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Optimization and scheduling of power system stochastic model predictive
control based optimization and scheduling for power system with large
scale wind integrated

WANG Rui', ZHANG Yan'', WANG Dong?, ZHANG Tao', LIU Ya-jie'

(1. College of System Engineering, National University of Defense Technology, Changsha 410073, China; 2. Department
of National Defense Economy, Army Logistics University of PLA, Chongging 400041, China)

Abstract: Wind power is an important clean and renewable energy. Integrating it into smart grid is significant to the energy
conversion and emission reduction. In order to reduce the negative impact introduced by uncertainties and randomness
of large scale wind power integration, a stochastic model predictive control (SMPC) based optimization and scheduling
approach is proposed to coordinate to the wind power and traditional fossil generators. The discrete generation regulation
constraints of some traditional generators without the automatic generation control(AGC) function are considered, and
schedulable loads are introduced to make the system more flexible. A mixed integer quadratic programming (MIQP) based
energy management model is constructed, and the regulation frequency constraints, minimum up/down time constraints
and discrete output constraints are all considered. A two-stage scenario cutting method is proposed to efficiently choose
typical scenarios. Experimental results show that the approach proposed is flexible and efficient by comparing with the
traditional scheduling approach. Furthermore, the impact of start-up/shut-down times and schedulable loads is discussed.
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B A B B R I TSCHALA I AT /15 I ARAS A ST AT
AR T EARFF— 2L

HH T A S 2 A e A AR B LR FE
7 9%, A BAG) SR FH SCHR [9, 21-23] BT 2 H A XL B R
o % 22 M A IE K 23 A B 1 S A5 A 2 4, 95k H
2.1 75 BT A28 1) JRCFEL S ) AN 5 JRAE % 3 S e 5 1k
AE LY ) IR TH 2R T 37 5. TSCHHLZE . AGC AL
A AT L AT DL SO L FE AU L AN P 5 ~ P8 T
7. BT TSCHALAH 1A ik 72 Hp 75 B BN 52 - T4
B, BB AT Th 3 2 I8 B RHAIE, T8 18 2 £ SMPC
Mg I8 SDAP S lE '~ , TSCH HLAL ) 52 briz 47 h %
A2 5 02 TR FE B B a2 1, W 81 5 BT . SMPC 3R
W T %% TSCH AL & )% i FL BB 23 1) 24 330.8 MWh,
302.7MWh. 380.37 MWh 1227 MWh; SDAP 5 %
% TSCH ML 4H & (1) fai t L g 43 79 4 330.48 MWh,
296.85 MWh, 378.2 MWh #1219.35 MWh. /<& SMPC
H1 SDAP H B~ % TSCH AL ZH i th = /) B B AH 2 A
S AR S, E B 21 it T 308 R AR AE — E 1) 2%
5, X — 7 5522 K 4 SMPC 5 g Fl SDAP £ i 12 17 H1L
] () AN [ T 3225 JROK 21 AGC WL S W] i B 4 7 A7
KT Zerh
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time /d
(b) KF SDAP it
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g 5
I T S
2 0 ‘ ‘ I
0 2 4 6 8 10 12 14
time /d
(b) K SDAP %%
& 8 TAEEHTIE SMPC 5 SDAP I THIEITIhER

SMPC 5% T 2 AGC HLZH & (1) % L RE 7 3l
4.63kWh. 2.63kWh; SDAP & T % AGC HLZH & 11
iy Y FELBE 2> ) N 5.28 kWh.  4.46kWh. AGC HL4L7E
SDAP i~ LL7E SMPC RS #i tH 5 22 L RE S LA
T2 ER: 1) A X T SMPC K08, 5 4 T SDAP 5K i
N TSCHHLA & Faf th A /25 2) 354D 7 TIP3
I 5 B FA AE R TUIN A% 22 7 A TR R P R G o Th R AN
/2. Ml2H AGC 2 7E SDAP 5 i T % 2 F SMPC 5 i ]
i A BE 22 1) W e, L D[R] 2 SDAP S 7E SERT AR
e 5 ThAAMER BCR A T 4 ml s BUs L& 5t 4y

