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Wind Power Integrated with Thermal System Multi-objective Optimal Dispatch Based

on Immune Memory Particle Swarm Optimization Algorithm
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Abstract: With clean, renewable randomness and intermittent large-scale wind power connected into the
power systems, the influences of it should be considered in power system dispatch. This paper establishes
multi-objective chance constrained programming model considering environmental benefits of wind turbines
and grid security caused by wind farm into power grid. Minimizing both the fuel cost and emission of
atmospheric pollutants of thermal generators are considered as objective functions, the up spinning reserve
and the down spinning reserve constraints are included in the model. In order to solve the model, this
paper uses the cumulative distribution function of wind power to transform the stochastic optimization
problem to a deterministic one, adopts fuzzy technology to transform the multi-objective optimization to a
single objective optimization and applies IM-PSO. Finally, by comparing and analyzing the results of
simulation, the revised model IEEE 30-bus system MATLAB simulation test studies have demonstrated the
correctness of the proposed model and the rapidness, effectiveness, convergence of the proposed algorithm.
Key words: wind power; power system; multi-objective; chance constrained programming; fuzzy technology;

immune memory particle swarm algorithm

2= JEHT W) AR —Fh s g FEHERO AT AR
0 515 RER L, ©LZEHI) 5 e 0 B
TERRRAE SRR ELEAL | (A Re g ERE ™ 2BR/K T & rAh  BTRE TR & HE R R B il
WKFS HER.2014-12-02; fEEEHI.2015-01-04 B EARFAR S H AU & R Ak & R 5
E4WH.H KA MBI H (5227221350BR |, 5227221300XP) ; E & 5 & 3L 6l BF 55 & B i % 0 5 (973 %)
(2006CB200303 , 2006CB2003056) ,

Project Supported by Science and Technology Project of SGCC(5227221350BR,5227221300XP),the National Basic Re-
search Program (973 Program )(2006CB200303,2006CB2003056).

PDF SC{H{#if] "pdfFactory Pro" i A4 smw. Fineprint.com.cn




GRS P GARRES

WL, 2 &, 5 4F T RSCIOR T I RA

Je 7, (EE X A I S AR XU H T LA

KUk BEE R ER £ B R B <21 -
_ 1 _ ()
fw)= o exp[ 22 Jo (1)

il , KUBE B IR AR 2 2RI L RGe45 0T
TP BTt 4 ) R G0 R R BE R T 0Bk
DRI N7 R | T ) RIS XU I X 2R 5 H T
FERCRIT B R S A4 T ST IR

Bifi 2 5T Y ) R OR B A2 B G, (UE R A
HL A /N AN SR MR A BRG] 7R3 2 RS
RHAREAET 2 FE X AR AILYE 4 & AR
15 Y SARHER R — B L B2 & XL 3 &
4¢P BERFFE R SC2] P A FL TR EE AR i
R FAAS SIS A e PER BE [ R F R A
RIDL s e — AL bR, R R
15 G HE O PR 3 8 ) £ T M LA B XU B AL
X R GE LA R 5 30351 YR AR ST B A Ak 1A
FETEs, T RO R A 2 AR AL TR T 100%
PR A KSR £, X MR S 1 LA A
IR, BRGNS LU B & HUAR ; SC
[6]FF S T T AL A HRIBA | R R g >R
T AL FIBEN B I ZE A Tk, (A BRI
Sy Rl me i, TR R B T
A% X 2 BN E ;378 475 TR I X
L BEALME: , 20 55 DR IE NF0R | T g Asi
BINATF A & B BE A SEBRAS O , SCIoh 8 T3 KL
M R 2 Hn & IR SR AACE R
Z Bbrti A s B AR AR, AR R
HMELITERE

SRR XU T R REAILEE A B ST
BT AR FBCA AR KR IENLE & H A
At/ 5 P SARHE R R B IME SR B R 91 HLARIEL
20 % LSS FR T BRI LA A 1 i 35 A, 2R
SN TR RGO HIALCH 2R ML )
LR UL RGN A, IRER R AR 7
SRAFARARIT | (I XUE 7 95345 PR EICRE BE B LA 7Y
S R E R R BRI LA 3B AR 2 BRI
A B BRI, R Ssscen LA
P (IM-PSOYR Y AT SR M | 122 TP 255 B LASE
PUEAR RIS TA R R T e T LA a5
[P 32 SRR I8 O I A e A U 2 S A A R
T AE R SR B R R R . B S L TEEE-30
TSRS, A6 e LR R G T
FIFH MATLAB {5 5, SrE e A i 71

1 REHARRER

WFERM, I XU 22 T IE S 0 A 1
BB v~ N, 0,7), WA s %N

() v SRR R 5 T XU 4 U2
o NI IXGE FIBRIEZE

P, BT ¢ FBeRG T g, Hez WObLAS 2 i J3E
A IXGHEREE]  HI5 2Z T R e R ILX(2).

