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A multi-time scale peak shaving scheduling strategy based on wind power
scenario using a data-driven method
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Abstract: Wind power has obvious volatility and anti-peak shaving characteristics. To reduce the impact of large-scale
wind power grid connection on power system peak shaving, this paper proposes a multi-time scale scheduling scheme
based on wind power peak shaving scenarios. This improves the implementation efficiency of a power grid scheduling
scheme in extreme wind power scenarios. First, this paper constructs a wind power load data-driven model, and then a
multi-time scale evaluation index of wind power peak shaving power is proposed. From this index, the wind power of a year
is decomposed in the time domain and typical wind power peak shaving scenarios are generated for analysis. Second, in order
to ensure the power balance of the power grid in the peak shaving scenario, a wind-thermal-energy storage coordinated peak
shaving model is built for the historical scenario, and the economic optimal dispatching plan for typical scenarios is
formulated. Then a multi-time scale scheduling scheme is proposed to deal with the uncertainty of wind power through
rolling revision of the scheduling plan. Finally, the analysis of an example shows that the proposed method can effectively
improve the calculation speed of the dispatching scheme and implement the dispatching scheme in time to ensure economic
and stable operation of the power grid.
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Fig. 1 Wind speed curve and wind power curve
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Fig. 2 Flow chart of data-driven wind power and load
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Fig. 3 Interpolation curve of wind speed data for a wind turbine
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Table 1 Parameters of thermal power units

iH ZH 1 242
B E/MW 600 300
BUHEE & 2 1
H o ER/MW 600 300
H 71 N EIR/MW 180 90
B/ ML E]/h 4 3
e/ NFEALET E) /R 6 4
JRBNRA/(TT/R) 240 000 160 000
FAF A/ (TT/IK) 120 000 80 000
€354 BRAE/(MW/min) 9 45

*2 KEEHESH

Table 2 Parameters of wind turbine units

miH ZH
AL 25 /MW 3
RN R & 200
F RS 3% F/GT/MWR?) 2.43
BATHEY R EUOTMW) 1.8
R G R AR R BU(TT/MW) 0.353

*3 HEERMEEH

Table 3 Parameters of energy storage station

= ZH
i E 25 H/MWh 400
BT T /MW 100
FEHAER % 95
G &N 95
BB NATITC 15 000
FAALFE TR 9% H/(J6/MWh) 10
TEIRFF /X 10 000
WIUEZE 2/ MWh 100

K AL R Ve V0 AH B 228 SCRik[14],
ZHR

1) ‘K FLHL4L7E RPR DPR Fl DPRO 3 AMErBif)
BAR AT R BN 60% 45%F1 30%; 3 B
I KNI 25 5 WL AL A 2 T 11 1.5%/min .
1%/min 1 0.5%/min; HLAAE 3 DB HR/NEIT
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Table 4 Cost factor of coal consumption

g el BRRE
(GE/MW?) (GE/MW)
RPR 0.033 40.397 2590
DPR 0.039 38.306 3960
DPRO 0.041 36.327 4780

3) JL41/E DPR MrEftigfriike 2¥k=1.2,
7t DPRO BB ATIRFE RS k = 1.5 5 ML A
WA 3464 TO/KW ;s TEIR L VAR B3 150
JAR N(P) SHLUEIIR P RN

N(P)=0.005778P° —2.682P* + 484.8P —8411 (33)

4) HLZHTE DPRO i B (PiHFE R 4.8 t/h, AT
9 6130 TT/te

5) SAF) H K H ML AT TR B R UE B B SO,
NO B FR T2 & 805 Bl ¥ & N 842 J0/(mg m ™).
667 70/ (mgm ).
4.1.2 i H AR

B AR ST R S T R F — 7 A R B B A Y R
P HL R W TR AL R AR, 45 1% X ok Ha IR 116 JXUEE %
A7 7 50 250 I DAS 5 2% 8 9 R AT B Bk 5 2
1L, TRV X D7 SE A AT XU T R 3 i, TR
it bodad B2 1S B A ZR ARG 5 3 .
2RI 5 2 N BRI R = 14,
Wk 8 s
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Fig. 8 Typical peak regulating scenarios
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HL DD RAET R AN Z D12 1813l 4= 50 3 A
i R H R BRI 3 5e . FRIE L7 H X 52 3 B2 1)
s, S5&ZFEY SN, BRI HB A
WK, B 1 NEM AR, 2 1g
I, KR DIZRE I N, E 2175 2 KRR s
K, ABG U BN 2%. BEREI R 1 NG
A RE IR ER I B o

AREAH|ITE Matlab 355 T Yalmip T EF 1A
H Cplex SRR HEAT KA . NIEAEASCTHE T R
BRI A, A AT S0 %37 50is A ST

A Kt B R IR R BT PRACSR R, TEARIIE RS
FRE BT RTIE N1 BRI AR R TS, TR
it b XsF b0 T A 5 SR FH R UG T R AT 22 1 [) R 1R
ERIL TS EEE
4.2 BRI
4.2.1 F3 s iR TRZR H 2

il 2 E 3 s B LR I T EE , R0 UE AR SO -
KGRI (22 570, SR B LR 3 BB A 3k 47 06t
57 I

B 1. ABEAHE T RAERE T, HiEid
KA AR AT 1 0

R 2. A S BRI AR, JE AR
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Fig. 9 Optimal output of thermal power units and wind

curtailment in each period

R5 EFHR 1 W03 MRBEITELERIIEE
Table 5 Comparison of calculation results of three models

in winter scenario 1

- RGUBIT  KHENALEST A fERER FR
BA/TTC A ARTE AHETE /%

1 77.216 73.442 3.774 0 0
2 68.031 59.266 8.765 0 11.21
3 71.380 60.047 6.465 4.868 5.76

