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Analysis of the Limited Capacity of Wind Turbine Icing in Extreme

Cold Wave Weather Process
LAN Haochen™, LU Bingfu, LI Zhongyi, HUANG Dan, LI Yong, ZHAO Jinbiao
( Meteorological Disaster Prevention Technology Center of Guangxi Zhuang Autonomous Region, Nanning 53022,

Guangxi, China )

Abstract: [Introduction] The analysis of limited icing capacity of wind turbine in cold wave weather is difficult to predict, resulting in
inaccurate wind power prediction and insufficient decision-making basis for wind power dispatching. [Method] Through the prediction
model of the limited icing capacity of wind turbine, the limited icing capacity of wind turbine in extreme cold wave weather process in
Guangxi was analyzed and summarized by using conventional meteorological observation data, wind turbine shutdown actual data and
numerical model data. [Result] The results show that the reference value and accuracy of icing prediction are effectively improved by
integrating the numerical prediction products with the actual data of limited icing capacity and applying regression analysis for real-time
correction. In addition, the icing prediction model can effectively respond to the strong cold air system southward affecting the Guangxi
wind farm, but the response to the turning weather is insufficient, and the prediction result is larger than the actual data. At the same time,
the numerical model prediction results have amplitude deviation and phase deviation, and the predicted value is larger than the actual
value in this process. In terms of prediction effect, the model performs better in air temperature prediction than relative humidity and
wind speed prediction, and the prediction effect of meteorological elements in high altitude areas is generally better than that in low
altitude areas. [Conclusion] Based on the above conclusions, some suggestions are put forward, such as strengthening the early warning
and prediction ability of cold wave, carrying out the upgrading and transformation of icing capacity prediction system, so as to improve
the prediction accuracy of the limited icing capacity of wind turbine in extreme cold wave weather.

Key words: extreme cold wave; wind turbine icing; limited icing capacity; prediction model; Hi/3 S SR

Y Fs EHA: 2024-10-17 EEBHE: 2024-11-11

ELWH: J VIR B XA G R %I E “Brie i R R R A BRI (HS0RE 2023QN07); ) S L RHIF R0 B BT koK 2
TR FAR AR I & R Ss RS (RESR) 2023ZL09); | PSR RHIF I H “ThbJE 25T X e 3 T ¥ 16 Sh AR AE 43 Bt B RS PEA ™ (RS
B 2024QN13); LB E “Bsgm RS T OGIR & TSR AE” (<R 2024ZL06)


https://www.energychina.press/

2 7 RETR A B

FxH

B RE TR & R DU R & A LR, T
PO ATl S0 T AR 4G . Bk 2023 4F 12 H,
JUVEE IR M KU IR 134 K, ML R AT
25 14 GW. FEileEmdbbIX, BF 53 FRHE I
W, 2EHLZS 200 5.6 GW. SR, JKUHL A R B -
Wk T Bk, BIXUT) K e i a6 far AR, 3k
1HH T RGN RS R BUR . Bt Bk
AR, W R AR AR AR T A AR R, RS
TRV IR KA, X BB R N KA & Ha L i R % DA R
B s e e T BB, S i M B R s
AT A R B ok T IR A PR o PRIk, JF R R VK
5 A ST, XA AR F ) R G AT SRR 5
ERRREBITREREE,

T v FE W AR R ST, KWL 2 & A KA
FEL AT ) ] 0 95 KA LB 52, 3 7™ TR ) T F T 1Y)
FasE s ', mtn, 2021 45 2 A, 55 E N HL R R
V) 2 2% PR b, 05 AR, T TG JXURT XL i Tt 90 S 5, )
U KA 51 & T RS, 250, 2022 4F
1~2 H, 7 V8 T K8 B A R IR W 55 UK 7R R
R, B A XL & A kAL, R BR T
HL, HL R T TN AR AN sl ik B T
—HRER, 2EAR A E 2 A KHLEE VKA BT A R 1 T
PRI BUS T — 2 BT e . R4S 2 5%
ik = SR KLAEHILECHE, 3 2O T 45 vk K
R (1) {5 U235 S5 KRG 7 v gl 2 SR, 0 — st
S O AT IR ES A SE b AL vk A% B, X KL R
PR PEATIRABFFE ', Fn, &7 L FEE" 78 AR
VKA v R R A 5T, 5T AT i Ok AR
X R LT 450 By s ma B FIML A . 1P 4 . 250
4 ZEU) I Makkonen 45 pk 38 KR P02 g Sy T
DAALEE K T AR AR AR, Xt UL 25 K A L B ] 40 JE 3 )
AT TR, SR SCE i T RS T
B R X T VG X H S XL I 2 A S ], A KL
HLEE VKA AL (9 AL 3R A T EE I SR A . 5
AR P —Fh 2R A i KPR T 9%,
W AR AN T AR, W3 P T BE VK T
NREORTETicRe S

