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Energy storage capacity configuration of an offshore wind farm considering the
influence of complex ocean climate conditions
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Abstract: Complicated ocean climatic conditions will affect the accuracy of wind power prediction for offshore wind
farms, and energy storage can effectively compensate for wind power prediction errors. A method for energy storage
capacity allocation of offshore wind farms considering the uncertainty of wind power forecast errors is proposed. First, a
combined prediction model is used to predict the wind speed, obtaining the predicted value of wind power according to
the relationship between wind power and wind speed, and comparing it with the actual measured value to obtain the wind
power prediction error. Then, the goal is to minimize the sum of power cost and capacity cost of energy storage
configuration. A robust chance constraint model that uses energy storage to compensate for the wind power prediction
error to within the allowable interval is proposed, and the convex approximation and sampling average method are used to
convert the model into a linear programming form to achieve an efficient solution. Finally, the impact of a typhoon event
on the energy storage configuration of offshore wind farms is analyzed in the calculation example, and it is verified that
the proposed model can effectively balance compensation effect and economy when dealing with the uncertainty of wind
power forecast errors. The results can provide strong support for the large-scale deployment of energy storage in offshore
wind farms in the future.
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Key words: offshore wind farm; energy storage configuration; robust opportunity constraint; ocean climate; wind power
prediction error

0 3= FEIENE, WX ASEI “XER” B bR
= REINPLRST, B KRR W, )T 2 3 i
AR, IR IE AREHLE FREE, MW Z SN R OA T ZAES), 568 R4 HA RIg
TR IBCRARRE, SRR I B A R T A AR MEE XD
E&WH: BRaAMFEALTA AT (61977128) ; L& YRR ZE,  H2 = 6 XU ER T T 4l 7K P61,
F 4 B 2 %1 B B (21061400200) ; LT A A& WAb2E3E CATEMERERME T 2R TR 22 7
FH4 5 457 B K 9 (21ZR1425400) TR T VF2 9. SCRR[7-8]R Al IE A A A ik




o, 5%

5 J& SRR S SR A i _E XL i e A B B AT - 173 -

AT ZE T % 7 (P BEA LY, 25 FE M XU Th 2 T 1%
ZW BN SL R & TR B, <
R [O]38 1t IR FEL HH ) 1 S BRAE S T B 2 22 15 31 K
IHRTM R 2, BT UAERERAR S % 2 2 A
Z RN H bR I e A R E Y . SCHR[10-11]
I XA (7 706 R R 22 4 X, 7
SRR X (8135 FH By A 06 Ja INBUR 15 B2 AN X 35 1)
BR300 BRI Ao IR TIE FEAE 7 1 XD 28 T 4R 22 1
)75 SRAFBENLAZ BN R MEZE 0 AT eR 2, (H 5B R
FH e SR AT RE 1 IR 2R 23 A R 2

SR FH DX A1 Bl 3 AL 2 TR0 5% 22 1) B AL
I S T VR AN s AR R S 4 o 2
RIBERY KA, ] T S E A SR AT A o0t BE AL AR
EMER A BB AR . SCHR[12-13]7%5 FE XL LR
e RN T & A BN 2R G RE A B E
BERY, SR s B H G 25 55 7 1R A B 4y
LRAEIRIE AR AR . STHR[14-15] LI 2 R Th 2 427
TRACE MR B N A EANAAE R, ST
T2 KA ERE LB B 7k, I SRR
AT NG AN T8 AR TR A i Ay i o A R SR . S
BR[1617E 57 1 5 T XD 2 0l i 22 2R 1) 5 it e 70
i EHENLH L AR o SR S 2 R A U (C&CG) 2
XA G PRI AT SRR . SCRR[LT]EE S T LAk e
FRAS B T AR 2 PR AR R AR 2 Rl /N H
B (1) ity BE 2% G B AR, JEE K MV A R B 45y
TRA B IRI T R A

IR T ik e 2 B G BT T A R TG _E XU
Y, R RERIE IR IS5 %A R XL
iR AR E MW, HAERNSEMEREG )R
PR

2 FE R 23 XU 3 XU S TR0 () B2 2 g
AR, e R, TR SCER[18]40#T 1 2019

G CERR” R E AR FE T SR KU HL 3 XU
(PRI . SCHR[L91EE AL T — i FE AR R A TR
2 Tl G BR] 2% A XU 2 ) A DA () 2 A s R T 26
TR . SCER[20-21) 2 FRUE RS TR R, 2
H T — % & G XEZa ) KGR A . fE AR
AT ZR TR T, 2 B E Mg S50 T i) 5 M
(ISR D o

gE PRk, ASCE & KRR 2 ki
PEAR AR KR sEm, $ei 7 —Fhit &
DA 2R TIN5 25 AN 52 1k A XL i R 2 R
Bk FIFAHRRRE AT 2 00 5% 22 4 M 22 A H X
PN, 3% RN E RN AN g e 25 e BB
AL, i el S T BO Y A O i TR SR
il o SR FH [ P9 i b XU () S e i3 47 5491 oy

