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Abstract

In order to improve the wind power integration, we install the thermal storage equipment in the
electric-thermal system, improving the regulation of CHP units to enhance the flexibility of the
power system. The randomness of the wind power prediction leads to the uncertainty of economic
dispatch. The strategy requires to not only meet the optimal cost functions, but also hope that the
cost is affected by the uncertainty within the acceptable range. In this paper, we give a robust mul-
ti-objective optimal economic dispatching model with CHP and wind power system based on the
parameters sensitive region method. The model includes two objectives minimizing the cost of
coal consumption and the cost of wind energy curtailment. The bacterial colony chemotaxis and
the robust condition testing method algorithm were used to solve our model. By simulation, the
robustness, economy of the proposed model and validity of algorithm are verified. In the last
comparison of three models, it shows that the RMOO model is optimal and robust, and the capacity
of wind power integration is greatly improved.
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1. 5|8

A2k, FRE IR RSN 2 T iU R R . A 2016 R, 41 X HL RN 25 Sk 3]
T 14910 T, SR BRIAEER 9%, KHEKHE 2410 (TR, Sk EER 4%, FEH
FHZINEE S0 1742 /NF[ 1] (R JRG R ITH R PR [T, 1 T 1 35 7% g R FRL TS 40 1 . AR [ X RV =) 1 48
THEE, 2016 27 KHLEIA 497 AT TUlE, 70 R ™ B X2 75 R HAE 20% A . 2017 4F |
AR, IR TR R, KR T XS 235 (2T B, I3 RERIL 15.3% [2].

Fr A R KL AR S B RN BRI 1, TR E R G 2 R
TR, TR R P IR R I “ =67 HuIX, BB K LA N AT RE DA IR . thah, 7RI
6], # L= (combined heat and power, CHP)HLZH “LA#AEH” , H /2 FIR KRS, AR iE—22F
B, hnJElFE R .

IRZ WL TAERE R TE G0 ) AR S B R R B T - R A RRIE RS, ST I HL R Y
REST, EBEURLTEAN, b7 K. SCHR[3] [4] [SIFEAR G TIEGE bR | #ePAT20 o), AL #
AL A EBITARSE, @ T SN RGBS TERAL, e T R HRIE T
R SEABATHLER, 30T 1 A LA B A5 AT 5 e AT R 5 G RE 710 RS ol . SCRR[6)WF 7L T B 5
REBMER A - G RGHTT IO RGMZERES TAME, DREER. # 2 FraeE kA
Pl RERAETE. MBS B AT, SCHR[7) [S]E A THE T Hv )L B R RS RGUIUL R R,
THRIERIE NN R, FEOMT T RGBT . SCHR[O1HR H N A% 76 F R IBC & VA P B v 2% R 0 T
WL, ST 38 T L ARREIRAE R G AT IR Sy I A8 Y, 38 B A I 248 20 3R % K BT J 45702
ITRALEAY . B FE T A IS AT J7 O R TE N IR E AR P o SCR[10] [11] [12] [13 38 0 i AR5 1)
Pl THLARGE R - AN G CR, I—REARGEITEE ). WE T A S AR EEHA. E
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BERR G T BEAR A, B RN B X ) RE A DR R . SCHR[14] [1SIERET L E &
AT I T SO LR A R ) AT RN KT o B R XU R AN E TR R tH LA S & R B R s ATk
AL E & FAGES AT TG o I VR 4 H tH g L/ 5 R, 3 3 ) ARRAIRIZ AT A o SR 1612 T 0
JEREAFR 725 U ) ANH E PRI G RGO TR A A o 2 7 23 ) R A et i 1 SR 1 S 3
WA IEAT RGAE b U G ARG S0 2 FH 2 8] R b, R AF AL 2t e e 114 XL P 3 AR L BB 7 BB 5 AR A A AT 1) 1A
FESRHG . SCHR[ 17 AR U TR G B HLAL, JFS S ReE i e & Y, fem sk Rigt:,
PAFH RN o R E AR BEAT R E 1, B H AT G LAY . SCHR[17] (18148 T 5T
REEUE X2 HAME A ] RS aEtE . SCER[19] [20] [21 13 i — R &2 At Ae 5%, fefA %
FER S RN I 0 R B R IR SR B 520 o BT SR B BEEE A B B o i, OB R R e I B R ER .
BR[221%F 22 B AR IR B i R B 7 VEREAT T 20 M, B2 TR P SR A% B MR, 45t T —Fi™ %
ERMEEEINEIELRE BB Pareto SARARMECFEAY, DU THE 2SR AUZ AL .

