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A Multi-objectives Stochastic Scheduling Optimization Model
for Wind-photovoltaic Pumped Storage Power Station and

Convention Gas Turbine Considering Uncertainty
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Abstract: To support the high proportion grid interconnection of renewable energy power generation

such as wind power and photovoltaic, this paper integrates the wind power plant (WPP), photovoltaic

power station (PV), convention gas turbine (CGT) and pumped storage power station (PHSP) as the
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multi-power Hybrid System (MPHS), and establishes a WPP-PV-CGT-PHSP stochastic scheduling opti-
mization model based on robust stochastic optimization theory. First, this paper introduces the basic struc-
ture of MPHS and establishes a multi-power output model. Then, based on the optimization goal of system
operation economic benefit maximization and output power fluctuation minimization, the MPHS scheduling
operation multi-objective model is established. Simultaneously, to overcome the uncertainty impact on the
system, this paper presents an uncertainty characterization method of wind power and photovoltaic based
on predictive power, transforms the constraints containing uncertainty variables into the constraints reflec-
ting the decision makers” risk attitude, and then forms MPHS stochastic scheduling optimization model.
Finally, WPP with 9. 6 MW installed capacity, PV with 6. 5 WM installed capacity, 3 CGT and 1 upper
reservoir with 10 MW « h equivalent capacity are taken as the simulation system. The simulation results
show as follow: 1) MPHS can make full use of the power generation complementary characteristics of dif-
ferent energy, and achieve optimal overall system operation results. 2) PHSP can optimize and adjust the
operational behavior to provide greater capacity for wind power and photovoltaic grid connection. 3) The

introduction of robust coefficients can provide scheduling decision-making tool for different risk — prefer-

ence decision makers, minimize the operational risk during chasing the maximum economic benefits.

Key words: wind power; convention gas turbine; multi-objective; uncertainty
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b @ il R NS AR i N [ N P e R
s B A1 B S it L W LS LA B BRI 4 Sk (1200 — 21
00),(0:00—3:00,21:00—24:00) F1(3:00—12;
00) s A R B4 s B A 43 1 28 0. 77 56/ (kW « h) 0. 59
76/ (kW « h) 1 0. 30 5o/ (kW « h); CGT,WPP A
PV 1y b R B #4350k 0. 52 56/ (kW « h), 0. 61
JC/ (kW « W FI 1.0 J6/ (kW « h). & 2 Jg $L % 671 fif
H 7 a7 7 SR S ROG AT T 7.

®2 HUGEHHRGEHERERMRE SR ZEH AR

Tab.2 Load demand and available output of WPP and PV in typical load day MW
RG] o WPP PV oG] o WPP PV it A o WPP PV
1 15. 26 7.51 0 9 10. 81 3.45 3.63 17 16. 22 5.07 4. 77
2 14. 60 6.91 0 10 11.17 6. 50 4.50 18 15. 32 4.19 3.18
3 13.70 8.37 0 11 11.53 5.92 6.37 19 15. 14 5. 05 2.93
4 13.15 7.41 0 12 12.61 5.93 6.17 20 14. 26 5.68 1.91
5 12.43 8. 36 0 13 14. 06 4.79 8. 41 21 13.33 6.55 1.31
6 11. 89 8. 11 1.68 14 15. 14 5.87 7.16 22 12. 89 6.99 0
7 11.53 6.62 2.06 15 15.32 4. 24 7.39 23 12. 88 5.71 0
8 11.17 6.33 2.49 16 15. 86 5.25 5.69 24 13.25 6.39 0
4.2 ZHERSW I R 3R P R 5 s U T /N AL R A g s T XU
4.2.1 EHEILAC I A RO AT I R POR E A SR BB KM ap. A T IHE KOG

56 430 LAER B AR R EOE S AL B AR SR i 2
FL VR R G0 R RS RY L A5 3 H AR 0 R B A A R G
SRIG I (37) B2 (40) AT H5 H AR 26 501 AL E
FB B T Rk a8 B R H b eR BORT 8 3N 1 B/ B B
PR A B R G243 1y 0. 76 F1 0. 24, — R U X

AN E P 25 R G ok B AR LB R BE LG
R IEH 3 MPHS & 4 BE AL I B2 AL AL SR B05E T
MR e=0.05,'w=Ipy=0,0.5,0. 9, Wi A [7] &
P REC B X RGBS R A, R 3 AN
P RBCT MPHS R 418 Btk 45 2R

x3 AEAESHEZRHT MPHS ZEABEMRULER
Tab.3 The MPHS system scheduling optimization results with different robust coefficients