e SR mE. IEAh, 1R 7R, ML AGC 2 76 3 26 ) 2 4y Y
&L T EEHL4L AGC1 B N4 5%

B — 25 UL 1 2 T SDAP 55 [ T 2R 4
P, A7 LE B/ O B CBEAN D7 NP — 3L 5h) 25 H
T IO R 22 ROK, 13 BUS B AGC WL PR K ) %
i RT3 DL 2 R G 7 SR IS 00, 1 B 7 B . 31X
7t 7 B JE B o5 F DR e L ALZE LSRR BT B Th 3R
A 2. BT SMPC A & it LA 1 A3 S it S5 R sh i
AL, DL T T AN 7 1 S B 2B it 1 i 2 37
AL, 8143 SMPC SRIE T AN 75 22 B it ma o2 1) %%
FABLAL.

U1 8 It 7k, SMPC 5 SDAP S5 I T 2 45 vl i JiF
AT RIS AT PUBAFE R 2 5. SMPC SRS T~ 1] 1 i
Fgs B R # 22 LAsR T 218 4T BB, T SDAP 5K
WS A 0 2 R B e KTh 3B AT 1 o 9F B
FHXE T SMPC 5, SDAP S5 W N Ft A 1 B 47 i 7 22
16 9% B A [T 8] 56 AT 55, SMPC SR T ] 1 & 471 4%
—JLIZ1T 144.5h, 1T SDAP SR B 0] iff &£ £ %%
17206h.

SMPC % % 5 SDAP 5 B 1 V4 B 22 57 1@ i 70 X
1T R REREL. 725 i RE I 'ﬁ%fﬂ?ﬁﬂim%&'\
HEE RYIS 1T 5N RS0 R B 6 A g
1Y) 5. A X% T SDAP 5 g, SMPC 5 % T (1) 3¢
P 9/, FE AT D9 I IR B R A, A
P75 BB Y, SMPC SR T 1 37 RUEL &9 644.76 kWh,
1M SDAP g 1) 7 KU 504 28.7 MWh.

W9 Fros, R SMPC K H 1 PR I bl i, H
TETRSC R MY BeR T 2 3% 50 00 5 AR s Tl 22,
RGE SR AFAE — 8 B 38 AT 9, He B R n R 1) P
2 To ik 58 45 I B, SMPC ¢ B 7 S I AL 4k 4 it 5 20
FRAMEBY Bt 32 AT AL e DA 58 A KT A7 78 1) T 3

72:2) 71 BT AR BR B (4) TR E T 4 70 KRBT,
FKEUFE AT N2 LR % AGC 77 R A B 8 B 47 kT
TR N 5. 2 B L SMPC SEIE R (1 35 AT N 5
SDAP S HE N {375 AT Ay 2= A it BRI 22 57 =2
53 P9 o S S A Ak B TUI AN 1 T PRI A A G
17: SMPC 5 g % FH 1) P 34 S At ML, A 6 AR 48 S5
{10 TN &5 SR 18 R T AR 28 DA S 2R G oA Sk — B[] 1)
fy {8 A 07 LIS S P )4 o R SR v P TR a5 22
U6 2R FFAE /N B Y (R B0 10 22 HH IR 1
TH 5 2 {f); 1M SDAP K FH B2 HF H L], — KRN R
e TOUIN R 8 FE AR A — Ik, Bl 2 1) R] PRI 4E RS, SDAP SR
T F TIN5 2 R K, 15 SDAP 5 S T8 i MR 48
T I R BB S B R R AR Y 5 R G ARk — B