B, OiE T & XEAF i Rk LRI RERC &
IR T U] it X I G LA RE SR A

1 KINRINIRE 24

1.1 BFEFSIERMXT KR TN A 20

MHILE R RS E B ER, i EX
HINLAH A PR SR R R N 3 2 kAR . FIH B 3)
FH 23052 (Automatic Relevance Determination, ARD)
SRR TR AU R SR R 5 RO A O
PEERKHUAE R, Hrbh XUE . X ImE. BE.
SEX AR REEZN R ARD RE N, R
G PR TN ) S e R FEE A5 OR IO, 43X b SR A
FAE R TR R (FIHRN o
1.2 RINFEFUNRE ZE

K A A& 4 #5304 R (Variational Mode
Decomposition, VMD) 5 [ #% 7 ¥ . ju (Gate
Recurrent Unit, GRU)ZH %1 5.1 VMD-GRU Tl 5%
BAL2205% R — ik 2] g UEA T T . 1 VMDD R BY [
TRMME 9 v, , GRU BB FIIME A v, » IACFS G
M A TRIME N v, » LA TR Ny

Vo =WV, +W,V, (€H)

L, w w, AN IIARE REL Hw +w, =1

FRAE XDy 28— XU O 5: (28VA] SR A5 R TR0 B T
JSE PR AT 2 TR -

ATy 220 5 2 Eh A T 26 SN 5 Pt A8 B A
132, t I TN R 2R

AR, () =R (1) -R, ) )

X P(t) Nt I ZIRThZSME; P, (t) At Z)
RIZTMME; AP, (t) v IEE R 327 M) 2 SiE
mTTE, S0, k.

KT HRAR 2 5 I BN A BT 2 b
€rwsep TE T 2 T 17 72 1 S A b o

\/Z(Pw ®-R 1) /K
Crmsep = = P x100% (©)

w,total
s KOYTIME RN P o I LA
o BTTMRZE B 70 H eqyeep BROK, TR RS FE
AR
1.3 KINFFMIRESHEEERNXR
M B MR RG M MYy, R 22 i
REARHH, HP

IDB—doWn = AF)W (t)! APW (t) >0 4
Py = —AP, (1), AP, (t) <0 )
K Py WIERE RGPy, JofikhE



-174 - €& REP B A

RGBT DI

SEBRAGHL A, AT Z TR0 R 2 4 A VT N,
WA T B M, e, B RSER. K
HK HAME B R 2 R VF X A 24, & 1 B, il
MR ZEAE [-a,a)(@a=0) NI, EREAZIE, HH
[-a,a] i, fEBEBITE. 24 AP, (t)>a i, BIFE
t—t, « t—t B RN, R REE
NRE N E IR AR, () <—a i,
B At —t, B, fRERE %, BRI RE =
/NN E, BASEER S IR THIAR .

E 1 RIERFIRE L T EE
Fig. 1 Schematic diagram of wind power prediction error curve
B v E B AR RE A o AR MR, BITREHR 2>
AT AR A

E=[" ARt )
fittREA . R n MR G, fEREREE N
E, =€+ E, ©)

X, B, NERERIIARER -
M T B, 2l Bk IR, RRE
IfERERE RN
E =maxE, —minE, (7)
2 fERERERERE
2.1 ATFAMERINRTUMIRER R B ERE
2.1.1 R FRMIR 2= AL R
JRCT R R 22 9 ACHL S Bt g 5 F00 s 7
Z 7%, HSEPRH JINAE O A g BRR 2 18], R
AP, =P —P,
{OgPSP ®)
A AR, NN INZTIM R PR ESERRH 775
R, ARG 775 B, AN 77 EFR .

EEXF AP, BIANHE 1, DXl HAth STk H i
FIRSIE —EBE N, A A AR R ok
AP, #MZ 2 Fu v X )50 [ P 29 3R

—a<AP,+P,<a ©)
Ah, PoAfERE AT I . P, KT 0, flREICE,
P,/NT 0, fREFTHL,

HT AP, & /IMEZ H I A, #UiHfERe
X H A TAME, W FEERK R DR A E, fifEhe
BB AT &, G AL EERIR T, Bk () iA
HNEFPLELIH .