(Tw »Toy) wpp/ PV/ CGT/ PHSP i J;/(MW -+ h) FHE/ (MW « h) H 7 56 B
(MW « h) (MW « h) (MW « h) ) % H, WPP PV R/Y N/(MW « h)
0 139. 841 66. 168 124. 388 —9.706 9. 546 7.360 3.483 10 885. 20 2. 486
0.5 132. 481 62. 686 135.798 —7.726 7.487 14.720 6.965 9 580. 45 2,154
0.9 125.121 59.203 147. 329 —5.852 5.654 22.080 10. 448 8 938. 88 1.832

R4 3 AL, Y R G5 A& LI LB e
5 BEE SR Y, B bR R BUE B P B, X
LU B RBRE F T 45 5 KOGA T € KR by 45
il XU e v I ) HE . AN A . MPHS 2 48 28 35 30
% 32 A0 B ARG AR RO HB 2 238 38 2 T 2 o A 7 AT
TX % W] 22 G0 7E R0k JXU RS Bsf 77 K HHAH I 1Y) 28 5 28 i i
R I Z A8 B T 2 B A3 W 7 AR HH R
() KOG AS B 5 M RV % B Dw ey =0 1 Dw <oy
=0. 9, RE 5, REF XA FOCH 5 5 H1 7. 360
MW « h 1 3. 483 MW « h K % 22. 080 MW « h

110,448 MW « h,CGT % 1 & 124. 388 MW -
h 3K 2 147,329 MW « h, ] & 48y ML XUOE A
T s 1 XU - o B 2 R CGT MLEH 9E 47 % o L 306 2
T ok, B 2 FoR Dy = =0 B MPHS 4 8

M8 L 2 AT LA B 45 A 2% 58 X6 AS B 2 1 X
W, TE B 2 AL BB anvar T s RGEE i ] T 38
B2 A AR B KA AL H A% o BRI XU RIS AR
I B B Ok B A KL B 139, 841 MW - h Fi166. 168
MW « h, 55 XURI 556 HL 5L 7. 360 MW « h Al
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3.483 MW « h. iy T KUAL FIYEAR % At JF 0 HL 48 52
R ZR G T K 75 B HL il i R RO L R L T R R
AETH 45 —9. 706 MW « h fl1 9. 546 MW - h,
LR o 28 8 U 28 5% A0 4 L 2k 3] g R fE (10 885. 20
J0) BN REZ ALY I - A G X' it 2 R B O 2=
O 2. 486, 0 de KAE L X R AR S8 XU K T 3K
19+ 7 R U D G AR 58 B AN g I o 28 G 2 T i 119
BOR R w i WUR. 18 38 7R Iw = Loy = 0. 5 B
MPHS iy t 353 A
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Fig. 2 MPHS output power distribution with I'y =I'py =0
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Fig.3 MPHS output power distribution with I'y =I'py =0. 5

XL 2,45 RGERE N BEIRZ B KN
15 RIS 5 25 20 AU H RO AR & H 9 T H o, 86 T
CGT kMM . # I'v="Iw =0. 5, WPP, PV #i
CGT % Hi &4 %4 132. 481 MW « h.62. 686 MW
« h Al 135. 798 MW « h, 75 KU 4> 5 4 14. 720
MW « h fil 6. 965 MW « h, RHE LKW HILE
9 580.45 JG, KOG H s DR 8l 7 2PN R 2. 154,
Bk Ul 7R B, RS CGT & o .
[F B, AT DA 31 XUH RGAR K H JF I H 5 1 AR
SRR G K B REH S & TR Y Dy =
ey = 0.5 B, PHSP ) 55 B F1 AL AL 2 45 3] o
—7.726 MW « h 1 7. 487 MW = h. X i B & 1 &
51 AR Ay P R 3 4 A4 XU e SR 4 o o TR O

0 RS i 4 78+ 23 3 RO K HL R AL Bk CGT
Jera X PHSP & @ RBOR. RZ AR R
DRV DR A TRE ) 2 e IR KO e R v B 3 CGT &
FLHL AR 0 PHSP () % A6 KA B4
4.2.2 FKE R R IEEATE S