HHER 5 a5, BiRL 2 M RFIBITHAN 68.031
Jigt, TE 3 PR i AR iG] LPE XU HE i R R
TR BT 28 B ] @ A B 35 KOR PR R SRIE 47 R
A, B 3 R AN 35 KU T A an 10
FIi7m

R 1 B ARTT DA I IR K FATLEH R G R 5 ok
WO FERER, BRI RIETRA, (HEE KL
H T B PR 2 S 35 38 L ZEL 453 FE BR A R BRI 858 %
A, AR 1 TRz B KB HLALEAT A A
FEARAY 2 38007 14.176 Jigt, AT 9.184
Jigte XTHEARZAS 2, FiAY 3 EARIET A B X ik
AE FEL O 70 LI AR R RS 3 RN 11.21% P& 2
5.76%, {ESEAHBEINT 3.349 Jit, XAHTA
WAERE R B A BB, EiE A, SEUEAE

15 3500
SRR —a— FNET A

13000
12500
12000

11500

TR %
T XM A/ T

11000

1500

0

I Be/m
E 10 BEBR&HEAFRERFRET KA
Fig. 10 Optimal wind curtailment rate and penalty

cost in each period

H A AR RAE 2 . BT AN HE R RS
TR 8L, R E & 2375 1 B 2 330471
WER PR AR GUIBAT AR, 4575 R X HL 37 X 1 T ]
KRR 3 e,
Xt AR TR RUEE T K BB R BRI 5, A
K=Yy 2 1 3 AR B AN 6 .
* 6 ZFHR 2K 3 MIEENTHLEER L
Table 6 Comparison of calculation results of three

models in winter scenario 2

A 1 2 3
RGUBAT BRI TG 22.371 20.617 21.247
KEAHE A T 7T 21.436 19.134 18.615

NS % Ny 0.935 1.483 1.257
T RERLA T 70 0 0 1.375
KA % 3.06 1.08 0

R/ % 0 5.90 4.53

B 1 |52 B KL IR 2 SR 3 45 I (1]
U, ARG BRI U ARSI B, K
FUHLALTCI AE DL 1 XU sl 2 ig R B R
GO, CERRBE RGN ZefEsT, H
8 X R A K B LAL T e [ 380, AL e N 3%
MR EERIEARES, IR R . B 2 BRI
B T KNS Ty, A AR 1
RGRDBAIRA T 1754 Fi76, (B 2 ARIAAFAE
1.08%I K Fafig 5, Al WAL KL B BCR TR AL T
A 73 R B K FRATLZEL 3 5 72 A Sl I BTG 1204 5
B RGNS o AHELRTR 2, SRR 3
BT E RGN 2 5 RS RG0S RIS A 1
I, AHR AR ATFERE 0%, HIFXFTET
1.37%, fESEHLH ) R G % R E BT AT T,
TRAE T HUREAT FIZR B, FEA I ) RUBE X R 50
RECKK 5 T HERCR RAF, X T&Fg52 %
PR LSS SR A 11 P o R B3 e M L



-124 -

W) &Gk B

AL 7 Fis.

1200 1) e TR
LR L
1000 - —— R
800 [
600 |

400 -

TIR/MW

I /b
B 11 2FGR 2 FFRPEER

Fig. 11 Results of various resources scheduling

in winter scenario 2

F=7 EHRENAERAE
Table 7 Optimal scheduling cost of each scenario

— Xy HEY HER EHE
53 5t 2 Y5t 1
RGBT AT TG 35087  36.688  29.982  54.302
KHEMALBITRA/ I L 30617 33.929  27.765  46.349
RHLSAS TT T8 4.068 2.107 0.894 5.417
fi&BEAS TT T8 0.402 0.652 1.323 2.536

FERAF % 6.87 4.59 2.23 9.81

4.2.2 Z I 6] R B R & 7 =Xt LE A AT

R T BRI A S R dE T R g 5 ) 2 i R R
WY SR R, ARSI R 12 [X 3k He Y & 2R
118 R L T 20 A A7 A7 114 T B S 50 b 2 33047 17
H, WE 12 fos, IES5E5MEB-H AR BIR
SR B AT XS LT

THE 1 ARSCPTHER 2T S R g 37 = ) 2 g
EIPANER T

TE 2: AR H AT H AR BOR stk 8 B
E D
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Fig. 12 Wind power and load curve
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Fig. 13 Determine peak shaving period in the day-ahead stage
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Fig. 14 Results of various resources scheduling in peak

shaving scenario I

< 8 HIERTEL 1 FR¥TEE

Table 8 Comparison of peak shaving scenario I

Rgpiziy  okEbldliE O REE FR HEE

BATTG  ATHATIE AR R % K/s
1 66.816 59.106 7.709 7.89 36.4
2 65.226 57.520 7706 9.92 3538
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