—Jkiz
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W13k 2 Fi 7w, SDAP S N 1) R 418 1T LA
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H W T A TSCH HLAL AT AGC HLZH BE 4T LA 35 e
SDAP 5 % R (¥ &, H ' SMPC 5 % T 1) TSCH #/L
YA AGC ML 3B 47 AR 43 3 2 2.21 % 106 § Al
3.98 x 10° $, M 'EAI17E SDAP R & N HIIZ 4T A 43731
92.16 x 106§ F12.59 x 10° $. H1T SDAP & )
IR, (515 R 48 A0 A4 ) W SR 0 3% B Jon 4 1 e
TR ASHS 72 14 52, 5 35 SDAP SR IE T 1) R Gi 7
RAS R 24 FHMLAL S 2 AR g 1S 1. SMPC SR~
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108 S AEN LR, X R A2 2 (14) 4R
JE IR, AH 2598/ TSCH ML [ 3 158 IR B 45 K B
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WE 10 R, B4 B JCTSCH B A7 IR B R A
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J& % TSCHMLZL JE 457 IR B LTSRN, J3 125 IR 3043 31 A 8-
1420 F1112. &% 7 Fi45 TSCH HLALE )7 F A e Py i
() JE AT B 25 K (B4 TSCH 1 1 TSCH 3 1) J5
15 R BUAE 25 3 45 B2 RN AN 25 FE A5 B 20 R
THOLT, B RBA B, R 5 eSS A
K(EEARNHT). K 3 FiR, H B A 8 TSCH
MUZE 1) i 45 O B0 R GRis AT R AR B2 M AN K H
10 f 20 B 1T 01, 6 22 458 b TSCH HLAL & 1 J5 158 T8
S AN K KT R GLig 47 SR AR (8] |23 A, AN B
BORE R, %5 8 TSCHALA S 15 BT R IW & 4t ie 1T
SR A B 18] B AN 25 & TSCH LA 457 IR B2 3R 1) 3K il
B[R] 3G AR 1s. 25 53 B, 5 FE B A5 & TSCH
MU JE 45 IR B R GE 5 A K, {H % TSCHALAH
JE AT RELSE 51 4y BO ) AR FE R, — MR e 2 AA 5 18 2%
TSCH LA A 15 L.
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Y D L m] U8 E B e, W] AR ) 51N RE
7 2400k /> 3 Gt ) 3 AT A, BN & S R v] I B g
77. BB R AL A TG AT R B A e R LN R TR
HAL BTG PR A FBA A TS B B AR Ak, (BT ] R FE 97 g 1
T R 4 A7 A A S B B A TARALB AT, A I
DhERIARK. B 12 90 B o] i, A ml B A 1 L &
41 K3 KRN 644.76 KW, T 6 7] B i 5 100 R
ARG AT E N 14044 kWh, K4 — 5% lid
51 b 7 V] ST DR AT E RO B B S et
FF B3 MIX —ThEE b, Wk 4.
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2. TR b, A T FEE A A A, DA S T
18801 28 5 B0 0 A 3 1 A AU T U 3 IXURE,
U 2 33K 53 A6 S TR S BT 48, R 3 5 R
I8 B, LAE e 78 IR LA H 3ok o e B
4 & ©#

R FEL PR3 P 2 N FhL 0 8 05 7 2O A 1 R VR
ik DL A R B P T 51 A2 R PR e i R, AR
395wy H 0 R L ) B 2 4 v RG0S
1 FEE ke — 5 Y TR R, I 2 ) 55 S R 4T 1 Ak
5K FLE T IR A AGC T RE IR H: G5 FLLAL. A 3R
Hy T AT SMPC 12 A B RU B N FEL ) 2R 111

W RETT i, 2 AR GE B B 7 AT AR ) R R
TSCHHLAL AIESE B sh1% i1 14 5 (1] AGC HLALLL L6
o3RI S, O Fo VR R R I FE R R AR L B 3 AT
9. BESL T A R UL RN H ) & e DA T 110
MIQP H A, &t 1 9 B B 3 5% 4 Y 77 125 LA PR i 1
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