ELD [ &5 1A R, 59 3 2 6
HLAL 1263 MW. 61141800 MW #1120 HL£H 2 500 MW.
4 BT Y HGOA 17 B 45 R 5 A 3 Re b Sk it
AT HEHR, 3 A G481 v 1 A FETLAR R A R 50RH T 26 B
il S HUL SR [15].

Bl1 EKHlLer KEHLA LI EFRN
1263 MW. B P 77 15 1 S 50 tH D26 A& S #8 DL &%
PRBE A L322 2.4 HGOA 5 HSP!, GOA'S!, gt e
Ii# 592 (improved GOA, IGOA)!! . 1A% 513 (GA)!1°]
TR & AP 48 2% (hybrid HS, HHS) . Wi 45 & 7 20 A
B0 7 B 46 575 (shrink Gaussian  distribution
quantum-behaved optimization, SG-QPSO)!'7| 1F 5% 4%
5% ELE AN B-TC AL AL YR A 532 (hybrid of sine cosine
algorithm with S3-hill climbing optimizer, SCA-HC)!!®!
HEAT R EE. 2 2 B8 TR, HGOA 7E fiff ¥ 1% 22 491 i 15
BRI RRE A B /8, N 15386.6 S, 158 HoAt 5703k 25 /0 sk
/77 0.098 %.

B2 EHler KEHLA LIIEFERN
800 MW. % FEL LA 1) s i H ) 26 A% S i FE DA R R

BEEAS 146 3 F R, % HGOA 5 GOA'S! . IGOA!S
PSOR!.  FABIFI ALOM it 17 bb 8¢, 3R 3 £ % 7R,
HGOA R fift 12 Z 511 15 21 (0 0RE RAR AR 35 1 oAt 57925
IR T0.24 Yo, BRI

22 TREEEKRE263MW REREISF LS RELE

method total generation/MW  power loss ~ generation cost/$
GAll®l 1276.03 13.02 15469.0
Hs™! 1276.01 13.08 14449.0
HHS™! 1275.91 12.95 15450.0
GOA!™! 1271.00 8.00 15406.5
IGOA!"! 1271.61 8.61 15401.4
SG-QPSO!!"! 1276.41 12.41 15445.0
SCA-gHC!'8! 1275.41 12.4072 154447
HGOA 1269.33 6.32 15386.6

*3 FREIEZEKME0MW RFEKEIEALE RELE

method total generation/MW  power loss  generation cost/$
pso® 824.328 253306 41 896.66
FAL! 825.337 25.3312 41 896.90
ALOM 825.331 253307 41896.63
GOA!™! 820.475 20.476 41 868.00
IGOA!"! 818.440 18.43 41 865.00
HGOA 823.536 23.536 41763.98

513 ZH 20 & K LA R, S DR TH RN
2500 MW. 35 4 AN [ B9 R 1% 2 ) 1) Bl e &5 R,
¥ HGOA 5 GOAS!, TGOA!, A=yt 3 410 Ak, B35
(BBO)!" Fl ALOM 3 47 Lb #5¢. 3% 4 %0 ¥ 2 7", HGOA
BE BRI A N 62 025.238 3 $, M4 T HA B 1L &
DD T 0.18 Yo, RUR BRI

=4 TREIEERE2500 MW ST K EIER HI45 RELES

method total generation/MW  power loss  generation cost/$
BBO!!! 2592.101 1 92.101 1 62456.77926
ALOM™ 2591.967 91.9662 62456.633 09
GOA!S! 2591.88 91.88 62441.0000
IGOA!™! 2590.3 90.30 62137.0000
HGOA 2572.01 72.01 62025.2383

3.1.2 HGOA f## CEED [

SHG % B 6 ML TE 4 FhAS [ (it L 55 SR A 0 R 3K
fi# CEED ] 5, LA K 36 HGOA fi# 1k CEED [1] 3 [¥] 45 %%
PE, S TR 58 150 MW, 175MW. 200 MW
225 MW, & FEHLIERE A R LA K5 e P HETC R 5L
DL SCHR [13]. % HGOA 5 GOA.  1E 5% & 5% 5.7k (sine
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cosine algorithm, SCA)?"', QBAI® A1 QPSOP! i3 17 %}
EE AT, R 545 H T 4 FhAS [A] 44 75 3K R 48 FH HGOA
3K fif CEED [v] {45 31 ) & F L5 tH D28 . BRREOAS |
15 R LA S AR R 6 X L T HGOA 5 HiAth
SREVE SR A 4 FhAS [R] 47 Aer 75 3K 1) CEED ] /A5 21 1) 5
FRAR.

