H48% 110 € ) ERGEY D EH Vol.48 No.11
20204E6 H 1 H Power System Protection and Control Jun. 1, 2020

DOI: 10.19783/j.cnki.pspc.190920

Z[EF KA % BiRrBRIZRE LKL

RRE', Uik, Adhis', EARES

(1. B B #x A T AR A TRANE] , #P ok 315300; 2. B M Fmaum gt A rRAE), #ir 4 310000
3.4bd AR FE, T 100026)

WE: W) 20 REZE AR, X I T SR N ] DU HLALR S P BE SR LA . JR I T — P51
SRR 2 AR A A B EER, 58 TR, DR DUMCGRGE AT SEPE (0 AR, R A St 2 B S AT SR A
R T VYR BORMR AR S B A, B T SRR S R K IRAR IS 3o IFEE R /R U B
R WA N ST AN o RIS ST T 2 HASHLALR S LAY . FERRSE H AR, 558 T DB HEBA AN HE TR
IR, IR T AR BB 2Rt . ST dEPRES TAS e MEAEAL, B RE T A RN B
R EEVE SR bR R . SRS M 24 1Y RURGEEAT O G, LW TR A R R A

REEIR: WORMAN AL 2 H ARl HUARE IR L

Multi-objective optimization of generation maintenance scheduling considering demand response
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Supply Co., Ltd., Hangzhou 310000, China; 3. North China Electric Power University, Beijing 100026, China)

Abstract: With the diversified development of user demand, demand response can facilitate unit maintenance scheduling.
This paper proposes a multi-objective power generation maintenance scheduling model that considers demand response,
takes the objectives of environment, economy and system reliability into account, and uses a lexicographic algorithm to
solve the problem. First, a four-stage solution process and the lexicographic algorithm are proposed, with the explanations
of the incentive index and the system reserve level indicator. A corresponding model for demand side management and
demand response is built. Then this paper establishes a multi-target unit maintenance scheduling optimization model. It
takes into account the impact of regional emission values and emission levels in terms of environmental objectives, and
accounts for the next phase of constraints. It optimizes the minimum operating, maintenance and backup costs, and
considers the maximization of reliability indicators with demand side management. Finally, the model is simulated in a
24-node system, and the effectiveness and applicability of the model are illustrated.
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Fig. 1 Solution scheme of the proposed method

Bro AFEbRSBrB 1 PR KT BARAER, JF
H TN HI 2B B 2 2257 HARIsAT AT . th
B, 4 T ARERRY B2 (A A, BB 1 R AOK
R, BB 2 HEFR AR

Fm:HFm—&m] O

Pr:lax
Kb Py o N BOWLAHAE G HARZY R R I )
AKF, ATAETEE 1 183); P OB D) B 1%
FebR R A FHLAL LU R il &, ARAE A B4
SCRAEIR H /N, HLALAT T8 1A HE T Lok,
TERAY M B, ZfabsiNA 1.

TERANPY B, & AR nT L I R Stia
ITRIXT T R SR AW o HERE G faf U (LA
BRI R R A Pk, X BB BN RG]
SEMERUR. IR RS B(0) s Rt

Y. D)
t)= bely 2
M)Z&Jzﬂm @)
1.3 XKREZE

AScrh, SRS R AR SR AR 2 H bRk
RIAE . %7164 H b o 30 R R
AL E s Rgifee, JHESAM B A
MNHVERE B, fEREE HPRR B, B




-112 - @ ERIEF B R

min £} (x) = £’ 3)
SRIEOAEE — BB H AR R RN ORUESS—
A HFR R E ) S AR A 58 A H AR R B 20K,
B F(x) < B REES A HAR R AR SR AR - 2 )5
A=A Hbr 3, P E(x) <K M F(x)<F;
PN LR LR B 2 AT AR A . RG22 BRI
R SR AR AL Ay
min £ (x) 4)
s.t.
F()SF (X);Vj=12k-LVk>1 (5

Fi(x)<(148,)F/(x)):Vj =12,k =1;Vk>1 (6)
s 6,10 1 TIBIE R0, & 4or HARrH
R F () F0R Fi(o) M.

2 FRMETERFKMEEE

5 SR DN B VR4 o LAY ) T SR e AT S A
PRI, LG Y S o A . AR SR A B Y )
NP, —RIET IR, TR TR
o SRy AN P AE S el inh, 3 =Rk
EC S RE ] v 1 S i BT oy W

ERREH M 5, Al Rk B A H P e
T~ FLREOTAS IR SN ORI it S5k R R T 28 A7 ey it
LRI,y T RA R SR S G AT A e,
2 PR N AT (R DR AR W 3 i P A 5 SR 2K
B ma R f g By W U L R
Pl s . ekl
Dp (1) =(1=E)D" (1) + D" (1)

P (D =P () + 7 (N + 75 () Ay
@+;E“”X PL) J

(7)