SCRR[23 ] AT R BRI T35 NBRAE ) R GE I ok, @S XUZ SR, WER
AL SR IO AT S AR PSR ) B AR AT AR, M E BT X BRAR R B 20 SRR SR P 2 45 SR v 68 e A o ) A
SRS e () e KRN VG o AN SCHINZ H bR ) R R X3, ) s ML 2% 1, @S IRFE AR,
RGOS H bRk g, 778 8 XL TN ) 1) RMOO &5t M BERE AL [24]. SR ARHF A B B R i 24
£ BCC (bacterial colony chemotaxis) 523K fif, i i i 1Y & i M 20 R 2% e B & 4R 11 Pareto fi# -

IR SCHR BB S AR E T — EARIAR AR, B DANLA I FE AR e fIG B bR, XL HH A
B € 1R SRR BN A F AL o 2% K 48, mlea DUORUL AR 05 9 F ds /N HFR B8, PIAS H bR 2 18] 14 2
FHELFEHE Z3 A R 2 o L 200 1 IR TR 22 A S, 22 88058 JE B — 1 XU R LR D R 2 P IR OSCHR 1%
B LEH bR REF M BT DIz — 2R RIS .

1E BB ORI Tkl b, S5 G S8 2 BAnRAGEe, ASCERE TR HLA A K g B A s AT
&% H R4k RMOO (robust multi-objective optimization) i) B8, [ i Jiil K X HL TR ASff 2 1, I H
b 2% F AT 22— s R FE IR B IF & e AL 10 73

2. BEZERMEHFRE
2.1. ZEFREHEREE

Z AR ICAIRI L — € LR AF I n AN PRSRAZ SR, 645 m > F AR B8 XL 70 8 o e DAL F) ) R
H bR eR SR A T ASFRIVE RERR R Rt , T PR R i@ W R A RN, 2 HAsiA H A2k
BUEAS T H b e& SR AR AT 1252 (1

EA=RAR IR & i E Lt
min F(x)
s.t gj(x)SO,]:L---,J (1-1)
h(x)=0, k=1,-,K
i F(x)= (£, foores /o) N ERRBREIA R g, (x) < 0,5, (x) =0 3 HINAFERAR, FXLW, xeR Ak
HE)
R LR FA R BHES
X ={x[g, (x)<0, j =1, J3h (x) =0,k =1+, K, x e R"} (1-2)
PR FIAT AR o
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WMF x,x, e X o #ViLfi(x5)< fi(xy) BAHE je{l-- 1}, f,(x) < f;(x,) » FRx, o x, Pareto (5L, B
PR x, 3CHE x, > FIEAE X = x, o ANBERCRTAT i rP AT AR i SCRC O PR Pareto AR

Z BRI ) R 32 AT 5 SR AR R L AR ATAT A R Pareto IRMFEE(ARSCICRSE ),
B

P={x*|—EIx:x>x*,x,x*eX} (1-3)
22. SHHBEXESBRAEEY

Z BRI L R, SR 2 2 Bt S e S S B sh i . S8 BERLYE S 2R )
AHENE . R Ay RS TT RAVNARE E B PERESIL, 10 HLA 52 B An kB8 52 AN 1R ) S 78 ] %
SV W T REUZ XA EHE L B ARVEILAL T35 7T DARTR M DBt vH AR B A7 A2 AN 58 PRI H An B b

PEARAL BT 7
EAESH p=(p,, -, p, ) N BIRACE RN
min F(x,p)
S.t gj(x,p)SO,j:I,---,J (1-4)
B (x) =0,k =1, K
xeR",peR".
WS p MVIIREA p,, HBWEAp, Ap=(Ap,,-,Ap,) . BISEIIEWLSIER) H bz ek 284k
N = (5 py 4 8p) - 1 (5o) (1-5)

AR T xe X 43 5€ HARRBUE W32 (I AALTE Af = (A, -+, 4, ) » HT H AR BR BT 35 52 X3 S
BIZH p HIHUE T B RR N2 0 U X 35

S(x)= {Ap|fi (x, 2 +Ap) = f1(x, Py ) S Myoi = 1,---,m} (1-6)
S CRAR I AT AT BUR X 450
R(x) = rriipn"Ap"
s.t max|/; (x, p, +Ap) ~ £, (x, p, )| = &

g (x,p0 +Ap)£ 0 (1-7)
h, (x)zO,k =1---,K
Ap e R".