0 0<w<v, B v>v,,
PW 3 V; 3
Pwt: 3 . 3 V= 3 » 3 P\Vﬁ Vi = V<VR o (2)
VR —Viy VR —Vin
PWR VR srs Vou

K Py A RBLIEE DIZR vy A E R
v FYIANRGH v, F D) XE

s W P g 6 KL 84— FERY, [R)i Z2
W FE UL S0 R HL SAAE | UL TE ¢ INFBRE T

P=MP, 3)

KO, M HRBLEEL,

W D)l WL R 53 10 pR R, B =X (1)
(2) ] ASKAS KU LA 0 D) 8 (0 W30 23 132 e 0

0 P,<0 5 P,>Py;

PP )1 1-p(Put ) p=0

a, ag,

Vom_& _ Vﬁ_g —
ﬂPwt): ¢( o, ) ¢( o, ) Pwt PWR 0(4)
2
_ P [ Potb s } 2}
3V2w 0,4" %P a V| 2o,
0<P, <Py

S P in3

:T:t(4)l:'j:a: Vﬁ3f3in3 ;b: VR;}_Vin:’ PWRO

2 BETHISARMANHEXEZRN RS
SRR

ARG R sl K3 e — N BERLAR
e I S BRI R REALAY A R
15 YL SRR AR RN, AL 58 B 8 PR
RELRFREH, MRV LS @ RE R
T AR A TN DR BE AL A 5 R ) AN s e [l A o
SC P 2R F L2 20 R | s — 2
R
2.1 BtREE

2 IR BT R 2R A ST B AR A B e i — P
B AnsCr12-15]H 475 JEIABE S e PR 2 AR K PR
BE A B AE bR R, A bR T XU A AL
SLTHME,

MR THAFRRR R, TEASE I i
BATHLHIR AT T SRBUX A SR EE | XU 37 %
SR A B E X R AR LA G e T S
RIRHEAILLE e H AR 5 75 Y SRR R B/

PDF S i “pdfFactory Pro™ i RAG]&E www. fineprint.com.cn




.02 2015 4 6 A EZE¢x Hs51E el
FEVRFEHLIE SRR IR TT S it LA ik 22 I 5 25 Y _
P 2 (Poi—Poi™) = 24P A @,Py | = As, (13)
i=1

TENLEHFER thZk b Sn—ABkahaony, 7= A i sk
N, 5 R R IR S AN AR AR | R AR AR Ay
SPe)=a+bpeirepe+Hesin[ fi(Po™"—Pe) 115 (5)

Fy=min Z gﬂPm)o ©6)

K(5).(6) T AP WIAREDLA i TE ¢ BT By
JAS ;a5 bies TR FTREL e f, I RARA0
RE Py, AL @ 7E ¢ BRI JT 5 F ol T B
B N B RABALZH A Ha A 7 R /NI N
WAL 521,

AN = W, SHAR T Py,
BETIREMERR I,

W (Pei)=atuiPoityiPei o (7)

KH, e \,u Y R § HE RS

Fy=min 2 ; W(Pei)o ®)

K@), F,  THFRIBE N S RRIEHLLL S G
Heilat
22 AREH

ML H R — AR XSl K AL
Ty, AR B R R A P A R L
At PRI E AR R R S5 b B AT BN L AR 1 %
JE 3 FIT AR SR AR A O e A I AT AN TG JE AR 4%
PR R E, R B AN R A R AR L
WERAIEA R, O R —E M B F KX ]
RIm] Ao S e

VRGP

N
2 Po+Py=P,, (9)
i=1

KO . P, WRGAE ¢ BB R B Py, A
XL AILZEAE ¢ I B Ay 3 D)%%

DR AE AR A

Z PortPy=Pul =, (10)
K10, A, Jit R I AR B EAF K,
WL L

Po""< Py < Po,™, (11)
AN P P 5308 K A HLALHE 19 R
FRAN BR
ARG L | TR AR
(DEEE%%FFJ FEZIR

Z(Pc, Py = 2P, Py = s (12)

QeSS w5 HA 2R

K(12),(13)F1 12, 20 Z3ATE ¢ B B b7 A Tt
ZEXRGE b T e A TR R A, — R 5%
W,y SRR B XL 6 RGEI Y b T

R HMTR R, — ML 7% ;0,05 MR LT
JiEt & AR I B G AKCF

AL AR 2

Dy <Py—P <Us, (14)

