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Risk assessment of wind power integrated system based on time-periodic characteristics of wind speed
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(1. State Grid Gansu Electric Power Company Economic Research Institute, Lanzhou 730050, China;
2. State Key Laboratory of Power Transmission Equipment & System Security and New Technology,
Chongging University, Chongging 400044, China)

Abstract: The probability distribution model of wind speed is widely used in risk assessment of wind power integrated
system. Unfortunately, the current risk assessment mainly focuses on annual risk indices and cannot reflect the
time-varying characteristics of wind speed and system risk. In this paper, the time-periodic characteristics of wind speed
are proposed and it is described as two parts superposition. The first part is the long-term and gentle monthly trend which
can be represented as a time-periodic fitting function, while the other one is the short-term and rapid daily fluctuation
characteristics which can be denoted as a random variable that obeys a certain probability distribution. The wind speed
model with time-periodic characteristics is built through curve fitting based on wind speed data for several years.
Accordingly, wind power output of wind farms can be determined. Furthermore, the mid- and long-term risk indices of
wind power integrated system can be calculated through Monte Carlo simulation, and can reflect time varying
characteristic of system risk. The validity of proposed method is verified through a case analysis adopting IEEE-RTS79
system and actual wind speed of a wind farm. The result of risk assessment can provide reference for power system
planning, mid- and long-term dispatching and monthly generation scheduling making.
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Fig. 1 Daily average wind speed of a wind farm in
Gansu from 2013 to 2015
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trend from 2013 to 2015
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Table 1 Goodness of fit of time-periodic fitting function
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Table 2 Fitted value of undetermined parameters
in time-periodic fitting function
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Fig. 3 Fitting curve of time-periodic fitting function

and annual monthly average wind speed
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Table 3 Goodness of fit of wind speed wave component
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Table 4 Fitted value of undetermined parameters in probability

distribution of wind speed wave component
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Fig. 4 Fitting curve of wind speed wave component
and its frequency histogram
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Fig. 5 Daily average wind speed and simulated
value of a wind farm
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Table 5 Chi-square test results of two kinds of wind

model in each month

R H HEE(T-1) Hasiaram Hhaws Zeos(T —1)
1 6 10.74 11.21 12.59
2 6 11.19 11.82 12.59
3 6 9.27 16.83 12.59
4 6 11.58 9.55 12.59
5 6 10.23 1.78 12.59
6 5 10.48 12.10 11.07
7 6 11.31 13.36 12.59
8 5 9.35 3.73 11.07
9 6 11.39 7.26 12.59
10 6 10.60 32.65 12.59
11 5 0.65 18.15 11.07
12 5 9.33 10.09 11.07
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Table 6 Annual LOLP and EENS index of power system

%M LOLP EENS/MWh
FRIG R % 0.086 2 129 759
i 7R G (AR FH AT /R A5 0.1772 254 853
0 5 G0 (RAER I (] J&] Y ) 0.180 3 259 308

ARICERVAL RSt S BRI K4, 5
RUERGES H IS, RIZR G XU B I 8] (1324 17
Dlo T RS H EIREHRIR, S R H I
fif, Wi 8 o, HARFMFAAL,

3700
3400

31008

Ffaf/MW

2800 F

2500 F

2200 1 1 1 1 1 1 1 1 1 ]

1 2 3 4 5 6 7 8 9 100 11 12
Tl H
[&l 8 IEEE-RTS79 A4t B U&{E 1 far ph 2%

Fig. 8 Monthly peak load curve of IEEE-RTS79 system

FEVH R ARG RS TR AR, LA R e
AN 3 PR P AT 2R TR AN B S5 1 IR D N (1] 22 1 R
i, RO A i RGE K BEAT 0L DL kg
SEAZ R RGE AR o B 8] Ja] SRR AL AR TR TG 75 06 %
A NGB, G 2O SRS RS Sl R I TN X
[ [tm, ta] B AT o THEE5 R4 9 AIE 10 P

Ik F 45
O30T A RS p
0.25 — —o— - itk RE(H IR AL }
020 F f
Ay 7
3 0I5F J
—
/
0.10 b I
J
I i s
— ) & a L ,
0.00
1 2 3 4 5 6 7 & 9 10 11 12
Wil H
B9 REZARBEERDHE
Fig. 9 Monthly LOLP distribution of power system
IS T
wlgt - B - USRS R
5
— —o— - it R E( S ] TR 5
30 i
5 2 ]
% 20 bl
z !
g 15 p
0} 8
Ul
LN J
0 % - 4
12 3 4 5 6 7 8 9 10 11 12

5 [/ F
10 RERAREREBRESHE
Fig. 10 Monthly EENS distribution of power system



e

T RGN [7) JSUIRFAIE 1) KRR I D0 28 29 XISy DA 7795 - 49 -

H13% 5 Al S, A /R AL AgeE ] T84 H
AR G A, T B T S ST A AR W) DA, BT DA
(7 Je SRR A AR P 43 KRS F R b g v, B A X
BN RGN TRAR AR ZE 57, AR 7 o
% 7 BHRERE RSN REREIEFRENES
Table 7 Relative difference in system risk index
calculated by two kinds of wind model
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1 6.54 8.11 7 47.31 38.21
2 8.76 7.37 8 -0.54 -5.78
3 23.26 23.42 9 7.32 6.92
4 9.31 9.42 10 15.50 11.56
5 8.11 9.22 11 14.61 14.65
6 15.88 27.75 12 2.23 5.60
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