Pr{-a<AP, +P,<a}=1-¢ (10)

K (10) K7 i /2 1 22 LR MR AN T- B
EEl-¢ .

2.1.2 fif e B FEpL 2 2 75 B I B A Y

FRHEIBLEAERE, 7EORIE— 2 R 22 PR
HIFEIS, GESRETHER, AR R T RS
AL E AR,

H b B BN it RE L B 1 S A 7/, B

min(C,[F; + C.[Eg) (11)
X C NBRERAL DR A; C. N REHRALES
A Py Eg 2 WAECE FIMERETI R . B,
AV S 1l
1) fifRE AL BN ZR LK

P S PB<P5x (12)
N, Py B BEDZRNC & 1 _EIRAA
2) il REA LR
Csocmin Eamax = Es=CosocmaEama (13)

' Cooemn » Coocmax 7 it REAT FARAS (1T IR
5 R Ege NfEREAERCE I PRE.
3) RIHZ MR 2242 R
Pri-a<<AP, +P,<a}=1-¢ (14)
2.2 fEsE R 2R ERE R
bRt A BB A BN, dE
MU HE LA BRI, A SCR A 2 S I A R )
Fpna,
B, RQYTHE N
Pr{|AR, +R,|<a}=1-¢ (15)
KA T
Ex(R(AR, +Ps)) =Pr{|AR, + R,|>a}<e (16)
A, B () NSE 0 B, TR RE, ACH
P NIES i R(X) & X UIF:

1,x>a
R0 = 0,x<a 1"



5 J& SRR S SR A i _E XL i e A B B AT - 175 -

I b, %%
BRI, i AL EERT Eqy (R(AR, + Py ) 13K
fitto
I ERECT () X R(x) #EAT NI AL,
(18)HaL.

Eeo (R(AR, +P;))) < Eo (T(AP, + Ro)) <& (18)
T(x) IRIEA N

T (X) = max {o, % + 1} (19)

A, BAKRT 0 HIH L.

ZE, R Ey(T(AP, + By) <& par, M
WIRH Epo (R(AR, + Py|)) <& BLAL, # i) i n] $44k
%t Epg (T (AP, + Py])) ISR AR .

KRR B A A P B4 g ()« SEHR
N AHBIREAR L, &, Gy > FRASTE LIRS 2053
T Ty 7y s A Eng (T (AP, + Py])) < & 4Ly

iﬂn.max{o,wqtl}<e (20)

BJF, SINHAER ¢, . RO NI
LT
|APw(é:n)+ PB|+ﬁ<¢n, ¢n>0 vn

N
Z”n '¢n<ﬂ'8
n=1

ZEt, RR BRI LR T EELH
I EIRZVHRIAL, il e 7 R B AT H i
NI
min(C, - B, +C - Ey)
st ®X(@12). :@3)
|AP, (&) +Ps|+ B<¢,,4,=0 Vn (22)

i”n '¢n<ﬂ"91 IB>0
AL AR (P R SR AR A ] 2 P
3 EhISH

DL P 38 L2589 100 MW i E XU 52
DU HE %0 K Y00 s 77 E5d A ity , 2R 47 550481 23
PO R R A (B B B[R] 10 min, 5 25 il e 11 52
REINZRAN 110 Ji6/IMW, BAfr 258 RiAs 4y 150
i 76/IMWh.
3.1 fEBEXT T KB K BRI R

FIF K-means 5285022505 4= 42 ) X HL T 26
BHRHAT RS, HEFEAKATIAZ A H X
RIS, w3 R, B3 A m—EfEEK

50 (21)

VUL sl e LiZifE B XIS R KU
H DR, DY EEE B AUE TR 10 MW, i
SEREN 20 MWh G REI, fif BE~1- 40 X R S R8CR
Wk 4 fros. hE 4 ATBUE W, PRI
it 2 B ST H R0 SETTE  R R £ R AR O T A
2 A e B AR B2 an B 5 s N 7Pl D)
A, il RE ARG KR TP BRI iR, A
WL HE B NI BT 26

PG FE i A R TR Y

l

i A I

Y

A A Bk P RO A T, i L
13 R T 2

A 4

TR flEsRE At =5 T3 22 79 4 s Bl oy Ji-iiiid 2y
R AL 22 20 RN A i T 7 R

Y

AL 29 AORTRY A £ 1 MR RS SR

A 4

gl

E 2 ERdiERiEE
Fig. 2 Modeling process flow chart
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