FE W Uiy FE W T R, ARWFST L 2023 4F 12 H
16 ~25 H AR P28 07 18— U A it 3800 RSk 22 49l

SR FHEAT B89 XUBILIE DK 52 PR 75 0TI AR 2, 6f 1™ Y
DX XBLEE VK A2 R HEAT TIR AT o AT 4G
BT BUAT B RHILBE PR B2 00 R X2 A< B 4 R,
FHERa R BRI BERE, KALIEEHLSE S K s
AR EAE RS 2 U5 Bt . DA IOCH:
TR A A e, I TR AR T AL BE UK 32 FR 75 Jt i
0 )t 26 A R, LA B ARGt 3t X R 99D 5383 D5 B i K
AR LB AT I BRI il i X 28 B, A
WF9E & FE P TR S R R T MHLEE DK A2 BR 7 Y
MBEST, I N B AESLPR TR AR R B4

1 BRETE

ABIFTE 1R BE A 5 1 XUBILBE RE B | il
JRGE | 3 T R X B R R A B R AR AR Y
U A0 S B0 R, X Le AR Y PR R R eI
[, IXUBILEE VK 6 R RN oh N ) . B vk S B0 4
32 FRAE OO - L TIUAR Bl o AR X0 82 XL i 26 552
3 CgIE S VAN R 7L e SPI s

HILIEE VK 52 BR 78 5 R IR vk 5 B0 KU AL
AUEHLIM I A R R o O T TRAIR ST i S 1
KA K DR A HARSE ], AR SCR AT T XUBILBE DK
SR BRI D AT . IR RS
THARTRHRB I ML BT, 12 H] T REHLARMK
N T 28 0 45 45 e R )N T RE SR UM XUBIL Y
FEHLRAS . D), BORRERE T BEVICIR SR
452 PRI

Stolal—icing = Z Pi,jSi.j ( 1 )

e

S otal—icing —— RHLEE VK B 58 2 5 (MW);

Py —— B E KA LA AUE DI (MW );

Sij —— B XHLBEAKIEHLRS, AR 1.
1AL, 0: AN5EHIL;

m —— R ()5

n A XL B KA (B .

o HE BB VRPN 32 FR 7 12t S PRt vk 52 FR
25100 22, SR T BU ME R R AT FOR, TF AR
W

1 mm
MAE:—Z|LC,-—LS,-| (2)
mm P



5% x

WIS, A W SE T R KL R K 32 B 2Ar 3

B AL K
JRE g T
AL

T A
it
2
ARSI, |k
S bt

SABEIKZ R
TR

RMBEK ST R
L

[ J1 34

LAY 5
TR LA
]
B KLk ZRE ERNAREAESS

Fig. 1 Prediction model framework of limited icing capacity of

wind turbine
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Fig. 2 Distribution of wind farms with limited icing capacity of wind
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Fig. 3 Actual value and predicted value of limited icing capacity in
the next 72 hours reported from December
14 (a),16 (b) and 19 (c ), 2023
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Tab. 1

Regression model of the actual value and the predicted value of the limited icing capacity of

A and B wind farms from December 16 to 24, 2023
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AHLIHA X H 7B KA KHEEB KA KEgB  KHHA KEEB  KHEFHA  KHB

16H — Y=5.786+1.660X — 0.913 — 0.834 — 30.055 — <0.05
17H  ¥=251.393—0.015X Y=251.393—0.015X  0.623 — 0.388 — 3.800 — <0.10 _
18H  y=37.188+0.770X — 0.230 — 0.053 — 0.336 — >0.10 _
19H — — _ _ — _ _ _ _ _
20H — _ — — _ _ _ _ _ _
21H  y=-900.071+2.531X — 0.953 — 0.908 — 59.062 — <0.01 —
22H  y=-524.121+1.769X — 0.598 — 0.358 — 3.344 — >0.10 _
23H  y="7731+1.150X  Y=251393-0.015X  0.952 0.910 0.907 0.829 58.573  29.022 <001  <0.01
24H  y=72300+0.601X  Y=10.867-0.192X 0.924 0.588 0.854 0.346 35.103 3.174 <001  >0.10
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Fig. 4 Limited icing capacity in Guangxi from December 15 to 26,
2023 and the prediction curve for the next 24 hours
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Tab. 2 Mean absolute error ( MAE ) between actual value and
predicted value of the air temperature, relative humidity and wind
speed of the A and B wind farms from December 15 to 20, 2023

P SIR/C AR EE /% K/ (m-s ™)
MAE #HHXRE MAE MXRE MAE HXEHRE
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