R(x) FRA B AT ATBUR IR, il 2 B AR BB T e Sahva i, B 2 R B il AT M. i
R, AW BUR R 4L, iv%ﬂ{xw(x)szeo,xex} MIRRRR AR BRI . K UM SI 2 HARRREA ST
BUK X IE ) (RMOO) B AL N

min  f(x, p)

s.t gj(x,p)SO,jzl,-- J
h(x,p)=0,k=1---,K (1-8)
R(x)SRO
xeR"

Horb R(x) < Ry FOAEHELIR.
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3. AREFASRKBESEE RMOO =3
3.1. EXYAR

LB UL IR AT BRI T3 . 0t o DD B R .2 [ O 2 5% SR S AL B P L4
) <AV L SLLUMERR <L

B HLAL T BT IR A SRR . 15 TR SO, PR ML JE I 4R % 4 A
BRI SR A AR AR, ) P, e At A L, P, S HORE R, KL R A
YR

P, =H,, [k, 2-1)

U TR LI — 38 2 28I RIS SR, R 2 18 AT R 26 AF R AT LU 4 75 4k
PR/ LG, L B VRR I RT R

CH,, <F, <P-CH,, (2-2)

C,,C, AN EELRT IR, EIR, P oyl L4 7y BIR.
PIAR SR BLLEL (A el T8 32 BINLAL S 77 RE /7 PR il

o ST 2
Hchp < Hchp,z < Hchp
RIS LA R TRI RE I 21K
_D;jax < B’hp,tﬂ - Pchp,t < U;‘ax (2_4)
B HUALROA L 7 B0 ELRE A H, IR H, | W AR B o
Hchp,t = Hin,! + Hd,t (2_5)

KA EAERINN BT REIE LA B KA B ) RGN ESR, Rkl AR RS
S P L. A B B HAG A R, MR SR R R4 & O™ R IERN A= IR, BFItE
o<cCrn<Ccr™, t=1---,T (2-6)

FPLTNF [F] E i P R 1 2 2 e i R Y TR R ke

0 p Hint < Hir:ax
, 2-7)
0 S Hout,t S H;;?x
FE I Z At TS B AR P RIR S
At (Hin,t - Haut,t ) = Crt+1 - CI’; (2_8)
LD 2T 20 TR
Ng Ny Nc
2 Pois 2By s + 2Py =P t=1T (2-9)

P, ANV, T,Ng, Ny, 700N B8 RAHLAR, R ImEL
IR LA R A R 0 6 R IR R SR T T 20K
H,, +H, =H,,, (2-10)

out,t

LK AL 200, TR RE AR
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{Pmm S @-11)

Dy At < PG1t+I PG;: = UmaXAt
BWSEbR RGBT B, REIWEBNME R B/, B, —AHEE
0<P,,, <P/, (2-12)
3.2. RAEZAMANFRET RANNEREY
AEBRGE P VS RN, AR I R ERE 2 o B A rB LA R 2

= fZ]TZi(aiPé,i,l + B, +7) (2-13)
o, By, IV RIERE R A B ML BREFE 2 H
Lo iNZi(algiw Pyt (2-14)
PR R G2 S RRERE 2 HT N
fi=to+ fo (2-15)

SEBR IR E A G0 R KU AR T R R TN 1 0, BRI B C,, N ¢ I ZI B FE KU T 2
YL 5 RS BN

1. ZZ AR ~B) (2-16)
RGEW s MLE BirR Bk N
minF(PG,i,t’Pchp,u Wzt) {f fz} (2-17)

33. BEMAR
U B BN RV SR i, RIS 52 R DS T v R R, R T 0 B, R —A
A, WHRBNEE AP, . H5EEE R G RO BB B b, T DL w9 X L g
SERRR AR, Y O AT R S SR RE A T, SR T S SN Hﬁmﬁﬂﬁ&%ﬁﬁfﬁ
IILEh, W98 TR RGN, BRI, BERTR RS0 RS /T WAL
Tﬁ(xﬁ’]ﬁ%%%ﬁﬁﬁnzﬂﬁAﬁ, FERIETT S RN Af, o« BN AR AT SZIORBN N AF = (A, A1 )
MRPEE X1, WA AR AL B L A .
R(PGtt’Pchplt’PWit)
={Af <AF3R,,, < B, +AP5(24),,(2-12)) (2-18)
<R,
ANI2-D~2-18)BES A B — A H AR BN IR #, LR AL MR THURX RS L B i
{2554 FEE(RMOO-ED) A