135 6 AI L, HGOA £ 4 Fh A [A] £ g 75 3K T SR it
CEED [f] 3, #H# T HoAh Sk AR R i /2 R 1R
KEETE. [R5 o std {E AT WL, £ 150 MW 5 0L T,
HGOA ¥ std {& 4 2.492 033, Tfj 7£ 225 MW )15 0L~
std {5 M23.157 41, % B 7 HGOA [IFa e A FiHe .

x5 AREATETERTERHGOA KR CEED &R

I5S0MW 175MW  200MW 225 MW

P /MW 50.00 50.00 50.00 50.00
P> /MW 20.00 20.40 21.18 25.04
P3 /MW 15.00 16.73 17.32 26.24
Py /MW 24.13 28.05 36.08 41.83
Ps /MW 17.49 28.04 36.08 41.83
Ps /MW 23.38 31.79 39.35 40.00
fuel cost/($/h) 2579.12 3036.47 3545.88 4137.94

emission of SO /(kg/h) 3137.56 3895.411 4675.61 5312.69
emission of NO, /(kg/h) 2361.13 2774.378 3295.117 3813.16

emission of CO2/(kg/h) 2559.86 3027.48 385832 4368.65

*6 ARIFEZEKBAEMHEFTKREIRAZERILE

total cost/($,/h)

load

GOA HGOA  SCAP!  @BAI  QPSOM!

IS0MW 1016535 10150 1025521 1025528 10255.25
175MW  12209.08 12147.08 12241.67 12241.74 12241.71
200 MW

14396.2 14359.85 1441371 14413.88 14413.77

225MW 1677556 16767.01 16783.78 1678391 16783.86

3.2 FIASETIRERMEREMIR

R T IRAIE AT H Eh A AE T SRS 1A R, K L
F-Ffi# ¥ ELD 1 CEED [l {8, 3 ] HGOA J5 1% i3k
AT 3R N 1 J7 0 SR S IR HHE, 4 4 th 00 6 P 7
$1ER 00> BiE N HGOA | ~ HGOAg, 8] 5 1 7% 11 SR
1E/EHGOA.
3.2.1 HGOA f#¥k CEED |5 {%

AT AR 5 31,1 75 256 FR o A 6 3 S ELD
i) 952 5 R AT 9256, 26 7 A0SR T AN [R] 4 1 S s SR A
3~ ELD ] j 15 2 R AR b B3R 7wl A
M HGOA | ~HGOAg X 6 2 2 1 11 S 0E 73 2 R
EE A5 L HGOA /Iy, 32 B £ fi# ¥t ELD [ # I 3 7
T 11 S W L[] 7 A 7 1 SR M RO B A TR B, 7E 3 A
AN 45 HGOAg 15 21 (1 B RE AR Bz 78, 43 53l N
15095.88 $/h. 40484.72$/h F161253.98$/h. 1 5L4
HHE T L, ROR B AT ()72 HGOAg, 1 HoAth sh 48 78 51 5

total cost/($/h) 10150 12147.08 14359.85 16767.01 W& 7E A 7] 22451 Ho 6 T HE A ] R 2 B R b 3t T A [ 7
std 2492 14054 5516  23.157 T 0 TR 15 VA0 30 ) 35 24 1 1 57 S g
R7 FRIETIREEKRMRE 1263 MW, 800 MW F12 500 MW 2 3K 0] 3 fO45 REL 5
1263 MW 800 MW 2500 MW
algorithm
total cost/($/h) std total cost/($/h) std total cost/($/h) std
HGOA 15385.19 14.20113 41763.98 90.2531 62024.87 57.048 17
HGOA; 15347.31 21.88531 41431.66 466.2854 61960.43 88.75571
HGOA- 15340.49 16.000 45 41484.32 215.465 61913.01 78.38534
HGOAj; 15353.78 28.01105 41580.39 453.7659 61956.96 84.846 57
HGOA,4 15339.11 23.904 65 41493.88 518.468 1 61956.73 63.68551
HGOA; 15344.23 24.913 47 41604.17 418.765 1 61934.49 64.99152
HGOAg 15095.88 25.67534 40484.72 82.9435 61253.98 67.001 14

3.2.2 PR FEE T RECR A CEED (78
AT Yk 82K H 6 ML 4 7 A FE SR D 150 MW,
175MW. 200 MW A1 225 MW ] 4 > R 4], A 6] 1&
T} 5 W SR A 4 FhAS [ 6 a7 75 KA A5 30 (19 S BA 25
B a3 8 Frow, U HUR Sk i & an sl 2 ~ 1 5
Firon. 2 8 1] WL, 7E 175 MW #1200 MW & 75 3R F,
HGOA, 13 B i & A B /), 4 1212528 $/h Fl

