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Collaborative emergency defense strategy for offshore wind farm clusters considering the
spatial-temporal characteristics of a typhoon

LU Rui, XIONG Xiaofu, CHEN Hongzhou
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Abstract: The incidence of extreme weather is increasing yearly, threatening the safe and stable operation of power grids. To
solve the problems of limitations that exist in extreme weather historical data sampling modeling, inaccurate extreme weather
prediction, and insufficient absorption capacity of the power grid to cope with natural disaster defense, this paper proposes a
collaborative emergency defense strategy for offshore wind farm clusters that takes into account the spatial-temporal
characteristics of typhoons. First, based on the Batts gradient wind model, it analyzes the spatial-temporal characteristics of a
typhoon and the influence mechanisms, and quantifies the coupling relationship between the physical information on the
typhoon and the output of offshore wind farms. Then, a two-stage stochastic optimization model for offshore wind clusters
with multiple time scales considering the spatial-temporal characteristics of typhoons is proposed with the objective function
of minimizing the emergency defense cost within the deviation assessment interval. The first stage of the model is based on
the typhoon forecast information to customize the defense resource pre-dispatch strategy including conventional unit standby
output, pumped storage unit start/stop plan, energy storage plant output, and planned wind curtailment/load shedding. The
second stage incorporates the typhoon forecast uncertainty into the decision-making process to formulate the emergency
defense adjustment strategy based on the flexible distributed resources. Finally, a case study verifies the effectiveness and
economy of the proposed emergency defense strategy.
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Key words: extreme weather; emergency defense strategy; offshore wind power; two-stage stochastic optimization;

pumped storage; grid resilience

0 B|= FEAWIE K, UL WiE), ATEAERIE K R
- BRI 50%, KU AIRBH fE R H ik s
AR, RS K" Bn, REXERH R, KA RAK R AR —,
SERARAAL T B I R F AR R AR
BEWE: BHEAHRHFESTA T8 (U1866603) VERIfE HVEZ SN, T E N 1 B R




_14- o ZGRP HiE4

P, LLEROAH], i B X RIZE DU 5iE
Y47 R LR IX 2 5 o — A% (high impact low
frequency, HILF) 35 {4 i Bl 1 XL IR A =AML,
MK BB FE RS, KHLT IS 43 i e i
Bt K0, Rk, BRE N G XS ™
HIPEFZ —, X AT A RIS I 2 AR RS
RAEZRPAWF Al R SEAHLER . BT
Wi RN B XL 5 % o A BRI P F] R
Bri e /1 HA B8 L.

HAT, [ A7 56T H R AR i R AR R
FUE R T R S8R A T T, B AR
EFF HILF SR, B, Y5 F0iE B ge
SO RS SRR R AT B, RS
TR S5 2 32 B 1 2 22 i 43 A 2 BT ) e K S A
Hug, LA R A B AR ISR B 2 Bk, B
W R AU DL FL R AR AE R D . E B R
R T |Sa e e - S A S &/ VAN T i
FR R DL B MR 3t R A xt F R R R, i A R S,
3 S B A AE o PR P R, 1R T7 V52 T W)
PR A SCEEAE o SCHR[10]2% T YanMeng & XU
T N BR A PR AR S R AR o R SR AR AT 23
SCHR[1TATBC L) DX 3803 AT XA Xl 23, AN [R] 5 5%
[ PRANGEEE R ST T & KU T I AR A . (Hpf A
g BRI RN K,  FIR ORI A 5 2
& R A 25 KL 7t SR IR 52

FEF] A RRIEIH AN T T, SCHR[12]92 T “~F
TN IR, F8 i UBE R A0 0 22 e,
13 KRS O e AN T B ah s /. S
BR[ 131K F 73 X 8] (1) £ e 4 1) S &, B 809N 17 1
T A8 I B AU o SCHR[14138 7 — P 2 3L A P 0 i
REHL IR S A2, Al T B AR B B A i A
AT A A BRI R, SCHER[15] 3T 5 S i R % 1
A e, W T ARG R LG ReIE Y
Bt R . SCHR[16]17 BT bhEse 1 B Ak A RE Al
HH7K & REHIS AT i, 2 T AL i Re— oK & RE
W FEE A8 ] FAE RRIR I B AR TAT R S A5 . b
IR SCHRAN B T RUOR AT AT P AR BRIR EL RN G
2o BT AR I 9 T 748 £ B [E] R FE A T A

R BT, EXTELA RS, AR T —ME
R AU 23 R 1 1R b XU HR 37 3 i [ 5 S 9 10 5
W&, BRI RSN R H i b XUH R ER
FNBIERE ST, WRORE T ) [F] I 5 KRR 2 b /)
W RS E MG E . FE TR 1) F5E
G XITE RS, ST & XA
PRI R AT @A B, A T & XUR SR
W ER I IR 2) 2T A ARG BRE

IAHREE, R T2 & XN S ReE i X
S 2 I 18] RO P B BEREHLAR ALY, IR R AR
LAY TR TR & BB M R, i v SR A

1 8 LB EIREH R G5

HI b XU AR A 53 0 AT AE AN [, P
(A= B3 2 D B 5 NP 3 R 7 L I A E P S
i a0t DR AF AR 8] 22 5 MR L AMYE o T L =2 Ak
U TVET A R R H g 1) T S P 1 R A e 4% S OB
R EAI R Z, ok 7RI R R i B
Fiots B S BE AR I s 11 1) 7L

PRI, 25 8 G R 2Rk i B X R P A
KSR ZR A 1 R . B R KE RIG T
2 KL R & KR (E Sl I =ik ae T 6 &
R QI HRFRR, AR G4 MER K
NRGRERESCAR, SERTRCEPITHIE, HENL4LAE
SRl IR G KR FRHES . 1B XA THRAE
BEAANENE, Oy 1R AT REH PR R R
M, T2 A E AR B H AT SR R,
AR 5 r SIS i B Al e A R DL o

I
i I
: ~ T\

fKERE  AEREHLL

| I " s )

oS )/
\ & )
S

14
VS )
R

£ RTHR I |
W
)

§  wmennwmmen

FIBB - SEIT

[ EammaE K, wewmik |

1 —F E y{‘ % r—-———>—"~>"~>"~>"~>"=>"7"777 1
I |

| mwsmen | | mwmkgne |

! | ZH 1] R@f: :

NI g ey 3 I

! R | :

| [tz | | | [

1 ! | !

E 1 g EXEBRIZEE RS2 EH WIESR
Fig. 1 Grid-connected framework for collaborative emergency

defense of offshore wind farm clusters
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Fig. 4 Workflow diagram for offshore wind farm power output

calculation under the influence of typhoons
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Table 4 Comparison of scheduling results for various scenarios
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