4. {RBR R

RMOO-EDH T K] 3R fift 73 AMOO-ED R T 3R i Fl & ¥ 21 R ARG I8 P 38 4, 58 — 3B 3 A BCC RV SR iR
fif 52 AL FIMOO-EDA 1, %#ﬁMJ\U\Paretoﬁﬁ:%EPﬂ?ﬁ/ﬂﬁ&%%?’ﬂﬁiﬁ’]%%hreto%%o
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Figure 1. The flow chat of solving RMOO-ED
model
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AR 3 AR E R

1) R H 332 AR/ -

2) ERAH N pL + ARS » HEATATAT AT, RTAT AR

3) GHRANKITHNIR(P,,,. Py, By )< Ry

RN ER BE AP BR 2 1) Pareto fif, 75 W& #4030 J5 1O RTAT il o

IR 4: fEEHE Pareto fif4E Pk AR

1) BB WA H bRk AU E

2) FJH TOPSIS (Technique for Order Preference Similar to an Ideal Solution) /7 y2:i% % F AE fiF .

4.2. BHIER
FRAHEE LRI 1

5. HBIR

5.1. HEIHE

KICRHAHHRGIHATH R, REHH ST EARBNE . MR A BN &5 R
U, —ANREY), —/MERBER R, &2 H IR N B AR X SERRBE AL L@ . 5450 H A
WEE, WA 240, L1 h TR, RGH L. AR XE TN AR E H 0 fUZ 24:00
ECHE WL I B A2~Ad. HLALBSRERFES . BRI IZ 1TSS [ 12]. BCC HESHEWT: 4
MO 50, VIUEKERE 6y =20 RENEE £, =10°, WEEHHH a =125, RIERKRECH 500,
PAMEBEEE v=1.

5.2. RMOO-ED &R R 547

W E RMOO-ED #8 H A5 AL ATE Fl Af =10% , KEETIILE) AP, =10% 1853 Fy R AR1T 2I 0 25
R rE 2.

x 10°

o AR
+  Pareto It iR £

FRIET]
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20

0
8.1 8.2 8.3 8.4 8.5 8.6 8.7

I 8 10°

Figure 2. Pareto solutions
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Figure 3. Wind power
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Figure 4. Thermal storage
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5.3. #EY MOO-ED #8! 5@ 2 RMOO-ED E& X} 434

53.1. =ZMRBILERLLEE

KRBT MOO-ED HE2, P RMOO-ED Ao N & & e 2 5 I 1 A5 BUR it PR 1
MOO-ED #57 ; Hf 25 8 XL P D 2 95l H AR R AN AT AT 4030 ) RMOO-ED AR — A& B Y s
I A b 500 X R TN ] I D0 0 AR R R R g i T UK X 33 Y 8 RMOO-ED A58 . [ i bR BB X L 45 SR A

T 1,

Table 1. Objective functions of three MOO-ED models
=1 ZMEFAERE BRI R

PAE T/ N R 2

i iy 2 — i B IR HE Af =10%

10% 8.1522 0.2362 8.1344 0.1885 8.1201 0.1710
15% 8.1424 0.1864 8.1247 0.1880 8.1099 0.1697
20% 8.1365 0.1609 8.1206 0.1784 8.1095 0.1550
25% 8.1109 0.1555 8.1169 0.1555 8.0979 0.1328
30% 8.1098 0.1550 8.1095 0.1418 8.0964 0.1020

B E VERL R RO PN BN I, ELAB IR KU Y 293 BB, — R R R AR L R € A =0,
BT HURX IR GBI BE A =10% o THRZREBWIA SIS B 2 iR . AR XU

MG E 5.
240 ; ;
—— AL TRIINE )
WA K N
20 I —REETI T R AL )
- BURIX S AL R K )
200
Ei\\
= w0 *\E\é
= A c
— \ o
g 160 \ / f
> \ \\ '
\\\\ y A . / / //
. \ &i\ S LA
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\ 74 /
N\ \/
120 - //4' \\%/
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Figure 5. Wind power of three MOO-ED models
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Figure 6. Thermal storage of three MOO-ED models
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Figure 8. Objective function f, (wind curtailment)
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