14335.27$/h. £ 150 MW 155 &L N, HGOA H) K I %
If. 1M 7E 225 MW 15 5L, HGOA | 13 31 (1) 5 i AS f
/N, N 16756.24 $/h. SEB6 B WO, B0 A 18 T S0 B
] 7 A 48 1) SR P S8R B L, W T AN [R] A4
SR AR Y — N ROR Bl B 2 25 75 111 SR Rk, 2
AR 52 o i R (1 175 450, ¢ 5 465 51 R A e 49 381 B8 4 119
SRIARCR.



78  F X F ATHSEIRTHRENREE FRMEF AT AL A2 FH2ORSE LA 1825

=8 AEESIHEKRER 150 MW, 175 MW, 200 MW F1225 MW S 25K a1 85 0 45 SR EL 58

150MW

175MW 200 MW 225 MW
algorithm
total cost/($/h) std total cost/($/h) total cost/($/h) std total cost/($/h) std
HGOA 10204.57 45.19724 12162.6 54.86742 14362.39 4.563308 16761.32 33.81114
HGOA; 10182.08 44.67851 12148.07 36.979 44 14 338.72 8.718 883 16756.24 53.02798
HGOA> 10223.44 48.16118 12125.28 9.234197 14 335.27 2.321 666 16778.56 50.08648
HGOA3 10203.03 42.04192 12181.07 34.32479 14364.97 44.294 35 16 837.05 32.96293
HGOA4 10186.8 33.2341 122259 5433714 14439.93 48.394 15 16852 27.93087
HGOA5 10194.52 33.90725 12212.09 28.788 1 14 446.03 32.13261 16867.7 33.064 31
HGOAg 10178.25 34.586 09 12246.27 39.674 65 14453.61 36.87043 16856.27 39.63227
1.30 ‘
—ir— HGOA
. 4 - L HGOA —#— HGOA4
= 125} - 58825 2 B —=— HGOA, —— HGOA,
= ) = HGOA. -=- HGOA,
<90 S HGOA
s 20H :
2 2
o — 1
2 1.15 . S ——
=S | A S 2
2 110 . 2
§ 180 185 1§0 19;00 E
1.05 g 190 200
0 40 80 120 160 200

iteration

2 FREEFIHEEEKER 150 MW R EREISEMNERHE

= i .......... HGOA —+— HGOA,
— —=— HGOA, —— HGOA;
= i +— HGOA, =- HGOA,
£ 10° ¢ HGOA.
N B
% |\ 1.225 e = -
o g 1220
E ! 1215 :
g ‘.\ 1 . . N N
10* I 180 185 190 195 200
0 40 80 120 160 200
iteration
3 AEEFIREEKMR17SMW 2 EREBNERBE
- 2.8 " ......... HGOA —#+— HGOA,
o . —=— HGOA, —+— HGOA,
=~ ; +— HGOA, -=- HGOA,
5 ‘ HGOA,
S 2471 ‘
3 | 10
1 ! L e — — — 5 — —
% 20 : 1.450 3 F
2 L
o YT 1.440
3 I
‘; ' 1.430 . 5
1.6 ‘% .‘ 180 190 200
0 40 80 120 160 200
iteration
B4 TRIETHEIKIE200 MW S2ER LRI E
4 4

RSN S PR VR A e i B2 8 T A ¥ ELD A
CEED v /8, i% Ff] 3 /> ELD [ {5 i1 4 A~ CEED [ 5 %
HGOA (114 B 3547 MK, 5 M BR L4 1 B0k
HEAT LR, Hh S B E R o] DUE tH, HGOA 3K f# ELD #

120 160 200
iteration

5 ARIEFHEEKER225MW REREOSEMNERFE

CEED [n] @l 4 1Rt ) 2R I, R W] T HGOA 2 fif v
71248 5 2% 1] BRI — PR A A& IR 7. [,
TS G b R R 24 TR, 2 6 R T AN [ A T R A
(1) 212 T 1 S, SO 3R B, i T3 A 1R T 1 1 3R
W 652 1] L 2 11 S B A T A (1) 280, I AR AR i
o i) 0 P 17 10 3 B 44 119 466 1] S

£ Tk (References)

[1] Parouha R P, Das K N. A novel hybrid optimizer
for solving economic Load dispatch problem[J].
International Journal of Electrical Power & Energy
Systems, 2016, 78: 108-126.