R0 R, PRk A T LA
W, WRH PTEI 1 MW (R KA, R4
SEAT R PSS AL FRRh, UL £ SR
kAN

PAD (1) =7 ()l (D" () =Dl () (8)
_D'()
"0="p ©)

i R 7(e) B 7, 7T LA BIAS R I B )38
AT Hodv o S BORAE SR, TR R L
SRR

P B, 530000 A= (1),

P(AD" (1)) = B (DL, + SOl + BL(t)  (10)
p(AD () =op " () + Y. oy ()7, (11)

3 ZEFRMEIBAHBEISEERUEE

ASSCHLATAAG A BE DL AR ) A A 75210396 2
SRR AE TR, R R R A kR
e, KRG EENEAWHRTE . ASCR S B £
D AR
3.1 BfReRsy 1

Wi Hbs e dnHiiie s . RS, Hldl
(IHE BRI E R R A, T Rk
D} HEBUSAS, A v PPN BRI
K ST HLAL S A s TR AT P 2253

minf =3 3 v [E,;muf(t)+ 3 E,i(t)y;;J (12)

e v ORI ONA B Enn WHLAL i (T
FWL E(6) BBV i 25 ¢ B k BHOHERCR: (o)
WHLALLAIR, 1 BT, 0 BESE: 7l
M2 & BRI N UMLELROE: N s 22
PELLBORY,

LR
1) e P2 e
D RM=R. 0+ X B®  (13)
Bl ={P0)xu' O} + 3 Gy (14)

keNgg

Zwmﬁgm%wwnago+23w%<w)
> R (1) = SR(t) (16)

ieNg

0< R (1) <{Ph ()= Phyy (O xu' 6y (17)
PO <P <{PL (0)xu' O} -R(@®)  (18)
Kb P WAL § 75 BT PN ¢
B IGHRE s PL(6) o s TR 5 b 78 ¢ BRI
Feks PL(O P (6) 45 B HLALE N R K
W3 G HWLAL i 7E ¢ N B VLR & BT
H15 SR()H ¢ WEBOVER: 6 2 R HLAL i 15 ¢
I B 1145 FHL KT
P Dy BOT i 2 R (13), RIS R R A — i
S5 H
2) KHEZIH



BIRAS,  HuEH RN Z HARHLALRS T AL - 113 -
PN AGESS (19) > r()<e (35)
da'(=1 20) e s R AR OCIBERE R f() Rt BT Th
C i W s g0 N BAT IR ST 0N B
m@=mi=h i” ® @D g, PG BB R & N SR
s @2 TR £ R E R
mahmaﬁmaﬁl 23 3, BEES
@' )+’ (1)<1 24) 285 AR H P2 RGEA TN BFHIEAT.
Horr, B2 LR 2R e, 2 HRCALE N PR A B/ o
da'(nza’ (1) (25) _ o o
<7 . F%ﬂ%imw0%+§:GK0&]+
> ' (6) < 8(1) 6 Minf=2 2 keNs
ieNg ’ mi(l‘)/lci + Ri(t)/lé
o' (t)=a’(t+7 +k) (27) (36)
1<t<T-7" -k (28) AP LR
re o 1) F=(13)—(35).
Z (o' (O +a/ (t+7' +k)|=2 (29) 2) KA.
ZD'i(t) = ZU"/(I +7 - h) (30) E i(t) + E/z( (t) ]l(] < El* (37)
3 mi ()< N, G1) ég(wl gﬁ 4

X m' ()N i 4F ¢ BRI B IRE: &' () N
KHBPIUEIRAS, W SRHVRAEAE ¢ W BWILG, MK
1, HAh 05 o L4l i B RFEEK; NY hIX
B A RE L4 B KR

LAV TH e @ R EEN; X
(0)E Y T B A HLALLE S & I 1) B T3 T — Ik
&, BELER B T Ll R D ARE; K (22)
i e B RPLAL S RERRR; RE3)IEH
HUAARERIB A 2024) @SV THLAL i 1
BT HAL j; 2X(26)FK 52 AR I LLL R A
BREAR; XQ)ut A TRERBENK; X (30)
ULHARLAL i A j IR RS TR @ M E S A X
BRI P RAE LA 5 KB, B ) R
e I T HIR e (19— @) AR L T
(RN, TR (23— G )W T R4
PEIBRAE

3) LRI LW

MU AT AEAN R () DX 48K, 3X 25 5 B R AE TR
DALMY M AR FE T 214l , Y Rk A D) gy,
295 A LR R SRR, B ERAIE R e D R D T
R LB SRV,

s fE@) +g)+r(t) = Py (1) (32)
0<7r" ()< PL(t) (33)
o ST Jras (34)

22 Vi{Eéqinui(t)+ > Ei(t)%’;JSE: (38)

X () IPLAL i 7 ¢ WBEREREG Gl N
WAL i@ BARK A GO AHLAL i 1 k Bttt
A A IRARIR AN § RE A o
WAL i IO BERE 2 AR s E) I HEBUKY s E, A HE