PHPS BA7 K S v Fifib /K 35 E BUE 5 1% » 72
IR A it B ] ) FH 3 TR AR PR A R A 41k K 35 6 L 7 vy 0
I B FEAT K S FL AR B A A M . AR Y R )
Hraih ok 2 REHL B X MPHS R Geia 17 i Ab 300 » 3
RE Dw=Tpy =0. 75 MR ZERECN 0.9, K 4 4
A PHSP i R G HE LA 25 2R
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Fig. 4 System scheduling operations results without PHSP

MRAE ] 4 0] 501, # MPHS 2% Bl K & fig i
o KU R G AR & H = 2 CGT ML 4 4 3 A 0ég A
MRS AEEBE R BN A T O RIE R G
AT KRG AR & Ha e 3k B B I, 35 XUR 3 6
B4 B3EF] 25,587 MW « h fl 10. 447 MW « h.
TREBAGR LB ERRFEK, RELT S FEE
7 793.55 JG . fH AR RO it 2l 32 3 7 25 W R AIR
£ 1.89 MW « h, X IR & R4 R 40 R K- B
BEAG AR SR ARG AR IR SZ AR I B k. & 4
ANFEETE T MPHS 2 48 B Ak 25 5.

R4 & 4 WA #7 MPHS % & PHSP, R4 H
AR RO AR K v 4 b 8 e R 4 D AR 55 6B 0 3 s XL
FL I AR & R H o A A T 3 s 7 ORI 350 He 4y
Bk 17.664 MW « h f1 8. 358 MW « h. I fif B fIi%
% 14.18 MW, A # T E 11. 05 MW, 1§23 H A
F 1,50, R G455 /55 A XUE: K S B2 T R 51 A
PHSP F R G117 45 %, th T Kb FG AR A& Ho H i
3G, MPHS 28 3% &8 45 38 i 28 7 954. 29 JT., [ I
KOtk B D2 8 Jr 2 B K £ 1.84 MW « h, X
F W] PHSP gL F+ MPHS I 44 XUt FOG AR &
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PE—2 BAL A A R 75 PHSP B MPHS R 40
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Tab.4 MPHS scheduling operations results with/without PHSP

WPP/ PV/ cGT/ PHSP HJj/(MW - h) 4t M 2% ER7EE4
(MW« h) (MW-h) (MW-h  ge B WERT/MW AfE/MW iRl R/Y  N/(MW - h)
Without PHSP 135.01 108. 21 59. 20 0 0 16. 22 10. 81 1. 50 7 793.55 1. 89
With PHSP 132. 81 123.15 61.29 —7.93 7.32 14.18 11.05 1.28 7 954. 29 1. 84
mmm R —A— N L5 RECRTIRZE T W RGEMACE R CGT Yldliz
Tk J1. B 6 KRR A A & 4 R B B R 2R
180 £ MPHS iz 17 4 3 8045 A1 XU 7K S
= 14.000 - —
175 é 13000}
% tuW) 001
1.70
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— 005
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Fig. 5 MPHS system scheduling optimization results BRERET
with different PHSP capacities () MPHS i&47 4 5 2 4
3.50
MR B 5 A A, Bl & PHSP Jf 9 25 & /9 38 s 200
MPHS %554 55 %0 1048 57 0 1%, 7] B MPHS g oo
RSt T 2 0% 8l 7 22 5 W R AR, X Ui B PHSP RE 6% & 20— ——003
N N N \ S — 0.05
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Ak R ik EI ¥ 8 738. 88, i WOt Hh T e 8y 25 ¢
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MPHS 2174 ¥ 8 28 B4 T 7. 3420 MPHS 3517 X
B ACEREAR T 2. 16 %6, {24 PHSP %5 & i ] 25 MW
(RE2E ML %5 & A PHSP & L 1 ¢ 1. 3) B,
MPHS 3217 28 BF 30 4 F1 RS 7K - 38 2145 051 . 24 He Aol
it 1 1.3 J5 . PHSP %5 5 (3% in xf MPHS iz 17 1 {
A28 FE X 55 - 2 B PHSP (14 98 0 148 T 6E 1 © 3l
JE AU R AR & H 5 190 f e L A 3R 1) 1 B DA I
R, PHSP e 42 J MPHS R 48 19 £ 5% &8 4 » K
ik MPHS 3247 XU 7K - o AH 55 25 X5 24 KO 3 AL
0t BE A HY PHSP 254t
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Fig. 6 MPHS operating economic benefits and risk levels
under different robust coefficients and prediction errors
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