[2] Fesanghary M, Ardehali M M. A novel meta-heuristic
optimization methodology for solving various types of
economic dispatch problem[J]. Energy, 2009, 34(6):
757-766.

[3] Reddy K S, Reddy M D. Economic load dispatch using
firefly algorithm[J]. Interna-tional Journal of Engineering
Research and Applications, 2012, 2: 2325-2330.

[4] Nischal M, Mehta S. Optimal load dispatch using ant
lion optimization[J]. Directory of Open Access Journals,
2015, 5(8): 10-19.

[5] Parvez Mahdi F. Quantum particle swarm optimization
for economic dispatch problem using cubic function
considering power loss constraint[J]. International
Journal of Geomate, 2017, 13(37): 44-50.



1826

F %£37%

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

Mahdi F P, Vasant P, Abdullah-Al-Wadud M, et al.
Quantum-behaved bat algorithm for many-objective
combined economic emission dispatch problem using
cubic criterion function[J]. Neural Computing and
Applications, 2019, 31(10): 5857-5869.

Houari B, Mohammed L, Hamid B, et al. Improved
dynamic harmony search optimization for economic
dispatch problems with higher order cost functions[J].
Universal Journal of Electrical and Electronic
Engineering, 2019, 6(5): 303-313.

Deb K. Optimal design of a welded beam via genetic
algorithms[J]. AIAA Journal, 1991, 29(11): 2013-2015.
Kumar M, Dhillon J S. Hybrid artificial algae algorithm
for economic load dispatch[J]. Applied Soft Computing,
2018, 71: 89-109.

Saremi S, Mirjalili S, Lewis A. Grasshopper optimisation
algorithm: Theory and application[J]. Advances in
Engineering Software, 2017, 105: 30-47.

Rashedi E, Nezamabadi-pour H, Saryazdi S. GSA: A
gravitational search algorithm[J]. Information Sciences,
2009, 179(13): 2232-2248.

Guo S S, Wang J S, Xie W, et al. Improved grasshopper
algorithm based on gravity search operator and pigeon
colony landmark operator[J]. IEEE Access, 2020, 8:
22203-22224.

Duan H B, Qiao P X. Pigeon-inspired optimization:
A new swarm intelligence optimizer for air robot
path planning[J]. International Journal of Intelligent
Computing and Cybernetics, 2014, 7(1): 24-37.

Zhu H G, Zheng C W, Hu X H, et al. Path planner
for unmanned aerial vehicles based on modified PSO
algorithm[C]. International Conference on Information
and Automation. Changsha, 2008: 541-544.

Sulaiman M, Masihullah M, Hussain Z, et al.

Implementation of improved grasshopper optimization

[16]

(17]

(18]

(19]

(20]

algorithm to solve economic load dispatch problems[J].
Hacettepe Journal of Mathematics and Statistics, 2019:
48(5): 1570-1589.

Yalcinoz T, Altun H, Uzam M. Economic dispatch
solution using a genetic algorithm based on arithmetic
crossover[C]. IEEE Porto Power Tech Proceedings. Porto,
2001: 4.

Ping L, Sun J, Chen Q D. Solving power economic
dispatch problem with a novel quantum-behaved
particle swarm optimization algorithm[J]. Mathematical
Problems in Engineering, 2020, 2020: 9741595.
Al-Betar M A, Awadallah M A, Zitar R A, et al.
Economic load dispatch using memetic sine cosine
algorithm[J]. Journal of Ambient Intelligence and
Humanized Computing, 2022: 1-29.

Bhattacharya A, Chattopadhyay P K. Biogeography-
based optimization for different economic load dispatch
problems[J]. IEEE Transactions on Power Systems, 2010,
25(2): 1064-1077.

Gonidakis D, Vlachos A. A new sine cosine algorithm
for economic and emission dispatch problems with

price penalty factors[J]. Journal of Information and
Optimization Sciences, 2019, 40(3): 679-697.

& RN

A5 (1960-), 5, HUZ, W-L2E P, I L 22

B9, E-mail: 48226792@qg.com;

FSCHE1976—-), 5, M TR, @44, NFHihe

F L FFR B AR BB 53, E-mail: wshengliu@dufe.

edu.cn;

FAAE1977-), 5, #R, LA, NHE TR

A ib 35 5 S5 7T, E-mail: wang_jiesheng@126.com;

FBIHI (1994—), &, Wit NSEREIRAL S HE

AL FIHE 5T, E-mail: gss420924@163.com.

(FrAEmbt: FIREF)