K9 . D, U, IBTEL (e e [ 1, T])EF K AL
i e [1, N DI I IR LT

3 A ERBA KR
3.1 HEEESREEEEL

AR (10)-(13) T A REVLAS 2 Py, iR
K@), NI IR IES AR Py~N Py, o), T
{64 av=b Bl Py, v RiZH XX, 22N aor,
A PW-PW ~NO, 1), RGBT 4R 5% 1ﬁFZPc,+
fmﬂ“ﬂ%ﬁ¥ﬁ%%§%%MFim%ﬂM@
W ARMERS I S5, 1B G AR R AR AT LA
fifp ke [ 0 éO<ZRﬁﬂJ%f§ﬁm$ﬂ*t

amiu%kﬁ
O< 2 P(‘r+PWr_PL'<§}

&P - Z Py,
PP (15)
P Z Pe

K12y A H

N
P { 2 (P i =P, Git) =z,P+o,P Wx} =
i=1

N
2 (P GixmaX_P Gix)_z uP]I,

P{P(;ixs =l w }:

2 (P Gixmax_P Gix)_z uP 1z
i=1

@( w,

Oy

K3 TR

~Py,

)2/\20 (16)

N
P { 2 (P ci—P. (‘,itmin)BzdP al e Wx} =
i=1

N
2 (P ci— P Gizmin)_z WP
P {P Wxs = }:

@y

PDF S i “pdfFactory Pro™ i RAG]&E www. fineprint.com.cn




GRS P GARRES

WK, % 4,

5 TR ECIOR T R RA Y

WK R GE 2 BRI IR - 23 -

N
2 (P ci— P Gitmin)_zdp "
i=1

o Wy

Oy

—Py,

)=ZA (17)

@(wa%_mmmmmm@m%mmﬁ,ﬁ

I EAREIE A0 A 2 n] AR 3
32 SERRALEERBRRM LA E

RO AL AL B 5 VLB i 2 45 F AR B0 SR 3 pr KR
K2 AR OUAL AL A o AR Lt o AR AL [l R
figp13), AR A BERCTRIAR/ IME RS YRS 5 SO
K~ ELETE AR LA A A AR R AN 75 G AR
TRCEE AR P S i R

ML F)]=

1 Flx)<minF(x)

max F(x)—F(x)
maxF(x)-minF(x)

0 F(x) = maxF(x)

BOE HARRREL F, F, — MHBEIARI SRR R

{EL ., WUPRERSH i RS T A B B eRBSCEC A AS Y
F=min {maxlw,~u F(x)]l} m=1,2
s.t. [ Fo(%) ]| Z o °

RAYH st w[F )] S, AR 1417,
3.3 MBAEEBRRESE

SCPEET AR LA 1, TERRISOR LA FE Y
BLntl b R PR RO Sk A TR i AL
BIDRACTR BE o g B oy . ILEH AL DL AN 14y T
PeAkus f FAL P25 B SRMS A ok 1 HILZH ) JE 45
[ R RE A AT S 20 IE , ol TR TR
WIER G AR R, TR0 R R e fE R
AEFEALH S I A SR REPC AT, 4l T ks
TR,

LIRS Y e R P 7281 <y AR R SR ) R i A
T IR RIS R Im 2 2 R s, s
TeEstT, PR — A Al B 02 i B il A —
R E v, PGB RS20 KL FF A e
JERLFRBNTE 10% W P SIFEEIN) BT AR E
— A — AR, ST TS
WL ) RESSAR TR — 2R, 29
WAL, TR A 1B AR M 52 46 /L T A7 5%
P, LTV 2 B AR R 2R SR AR LA e B I
G IAZ) H bR ORI rT AT 15 20
B IER) SIS BB AR AR E 44k, 51
TIRRETT AR | LS RE A REW 2 i &R
GLA PR BE SR, 0K S ) 00 3 A R B B2
WEAF, RA R & =R R SR XA 2 2R 55 R

mink(x) < Flx) SmaxFx), (18)

(19)

iy A RGN SHL BB i il S8

#

THEAS VbR R R dw/IMEL, S ST MY SR s 32 R K

TEW R LIRIEAFT TSR UL 19 o7 2 Ak

-+

FeaR (19T SE AL F 38 R, SRIBUREF 1A
WAH p o A2 JRARAE p,, I B R EWIE K=1,

—

r“

Pl EPLR i atrs IR it
I T AL AT 2 AT
JR RS R

HHBES
R m A

&

CEERED)

E1 EFEaEidicireEReEER@giniER
Fig. 1 The flow chart of particle swarm optimization

algorithm based on vaccine memory
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Fig. 2 The contrast of wind farm output in each period before

and after considering the model of pollution emissions
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Table 4 The contrast of conventional units and wind farm output active power before and

after considering the model of pollution emissions
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