JEUE
B A AR S e T HEBOS T AR s, LU
B o

3.3 BtrE%L 3
HbrpAEL 3 TSt Hbro % HAn & KA
JE I B v 46 FH E P,

=10} 5 2 0-n )~ 5 A 0]

(39)
Ly AT ALEE
1) 2R (13)—X(35).
2) A
Pain () < Py < Prr (1) (40)
P =[P @' O]+ X o00) (@)
0< 0} (1)< 07 (1) (42)
D (0 < Nogg e (1) (43)

beNy



- 114 - ® & AEY B

D P (=m' @)=Y P =Ry, (t) (44)

ieNg beNy

Z[Z LD P;’(t)J
Ry, () = a(1) Z PSR (1) (el \ieNg beNg

= 22 h®

teT beNy

(45)

> (Eému"(tﬂ 2 E (t)%’;]S E"  (46)

tel ieNg ngéh

Vi[E&inui(t)+ > E;i(t)%i]ﬁE:* (47)

teT ieNg kENér-_

> (Gi,ninuf(t)+ Y. GOA +m' (DA +Ri(¢)#§j+

tel ieNg keNie
b b b b
) (amcmm¢’(t)+ > o (t)izk’JSTCl**
teT beNy keNé’l

(48)
A BONINE ¢ 5 MW & ME: pop BHTHLD
SRR ¢° (1) Ry ¢ BT R b (R 7 SR R
& LA ES, 0 MRS o))kt B
b e k BEANEE: Norrmax(O 4 ¢ N BES
5 SR WA . ) S R HEE s Ren(0) ) ¢ I BUdR /Mg 46 1 5
E;RVE] D5 = A~ F b & H0h 45 2 () HEBOK 7 il
FERAE
FIBBTT RN, Po()ZA Ppr(f)s WUAIKIZK
- h 2X(40) € s X (43) W] T 7 SR miy A7 B2 1 e K
Ho; @Stk THLARAE L2 T K
Rn(O)VE Dy BIAEL, 5 8wy it > LA SR P i B A A 45
LG R s 2 (46)—2(48) WA« HEHOKF- LA
FAFTBUSA I ZIA,  BEA B b H AR R H

4 HBHISH

4.1 RLiRAA

WE2FT R, ASCHEE247 55 R G AT
Mr, 15 ELIA5E  Matlab2014b. i% R AL 3626 5 W41,
L ISERIMHLAL0), 9B BRIENLLLC), 264 H
BN,

W PEI B S2 8, A 2 100 MW HEJ
BR BT A BR B R A 2082, BES A 1 U
T A N R RE A T70.05 A T S DI T — IR BRI AL
T ARBIHLAL I X 4k 2 5, R 3AN IX ZE g,
I380.8. 1HIL2 Vibs. A T {E g I E T MLl

HHACE, %84 H 28 a@), B: 5T fue i
K 88%IMI i, a(t)H0.55 X T75%~88%I[K1 /K F-vu
Hl, a()HL0.45; K T75%I1), HR0.4. [FAFEHENLA
Bsmttg, =ahidn] LR G . A2
WL, REAE AR RS TEASC SRR T iE
H, 6740.1.

I P e T SR BERTAS 25 5 SR 0 A% B
PiFhg .

2 U TR ARTER
Fig. 2 Schematic diagram of 24 bus system

4.2 BHISH

1) ANEr R aE Bl S5t

EZ s, R WL HE O AR B M AR
tho R, FIARRIMEER, H109.568 M, i
hAEE, FRIEHEBOKE, K B E SRR K
10%1E B B2 2. Ak, sRE7HMR 3841k
H137.675F1120.525 Mlbs. £EMT B3, #1545 HIME
Ve RAARAL s HETBOK T LA S B 2 1) A= A3 384 T
10% B0 B BB . R, 346)—2048) 1
A1 5124 139.404 Mlbs, 121.518 MFI1264.078 M$.

s R A g5 A3, nTLLE
HEBUEAERY BO CAL T BAIME, RGATEN B2iA
BIRARAE, 7EBYE3, ek —48)1 IR
LI I B2 S R 110%, ARG SHT—Br B
HATHRRE, 38008 ARG . 18 38
YT BEBY B I IR B(0) R 25 FHZKF, 7E1—3B Bt
A3 k1 421.577. 1420.683H11 460.865 MW,



2 RE R WA K 2 HARHLA R B A

- 115 -

250
200 + e
e 150 § 3
= 100 | %
?
?
50
?
HAIEOD  HFHOKEOMIs)  HAQMS)

S
3 HEMUR AT LE

Fig. 3 Results of emission and costs

B WA RIRAE N W] S 2R a1, R B I 300 A
# AT 4.
1 BHARBEREER

Table 1 Results of maintenance plan of every generator

L4l o1 02 03 04 05 06 07
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Fig. 4 Results of net reserve of every stage
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